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PEEFACE. 


The  Anatomy  of  Man  is  an  ancient  and  royal  subject  of  study.  The 
first  book  whereof  we  have  any  record  was  on  this  theme,  and  its 
author  was  a  king.  During  the  succeeding  sixty  centuries  many 
excellent  books  have  been  written  on  the  subject,  but  most  of  them  have 
treated  of  it  from  the  purely  descriptive  side.  It  is,  therefore,  little 
wonder  that  traces  of  traditionalism  should  survive,  and  that  there 
should  be  some  basis  for  the  reproach,  which  has  been  cast  upon 
Anatomists,  that  they  have  been  unduly  slow  to  appreciate  the  light 
shed  on  human  organisation  by  the  younger  allied  sciences  of  Morphology 
and  Physiology. 

The  facts  of  Human  Anatomy  can  only  become  intelligible  when 
Man  is  considered  as  a  member  of  the  great  animal  series,  and  hence 
the  necessit}^,  now  generally  recognised,  of  giving  to  the  medical 
student  a  preliminary  course  in  Elementary  Biology  before  he  begins 
the  dissection  of  the  human  body. 

In  the  following  pages  I  have  endeavoured  to  give  a  comprehensive 
account  of  the  Anatomy  of  Man,  studied  from  the  Morphological  stand- 
point. The  order  I  have  adopted  is  the  outcome  of  considerable 
experience  as  a  teacher,  and  is  that  which  I  have  followed  during  the 
past  fifteen  years.  I  have  first  given  a  brief  sketch  of  the  evolution 
of  form;  then  a  very  short  account  of  the  nature  and  arrangements 
of  the  tissues.  This  part  I  have  necessarily  made  brief,  as  Histology 
can  only  be  adecpuately  studied  in  the  Laboratory,  and  with  a  hand- 
book treating  of  methods  as  well  as  results.  I  have  then  taken  up 
the  Anatomy  of  the  bones  and  joints,  and  lastly  of  the  soft  parts, 
in  the  order  in  which  -they  are  dissected  by  the  student.  To  have 
followed    the    order  of   Systems  would    have    been    much    easier,  but  it 
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is  not  in  this  order  that  the  student  learns  Anatomy  in  the  only  place 
wherein  it  can  be  learned,  namely,  the  dissecting-room.  For  the  sake 
of  any  who  may  wish  to  study  a  particular  System  by  itself,  I  have 
prefixed  a  Classified  Table  of  Contents,  which  will  enable  him  to  select 
the  proper  paragraphs  with  no  greater  trouble  than  that  of  turning 
over  a  few  pages. 

To  study  Anatomy  with  the  least  labour  and  the  greatest  profit, 
the  student  should  read  the  complete  description  of  each  structure,  with 
the  parts  before  him,  checking  and  verifying  every  statement  as  it 
occurs.  By  this  method  far  more  satisfactory  results  will  be  attained 
than  by  the  plan  of  using  only  a  short  set  of  descriptions  in  the 
dissecting-room,  supplemented  by  the  reading-up  of  the  details  at  home 
out  of  reach  of  the  means  of  verification.  By  adopting  the  course  here 
pursued,  one  text-book  should  suffice,  in  place  of  the  customary  two. 
The  method  is  of  the  greater  value,  in  that  the  student  is  not  called 
upon  to  accept,  on  the  word  of  the  teacher,  statements  in  the  verification 
of  which  it  is,  for  his  own  sake,  of  great  importance  that  he  should 
exercise  his  eyes  and  his  fingers. 

In  a  subject  containing  such  a  prodigious  mass  of  detail,  it  is 
impossible  within  the  compass  of  a  Student's  Text-Book  to  present 
more  than  a  selection  of  the  facts  of  Anatomy.  I  have  tried  to  make 
a  selection,  including  all  that  is  of  real  importance,  with  due  reference 
to  the  bearing  of  these  facts  on  the  allied  subjects  of  Medicine  and 
Surgery,  of  Morphology  and  Physiology,  and  I  have  endeaAroured  as 
much  as  possible  to  avoid  repetition. 

The  normal  Anatomy  of  Man  is  a  study  of  averages,  and  it  is  often 
hard  to  draw  the  line  between  what  may  be  regarded  as  normal  and 
that  which  is  abnormal.  I  have  endeavoured  in  each  case  to  decide  in 
accordance  with  what  I  have  seen  and  noted  during  the  past  thirty 
years  of  my  dissecting-room  experience.  I  have,  moreover,  left  out  the 
names  of  those  authorities  whose  wTork  has  advanced  our  knowledge 
in  each   department  ;    such  names  are   useless  to  the  ordinary  student. 
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When  a  discovery  is  once  sufficiently  verified,  it  becomes  a  part  of  tie 
science,  and  is  the  property  of  all.  The  record  of  the  discovery  is  a 
part  of  the  history  of  the  science,  not  of  the  science  itself. 

I  hope  at  some  future  time  to  set  forth  in  order  what  I  have 
here  been  obliged  to  omit,  a  complete  catalogue  of  recorded  varieties 
and  their  statistics,  and  a  detailed  history  of  the  progress  of  Anatomical 
discovery. 

To  study  profitably,  the  student  must  dissect  carefully;  one  pait 
dissected  with  care  is  worth  a  dozen  hurried  over.  In  these  days  of 
antiseptics  there  is  no  difficulty  in  keeping  parts  for  careful  weak, 
and  now  every  dissecting-room  is  provided  with  some  such  preserving- 
fluid.  What  I  have  found  most  suitable  is  a  mixture  containing  spirit 
30  per  cent.,  glycerin  10  per  cent.,  carbolic  acid  2  per  cent.,  and  water 
58  per  cent.  When  a  subject  is  properly  injected  with  a  preservative, 
such  as  arsenic  and  glycerin,  or  an  alcoholic  solution  of  mercuric 
chloride,  cloths  wet  with  this  fluid  wrapped  round  a  part  will  suffice 
to  preserve  it  indefinitely. 

There  is  little  scope  for  originality  in  the  writing  of  a  Student's 
Text-Book;  every  structure  has  been  so  often  and  so  well  described 
before,  that  I  cannot  expect  to  do  better  than  my  predecessors.  The 
descriptions  given  here  have  been  written  in  the  dissecting-room,  and 
checked  over  and  over  again  by  comparison  with  dissections. 

I  have  to  record  my  indebtedness  to  many  kind  friends  for  helpful 
suggestions.  I  have  especially  to  thank  Dr.  Hill,  the  Master  of  Downing 
College,  for  his  kindness  in  reading  much  of  the  work  in  manuscript, 
especially  the  account  of  the  central  nervous  system.  I  have  also  to 
thank  Professor  Curnow,  Dr.  Donald  MacAlister,  Mr.  Rolleston,  and 
Mr.  Griinbaum,  for  having  read  through  most  of  the  proofs,  and  for 
many  hints  and  criticisms,  of  which  I  have  gladly  availed  myself. 
I  am  also  indebted  to  the  publishers  for  their  kindly  forbearance 
with  my  tardiness,  and  for  the  liberality  with  which  they  have 
provided  the  numerous  illustrations.    Very  many  of  the  latter  have  been 
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engraved  expressly  for  the  work ;  for  others  I  am  indebted  to  Landois 
and  Stirling's  Text-booh  of  Physiology  and  Haddon's  Introduction  to 
the  Study  of  Embryology.  The  sources  of  the  remainder  are  given 
elsewhere. 

I  have  freely  availed  myself  of  the  results  of  the  researches  of  the 
many  great  masters  who  have  done  so  much  todevelope  the  morphological 
side  of  Human  Anatomy,  and  am  especially  indebted  to  the  suggestive 
writings  of  Gegenbaur,  His,  and  Krause,  as  well  as  to  those  of  Gaskell, 
Cunningham,  Lockwood,  and  Sutton.  I  have  lastly  to  thank  my 
friend  and  successor  in  Dublin  University,  Professor  Cunningham,  for 
the  opportunities  which  he  has  afforded  me  of  examining  and  using 
many  of  his  beautiful  preparations,  especially  those  dealing  with  cranio- 
cerebral topography. 

ALEXANDER   MACALISTER. 


TOKRISDALE, 

Cambridge,  November,  1889. 
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INTRODUCTORY. 


1.  The  Anatomy  of  Man  may  be  studied  from  two  different  stand-points, 
the  morphological  and  the  utilitarian.  To  the  student  of  Morphology,  Man  is 
the  best-known  and  the  most  easily  examined  of  the  higher  Mammalia;  and  thf 


CORRIGENDA. 

Pa^e  85,  fig.,  for  "arteriousus,"  read  "arteriosus." 

309,  fig.,  delete  a  before  adductor  and  abductors. 

349,  line  36,  for  "left,"  read  "right," 

349,  line  37,  for  "right/-  read  "left." 

430,  fig.,  for  "iliocolic,"  read  "ileocolic." 

486,  fig.,  for  "aod,"  read  "adductor." 

612,  line  26,  for  "next,"  read  "last/' 

619,  line  2.  for  "styloglossus,"  read  "stylopharyngeus." 
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•ments  is  called  Histology. 


Method. — In  some  treatises  the  systems  are  described  separately  in  sequence  ;  in  others, 
the  parts  of  all  systems  are  studied  in  the  order  in  which  they  are  met  with  in  the  dissection 
of  the  body.     The  former  method  of  treatment  is  \  .  the  latter  Topographical.     The 

skeletal,  digestive,  and  genito-urinary  systems  are  more  easily  studied  by  the  examination  of 
their  component  organs  systematically ;  but,  owing  to  the  inter-dependence  of  the  parts  of 
tbe  muscular,  circulatory,  and  nervous  systems,  especially  in  the  head,  neck,  and  limbs,  it 
is  more  useful  to  adopt  the  topographical  method  in  the  description  of  these  regions. 

Terminology. — The  names  given  to  the  parts  of  the  body  are  singularly  heterogeneous. 
In  the  literature  of  Anatomy  over  14,800  names  have  been  applied  to  about  7,200  parts.  I 
have  selected  the  names  in  most  general  use,  choosing,  when  possible,  such  as  are  single 
words,  if  neither  too  long  nor  cacophonous  ;  considerations  of  priority,  precision,  and  appro- 
priateness being,  where  possible,  respected.  Many  names  are  so  linked  with  the  history  of 
the  science  that  they  should  not  be  altered,  and  however  desirable  a  consistent  nomenclature 
may  be  in  theory,  recent  attempts  in  that  direction  have  been  singularly  unfortunate. 

Opinions  differ  as  to  the  propriety  of  retaining  the  personal  element  in  anatomical  nomen- 
clature. I  have  retained  such  names  wherever  they  constitute  historical  memorials  _  of 
discovery  ;  and  while  their  undue  multiplication  is  to  be  deprecated,  yet  it  would  be  a  pity 
to  divorce  the  names  of  Morgagni,  Spigelius,  Yienssens,  Wharton,  Monro,  or  Colles,  from 
the  parts  with  which  their  names  have  been  so  long  associated. 

An  appropriate  terminology,   although  desirable,   is  only  a  means  toward  an  end.     In 
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INTRODUCTORY. 


1.  The  Anatomy  of  Man  may  be  studied  from  two  different  stand-points, 
the  morphological  and  the  utilitarian.  To  the  student  of  Morphology,  Man  is 
the  best-known  and  the  most  easily  examined  of  the  higher  Mammalia  ;  and  the 
dissection  of  the  human  body  is  more  suggestive  of  important  morphological 
lessons  than  that  of  any  other  single  species.  The  student  of  Medicine  regards 
the  human  body  as  an  apparatus  liable  to  disorder  and  injury,  whose  mechanism 
it  behoves  him  to  know,  in  order  that  he  may  lie  able  to  deal  \\  itli  it-  diseased 
conditions. 

Although  the  facts  which  are  of  primary  importance  to  each  of  these 
classes  of  students  are  to  some  extent  dissimilar,  yet  the  Anatomy  itself  is 
one  ;  and  it  is  possible  so  to  treat  the  subject  as  to  set  forth  for  each  student 
that  which  is  necessary  for  his  particular  purpose. 

An  adequate  knowledge  of  the  Anatomy  of  Man  can  only  lie  obtained  by 
careful  dissection.  To  the  practitioner  of  Medicine  such  an  accurate  knowledge 
is  essential  as  will  enable  him  to  place  his  finger  over,  or  the  point  of  a  needle 
in,  any  required  part;  as  well  as  to  understand  tie-  structure  of  the  part  so 
indicated.     Any  less  precise  knowledge  is  of  little  value, 

Man's  body  consists  of  a  combination  of  six  systems  of  parts — skeletal. 
muscular,  nervous,  digestive,  circulatory,  and  genito-urinary.  Bach  system 
is  made  up  of  a  set  of  organs  ;  each  organ  is  built  tip  of  tissues,  whose  ulti- 
mate constituents  are  called  form-elements.  Anatomy  takes  account  not 
only  of  the  parts  which  can  he  distinguished  by  the  naked  eye.  and  which  are 
studied  by  dissection,  hut  also  of  those  minuter  elements  which  require  the  aid 
of  the  microscope  and  of  reagents  for  their  recognii  ion.  The  former  side  of  the 
science  is  Macroscopic,  the  latter  is  Microscopic  Anatomy;  bu1  between 
these  there  is  no  hard  line  of  demarcation.  The  study  of  the  tissues  and  form- 
elements  is  called  Histology. 

Method. — In  some  treatises  the  systems  are  described  separately  in  sequence  :  in  others, 
the  parts  of  all  systems  are  studied  in  the  order  in  which  they  are  met  witli  in  the  dissection 
of  the  body.     The  former  method  of  treatment  is  -  :,  the  latter  Topographical.     The 

skeletal,  digestive,  and  genito-urinary  systems  are  mere  easily  studied  by  the  examination  of 
their  component  organs  systematically  j  but,  owing  to  tin.'  inter-dependence  of  the  pj 
the  muscular,  circulatory,  and  nervous  sy--  ially  in  the  head,  neck,  and  limbs,  it 

is  more  useful  to  adopt  the  topographical  method  in  the  description  of  these  regions. 

Terminology. — The  names  given  to  the  parts  of  the  body  are  singularly  heterogeneous. 
In  the  literature  of  Anatomy  over  i4,Soo  names  have  been  applied  to  about  7,200  parts.  I 
have  selected  the  names  in  most  general  use,  choosing,  when  possible,  such  as  are  single 
words,  if  neither  too  long  nor  cacophonous  ;  considerations  of  priority,  precision,  and  appro- 
priateness being,  where  possible,  respected.  Many  names  are  so  linked  with  the  history  of 
the  science  that  they  should  not  be  altered,  and  however  desirable  a  consistent  nomenclature 
may  be  in  theory,  recent  attempts  in  that  direction  have  been  singularly  unfortunate. 

Opinions  differ  as  to  the  propriety  of  retaining  the  personal  element  in  anatomical  nomen- 
clature. I  have  retained  such  names  wherever  they  constitute  historical  memorials  of 
discovery  ;  and  while  their  undue  multiplication  is  to  be  deprecated,  yet  it  would  be  a  pity 
to  divorce  the  names  of  Morgagni,  Spigelius,  Vieussens,  Wharton,  Monro,  or  Colles,  from 
the  parts  with  which  their  names  have  been  so  long  associated. 

An  appropriate  terminology,   although  desirable,   is  only  a  means  toward  an  end.     In 


2  VAKIABILITY. 

Anatomy  there  is  greater  danger  than  in  any  other  branch  of  knowledge  of  the  student 
falling  into  the  error  of  confounding  names  and  tilings.  An  acquaintance  with  the  literature 
of  the  science  is  quite  compatible  with  gross  practical  ignorance  of  the  parts  themselves. 

Descriptive  Terms. — In  anatomical  description,  the  body  is  supposed  to 
stand  upright,  so  that  upwards  and  downwards  mean  respectively  towards  the 
head  and  towards  the  feet.  The  anterior  surface  of  the  body  is  called  ventral, 
the  posterior  dorsal.  That  aspect  of  any  part  nearer  to,  or  directed  towards, 
the  head  is  called  proximal  or  preaxial,  while  that  more  remote  or  directed 
from  the  head  is  distal  or  postaxial.  The  terms  superficial  and  deep  are 
applied  to  parts  according  as  they  are  respectively  nearer  to,  or  farther  from, 
the  skin.     Pre-  and  postaxial  indicate  aspect  rather  than  position. 

A  vertical  plane  of  section  carried  from  before  backwards  is  called  a  sagittal 
section,  while  a  section  in  the  vertical  plane  at  right  angles  to  this  is  said  to 
be  coronal.  Thus  a  skull  divided  vertically  from  nose  to  nape,  into  two 
lateral  portions,  is  "sagittally"  divided;  but  if  cut  through  vertically  from 
ear  to  ear,  and  so  divided  into  fore  and  hind  halves,  the  section  is  "coronal." 

The  sagittal  plane  which  divides  the  body  into  symmetrical  lateral  halves  is 
the  median  plane,  which  intersects  the  surface  before  and  behind  in  the 
anterior  and  posterior  median  lines.  According  to  their  relation  to  this  plane, 
parts  are  divided  into  medial  (nearer,  or  directed  towards  the  median  plane), 
and  lateral  (or  farther  away  on  each  side  of  it).  Thus,  that  aspect  of  a  limb 
which  is  directed  towards  the  median  plane  is  the  "  medial  aspect,"  and  the 
opposite  is  the  "lateral." 

2.  SYMMETRY. — The  skeletal,  muscular,  genito-urinary.  circulatory,  and 
nervous  systems  are  essentially  alike  on  each  side  of  the  median  plane.  The 
digestive  organs  were  originally  divisible  into  two  laterally  similar  halves  by 
the  median  plane,  but  from  inequalities  of  growth  they  have  lost  their  primi- 
tive symmetry. 

As  in  other  vertebrates,  traces  of  the  original  division  into  successive 
segments  or  metameres  remain  in  all  systems  except  the  digestive  ;  and  in 
consequence,  serial  homologies — that  is,  resemblances  between  comparable  parts 
developed  from  corresponding  portions  of  successive  segments — are  recognisable. 

3.  VARIABILITY. — No  two  human  bodies  are  exactly  alike  in  the  details 
of  organisation;  Inheritance,  habitual  actions,  occupation,  and  other  circum- 
stances of  environment,  are  factors  which  act  with  unequal  intensity  in  the 
history  of  each  individual,  modifying  the  proportional  development  of  parts. 
Although  the  resulting  range  of  variety  is  great,  yet  there  are  certain 
conditions  of  each  part  which,  from  their  frequency  of  occurrence,  it  is 
convenient  to  call  normal,  and  these  only  are  here  described. 

The  enumeration  of  the  recorded  varieties  of  parts  is  out  of  place  in  a  student's  handbook, 
so  I  have  relegated  their  full  tale  to  a  supplemental  volume.  These  anomalies  may  be 
grouped  in  five  categories. 

1.  Embryonal,  the  persistence,  in  the  adult,  of  conditions  usually  transient  in  the  fcetus. 

2.  Atavistic,  the  occurrence  of  conditions  which  existed  in  ancestral  forms,  but  which 
have  disappeared  even  from  the  human  fcetus,  under  the  action  of  environing  influences. 
These  two  groups  are  closely  related. 

3.  Retrogressive,  due  to  lack  of  nourishment  of  parts,  causing  their  atrophy,  degeneration, 
or  disappearance  ;  loss  of  function  having  preceded  degeneration  of  structure. 

4.  Vicarious,  alterations  due  to  the  assumption  of  supplementary  functions  by  certain 
parts,  compensating  for  the  deficiencies  of  others. 

5.  Progressive,  due  to  increasing  function,  and  foreshadowing  increase  of  specialisation. 

4.  THE  UNIT  OF  ORGANISATION.— All  human  tissues  consist  of,  or 
are  derived  from,  cells.  A  cell  in  its  simplest  form  is  a  minute  mass  of 
a  transparent,  gelatinous,  contractile  material  called  protoplasm,  which  is  in- 
soluble in  water,  coagulates  at  1300  F.,  and  is  usually  neutral  in  reaction. 


THE    CELL. 


Protoplasm  is  highly  metabolic,  and  easily  breaks  up  into  more  stable  albuminoid 
substances,  which  can  generally  be  stained  crimson  with  carmine,  and  purple  with  logwood. 

These  derivatives  may  appear  as  granules  in  the  cell-substance,  which  become  ejected  in 
the  course  of  the  life  of  the  cell ;  or  they  may  remain  in  organic  union  with  the  cell  as  a 
more  or  less  clear,  homogeneous  peripheral  material,  exhibiting  none  of  the  living  characters 
of  the  protoplasm  which  it  surrounds. 

When  a  layer  of  this  meta plasm  is  condensed  into  an  investing  layer  around  a  cell,  it  is 
called  a  cell-wall  (fig.  i,  mc),  and  this  is  usually  of  sufficient  firmness  to  give  to  the  cell 
a  definite  shape,  and  to  restrict  or  prevent  the  amceboid  motion  which  naked  masses  of 
protoplasm  exhibit.  In  general,  protoplasm  forms  only  a  small  constituent  in  any  but  the 
youngest  cells.  The  metaplasm  which  lies  external  to  the  limits  of  the  cell,  thus  defined, 
often  undergoes  metamorphosis,  and  forms  an  intercellular  ground-substance,  upon  the 
nature  and  amount  of  which  the  permanent  arrangement  of  the  cells  iu  the  tissue  depends. 

The  material  of  the  cell  is  probably  never  homogeneous,  but  usuall}'  consists  of  a  network 
of  minute,  highly  refracting,  and  firmer  filameuts  (tig.  I,  pc),  whose  meshes  are  filled  with  a 
more  fluid  substance  (encliylema).  Scattered 
through  this  are  granules  of  metaplasm,  food, 
or  of  other  foreign  matter,  as  well  as  very 
fluid  drops  of  low  refrangibility,  called 
vacuoles,  whose  presence  seems  to  weaken 
the  contractility  of  the  protoplasm. 

Nucleus. — Within  almost  every 
cell  is  a  roundish  vesicle,  called  the 
nucleus,  which  consists  of  an  investing 
homogeneous  membrane^of  the  nucleus 
(fig.  i,  mn),  enclosing  a  network  of 
protoplasmic  threads  (nucleoplasm,  /■/'  i 
similar  to  the  reticulum  of  the  cell, 
with  an  encliylema  of  lower  refrangi- 
bility in  its  meshes,  which  is  with 
difficulty  stained  by  reagents  (achro- 
matin).  Embedded  in  this  nucleoplasm 
there  is  a  convoluted  filament  of  a 
coloured  material  {chromatin,  bn), 
usually  moniliform  in  outline,  and 
exhibiting  nodal  swellings  {nucleoli) 
where  two  parts  cross  each  other. 

Cells  grow  in  the  direction  of  least  pressure,  and  vary  iu  shape  according  to  their 
environments.  There  seems  to  be  a  limit  to  their  indelinite  enlargement,  and  when  this  is 
attained,  well-nourished  cells  multiply  by  division.  Human  cells  are  variable  in  size. 
Among  the  largest  are  the  cells  of  the  auterior  horn  of  the  spinal  cord  (135  p*);  among  the 


Fig.  1.— Typical  nucleated  cell. 


Fig.  2. — Karyokinetic  changes  in  a  cell  which  is  about  to  divide. 

smallest,  are  probably  the  minute  fusiform  cells  of  the  retina  (10/t).  It  is  probable  that 
the  organisation  of  a  cell  is  even  more  complex  than  has  been  hitherto  suspected,  as 
the  smallest  human  cell  may  consist  of  over  half  a  million  molecules. 

*  ft.  =  o"ooi  of  a  millimetre. 


the  nvr.u. 


The    Multiplication    of   Cells   is  preceded  by  complex  changes,   as  yet 

imperfectly  understood.  In  the  course  of  these,  the  nuclear  membrane  usually 
disappears,' and  the  coloured  nuclear  filament  enlarges  (fig.  2,  A)  and  loosens  (B), 
forming  a  convoluted  wreath  (C),  which  breaks  up  into  a  series  of  loops  (D), 
from  which  a  pencil  of  rays  extends  toward  each  pole  of  the  cell  (the  monaster 
stage).  The  spindle-like  figure  thus  formed  consists  of  fine  lines  (E),  and  the 
loops  of  the  chromatin  filament  around  it  become  divided  into  two  star-like 
circlets  of  rays  which  gradually  separate  from  each  other  (E),  the  spindle 
becoming  somewhat  barrel-shaped  (pithode  stage).  Each  circlet  of  loops  becomes 
united  into  a  new  rosette  (F),  the  cell  appearing  as  a  diaster.  In  the  middle 
of  the  spindle,  where  its  rays  are  interrupted  by  a  layer  of  granules,  an 
equatorial  plane  of  division  appears,  and  the  protoplasm  of  the  cell  and 
nucleus  become  rapidly  aggregated  around  the  daughter-stars.  The  rays  of 
the  daughter-stars  reunite  into  loops,  these  into  wreaths  (G),  and  these  into 
a  network  like  the  original  network  in  the  parent  cell  (H);  while  the  halves 
of  the  spindle  seem  ultimately  to  be  lost. 

The  details  of  this  process,  which  is  named  KaPyokinesis  or  Mitosis,  vary  in  each 
different  kind  of  cell.  In  some  the  phases  are  minimised  to  an  almost  simple  fission,  while 
in  others  they  are  much  more  complex  ;  but  the  general  features  of  the  mode  of  division  are 
fairly  constant. 

Individual  cells  live  as  long  as  any  of  their  protoplasm  remains  unaltered. 

5.  THE  HUMAN  OVUM  (fig.   3)  is  a  large   cell,  0-16   mm.  in   diameter, 
enclosed  in  a  firm   envelope,    -oi   mm.   thick,   pierced  by   close  radial  pores. 


Cells  of  discus  proligerus. 
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Fig.  3. — Ovum,  diagrammatic—/,  secondary  nucleoli. 


Fig.  4. — Portion  of  ovum 
extruding  a  polar  body, 
and  showing  a  spindle 
and  diaster.  The  inner 
star  surrounds  the  female 
pronucleus,  the  outer  is 
beneath  the  polar  body. 
The  male  pronucleus  is 
close  to  the  female. 


Within  this  zona  pelhicida  or  radiata,  is  a  delicate  cell-wall  {vitelline  membrane), 
containing  the  yolk,  which  is  made  up  of  protoplasm  mixed  with  vitellin 
and  other  albuminoids.  The  nucleus  (germinal  vesicle)  measures  -04  mm., 
and  the  nucleolus  (germinal  sjwt)  -007.  By  a  frequently  repeated  process  of 
division,  and  by  the  modification  of  the  new  cells  so  produced,  this  one 
fundamental  cell  gives  origin  to  the  embryo,  and  the  embryo  developes  into  the 
adult  individual.  The  study  of  the  specialisation  of  the  products  of  this  cel1- 
multiplication,  which  is  named  Embryology,  is  the  only  reliable  guide  to  the 
solution  of  the  many  morphological  problems  which  Human  Anatomy  presents. 


SEGMENTATION. 


It  is  desirable,  therefore,  to  begin  the  study  of  Anatomy  by  a  short  preliminary 
survey  of  the  development  of  the  general  form  of  the  human  organism  from  the 
simple  egg  cell. 

Presegmentation  Changes. — The  later  stages  of  maturation  and  the  beginning  of 
segmentation  have  not  been  observed  in  the  human  ovum  ;  but  as  the  immature  egg  and  the 
later  stages  of  development  in  man  closely  resemble  the  corresponding  stages  of  these  in 
other  mammals,  it  is  reasonable  to  suppose  that  an  equal  similarity  exists  iu  the  intermediate 
conditions. 

The  cell-contents  of  the  maturing  mammalian  ovum  undergo  a  series  of 
karyokinetic  changes,  which  end  in  the  disintegration  of  the  germinal  vesicle, 
in  the  extrusion  of  small  spherules  (polar  bodies,  fig.  4),  and 
in  the  reconstruction,  from  the  material  around  the  remaining 
star,  of  a  single  nucleus  for  the  ripe  egg  (female  pronucleus). 

Fertilisation  of  the  ovum  takes  place  by  the  entry  of 
a  single  spermatozoon  (fig.  5)  into  the  yolk  and  the  fusion 
of  its  middle  piece  (m),  which  becomes  the  male  pronucleus, 
with  the  female  pronucleus.  The  new  nucleus  arising  from 
the  fusion  of  these  two,  together  with  the  whole  yolk  around 
it,  immediately  begins  to  undergo  change,  cleaving  into  two 
segments  or  blastomeres  (fig-  6,  a),  each  of  which  again 
subdivides  (6,  c,  d,  e)  repeatedly.  The  human  ovum  is  liolo- 
blastic,  i.e.,  the  entire  substance  takes  part  in  this  process, 
which  is  completed  in  about  four  days,  the  ovum  in  this 
stage  being  called  a  morula  (e).  The  segmentation-masses 
resulting  from  this  repeated  division  become  arranged  in 
two  series,  an  outer  layer  of  somewhat  cubical  cells  derived 
from  one  blastomere  (fig.  6,  a,  ect.)  surrounding,  except  at 
one  spot,  the  inner  mass  of  roundish  cells.  These  inner  cells 
at  first  fill  up  the  whole  cavity  within  the  outer ;  but  in 
process  of  growth  the  outer  lamella  or  ectoderm  (fig.  7,  ect.) 
expands  more  rapidly  than  the  inner  cell-mass  (fig.  7,  ent.), 
which  only  adheres  to  one  part  of  the  inner  surface  of  the 
external    lamella,    while    the    rest    of   the    space    around    it 

becomes  filled  with  fluid.      The   blastodermic  vesicle 

thus  formed  within  the  zona  pellucida  (fig.  7,  ~p. )  is  bounded 
consequently  by  a  single  layer  of  outer  cells,  except  at  one 
region  where  the  flattened  and  lenticular  inner  cell-mass  is 
attached. 

In  this  stage  the  ovum  represents  a  Mesozoan  organism  developed 
around  an  axis. 


Fig.  5. — Spermato- 
zoa—  (1)  human, 
seenfrom  the  side; 
(2)  on  edge ;  k, 
head  ;  f,  tail ;  e, 
terminal  fila- 
ment; (7)  sperma- 
tozoon of  wood- 
pecker. 
The  central  portion  of  the   inner  cell-mass  increases  in 

thickness,  owing  to  the  multiplication  of  its  cells,  and  appears  through  the 
outer  layer  as  an  opaque  blotch  (at  ent.  in  fig.  7).  This  embryonic  area  is  at  first 
roundish  in  outline,  but  afterwards  becomes  oval,  the  margin  of  the  inner 
stratum  around  it  remaining  as  a  single  layer  of  irregular  cells. 

6.  DIBLASTULA  STAGE.— Within  the  embryonic  area  a  further  re- 
arrangement of  elements  takes  place  a  few  days  after  fertilisation.  The  cells  of 
the  inner  mass  divide  into  two  layers — an  inner,  of  flattened  cells,  which  is 
called  the  liypoblast  (fig.  8,  hy.) ;  and  an  outer,  of  rounded  cells,  which  speedily 
fuses  with  the  overlying  lamella  of  outer  layer  cells,  forming  by  this  fusion  a 
stratum  of  columnar  cells  named  the  epiblast  (ep.). 

The  germinal  area  of  the  wall  of  the  blastodermic  vesicle  is  now  definitely 
bilaminar,  and  is  distinctly  marked  out  from  the  zone  surrounding  it,  in  which 
the  flattened  cells  of  the  outer  layer  overlie  a  stratum  of  irregular  cells  of  the 


6  BILATERAL   SYMMETRY. 

primitive  inner  »•<  1 1  mass.     The  res!   of  the  wall   of  the  blastodermic  vesicle 
consists  of  outer  layer  cells  alone. 

In  this  stage  the  ovum  is  comparable  with  the  simplest  Metazoa. 

7.  EARLIEST    TRACE    OF    BILATERAL    SYMMETRY.— A  few  Mays 
later  (prohably  about  the  seventh),  an  obscure  cloudy  spot  near  the  middle  of 


Fig.  6. — Cleavage  of  yolk — b,  four-celled  stage;  c,  eight-celled  stage;  d,  e,  many  blastomeres, 
showing  more  rapid  .division  of  outer-layer  cells,  and  gradual  enclosure  of  inner-layer 
cells ;  ect,  outer-layer  cells ;  ent,  inner-layer  cells ;  pgl,  polar  bodies ;  zp,  zona 
pellucida. 

the  now  pear-shaped  embryonic  area  marks  the  place  where,  in  the  more  slowly 
developing  embryos  of  lower  forms,  the  blastopore  or  primitive  orifice  of 
invagination  of  the  hypoblast  was   situated  (fig.   9,  upper  end  of  Pr).  ^  This 


Fig.   7. — Blastodermic  vesicle. 


Fig.  8. — Embryonic  area  of  wall  of  diblastula 
—  ep.,  epiblast  of  embryo;  ep'.,  epiblast  of 
the  area  space;  y.s.,  yolk-sac. 


indicates  that  although  these  stages  of  development  have  progressed  too  quickly 
to  allow  the  simple  gastrula*  stage  to  be  isolated,  yet  that  the  hypoblast  has 
been  produced  by  invagination.  From  the  blastopore  to  the  posterior  edge  of 
the  embryonic  area,  a  dark  line,  the  primitive  Streak  {Pr),  extends,  and  the 

*  The  gastrula  stage  is  that  in  which  the  embryo  consists  of  a  bilaminar  sac  opening  by  a 
single  mouth,  the  blastopore.  The  two  layers  of  the  wall  of  the  sac  are  epiblast  and  hypo- 
blast. The  gastrula  stage  of  the  embryo  resembles  the  permanent  condition  of  some  of  the 
lowest  Ccelenterate  animals. 


MESOBLAST. 


cells  of  the  epiblast  multiply  rapidly  along  this  line,  forming  marginai  lips, 
one  on  either  side  of  the  line.  These  unite  in  front  and  so  bound  a  groove ; 
hut  they  fade  off  behind  towards  the  edge  of  the  embryonic  area. 

This  streak  is  historically  interesting,  being  the  line  of  coalescence  of  the  two  approxi- 
mated borders  of  the  embryonic  area,  caused  by  the  shifting  of  that  area  inwards  from  the 
edge  of  the  blastoderm  where  it  was  originally  placed,  and  where  it  remains  in  some 
more  generalised  types  of  animals.  Its  foremost  extremity  corresponded  to  the  primitive 
blastopore,  or  opening  of  invagination  of  the  original  gastreal  cavity. 

8.  FORMATION  OF  MESOBLAST.— About  a  day  later  than  the  appear- 
ance of  the  primitive  groove,  two  faint  ridges  called  medullary  folds 
(lamince  dorsales)  appear  in  front  of  the  primitive  groove,  on  each  side  of 
the  middle  line.  The  furrow  included  between  them  is  called  the  medullary 
gTOOVe  (fig.  9,  R-),  and  is  floored  by  a  streak  of  epiblast  called  the  medullary 
plate.  The  medullary  folds  unite  in  front  of  the  medullary  plate,  at  the 
anterior  end  of  the  embryonic  area  and,  as  in  the  course  of  growth  they 
gradually  extend  backwards,  they  push  the  primitive  groove  to  the  hinder 
end  of  the  area,  where  it  finally  disappears  (fig.  9,  III.). 

Coincidently  with  the  formation  of  the  primitive  groove,  an  intermediate 
series   of  embryonic    cells   appears   between  the   epiblast   and  the    hypoblast. 


Fig.  9. — /. ,  Primitive  streak;  II.,  primi- 
tive streak  and  medullary  groove ;  ///.. 
later  stage  with  medullary  groove 
alone;    U.,  first  protovertebra. 


Fig.  10.  —  Sections  of  the  embryonic  area. 

These  cells  are  derived  partly  from  the  deeper  portion  of  the  epiblast  along 
the  whole  length  of  this  groove  (mesenchyma),  and  partly  from  the  outer 
surface  of  the  hypoblast  in  the  middle  line  at  the  front  end  of  the  groove 
(mesothelium).      The  layer  formed  by  the  union  of  these  two  sets  of  cells  is 

the  mesoblast. 

On  account  of  its  twofold  origin,  the  mesoblast  differs  at  different  points  in  the  median 
line  in  its  relation  to  the  other  layers.  The  hypoblast  is  free  from  the  combined  epi- 
and  mesoblast  along  the  primitive  streak  (fig.  10,  B),  while  at  its  front  end  where  the 
blastopore  was  situated  (C),  the  hypo-  and  mesoblast  are  united,  and  still  farther  forward 
in  the  region  of  the  medullary  groove,  the  hypo-  and  epiblast  are  medially  in  contact, 
separating  the  mesoblast  into  two  lateral  plates  (A).  These  various  relations  become 
intelligible  when  the  formation  of  the  mesoblast  is  observed  in  those  animals  which  pass 


8  PR0T0VERTEB1LE. 

through  these  stages  more  slowly,  and  in  which  the  mesothelial  portion  of  the  mesoblast 
arises  as  a  lateral  pair  of  outgrowths  from  the  hypoblast  close  to  the  orifice  of  the  blasto- 
pore. On  each  side,  the  mesoblast  grows  out  to  the  edge  of  the  embryonic  area  as  a 
distinct  layer  between  the  two  other  primary  lamella?. 

9.  THE  NOTOCHORD  AND  THE  BEGINNING  OF  METAMERISM.— 
I  li  i .  >  ath.  the  medullary  plate  a  long  rod  of  cells,  derived  from  a  median  axial 
longitudinal  fold  of  hypoblast  (fig.  n,  ax.hy),  separates  from  the  cells  on  each 
side  (hi/).  This  is  the  notOChOPd,  the  first  trace  of  the  axial  skeleton. 
At  this  stage,  that  part  of  the  mesoblast  of  the  embryonic  area  which 
lies  on  each  side  of  the  medullary  plate  (vertebral  zone,  fig.  9,  III.,  U.) 
becomes  separated  by  a  clear  marginal  line  from  the  outer  portion  of  the  area 
which  constitutes  the  lateral  zone  (lighter  in  colour  in  the  diagram,  and  in 


Fig.  1 1 .  — Formation  of  the  notochord  seen  in  transverse 
section — a.,  mesenteron  ;  b.c,  ccelom  (body-cavity)  ; 
ep.,  epiblast ;  hy.,  digestive  hypoblast;  n.p.,  neural 
plate;  so.m.,  somatopleure ;  sp.m.,  splanchnic  meso- 
blast. 


Fig.  12. — Diagram  showing  separa- 
tion of  lateral  from  vertebral 
zone,    and    six  protovertebral 

clefts. 


3M  m$ns^. 


fig.  12).  The  former  region,  soon  after  the  end  of  the  first  week,  becomes 
marked  by  transverse  lines  of  segmentation,  of  which  six  are  shown  in 
fig.  12:  the  first,  appearing  about  the  middle  of  the  embryonic  area,  cor- 
responds to  what  hereafter  is  to  be  the 
line  of  union  of  the  neck  and  head. 
Farther  back,  similar  clear  lines  appear, 
which  divide  the  mesoblast  of  the  verte- 
bral zone  on  each  side  of  the  medullary 
plate  into  a  succession  of  quadrate  seg- 
Fig.  13. — Diagram  of  transverse  section  of  ments,  called  protovertebrce.  The  front 
embryo—?*,    primitive    neural    caual,     or  head  region  is  composed  of  materials 

which  in  more  generalised  forms  consti- 
tute a  number  of  segments,  but  in  the 
human  embryo  these  do  not  become 
clearly  segmented.  This  region  is  at  first  disproportionately  long,  but  its 
preponderance  diminishes  as  the  hinder  part  of  the  body  elongates. 

Formation  Of  the  Ccelom.  —  Outside  the  vertebral  zone  the  mesoblast 
of  the  lateral  zone  divides  into  two  layers,  an  outer  (fig.  11,  so.m)  which  attaches 
itself  to  the  epiblast,  and  forms  with  it  the  primitive  body  wall  or  SOmatO- 
pleure,  and  an  inner  (sp.m)  which  adheres  to  the  hypoblast,  and  forms  with 
it  the  splanchnopleure,  which  is  to  be  hereafter  the  wall  of  the  digestive 
tube.  The  space  between  these  layers  is  the  C08lom  or  pleuro-peritoneal 
cavity  (b.c).  Processes  of  this  cavity  originally  extended  into  the  centre  of 
each  protovertebra,  but  these  are  early  shut  off  from  the  ccelom  (fig.  13,  b)  and 


with  notochord  below 
tebra ;  s,  somatopleure;  p,  splanchno- 
pleure ;  c,  body  cavity. 


ISOLATION    OF    THE    EMBRYO.  9 

are  soon  obliterated.  The  mesoblast  by  this  time  has  extended  beyond  the 
region  of  the  embryo  into  the  portion  of  the  blastoderm  immediately  around  it, 
and  terminates  at  an  equatorial  line  which  can  be  easily  traced. 

10.   ISOLATION  OF  THE  EMBRYO.— The  embryonic  area  is  at  first  an 
elongated,  slightly  raised,  opaque  region  on  the  surface   of  the  blastodermic 


W^gr^*.   Mad-fold. 
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Fig.  14.— Diagram  of  ovum,  showing  the  isolation  of  the  embryo—/.,  longitudinal 
section;  //.,  transverse  section. 

vesicle.  By  the  end  of  the  first  week,  it  becomes  isolated  by  the  development 
of  a  clear  line  around  its -margin;  and  a  crescentic  furrow  is  produced  by 
the  doubling  in  of  the  somatopleure,  and  rapidly  deepens  in  front  of  the 
expanding  anterior  end  of  the  medullary  plate,  distinctly  marking  off  the  head 
end  of  the  embryo  from  the  rest  of  the  blastoderm  in  front  of  it  (fig.  14,  /., 
Head-fold).  A  similar  groove  or  tail-fold  appears  at  the  hinder  end  of  the 
embryonic  area  (fig.  15),  which  is  soon  joined  to  the  head-fold  by  a  lateral  furrow 
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Fig.  15. — Embryo  still  farther  isolated — 
longitudinal  section— a,  alimentary 
area  ;  y,  yolk  sac. 
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16. — Diagram  of  transverse  section  of 
same  stage  as  fig.  15. 


alon"  each  side  of  the  body.  This  circumferential  tucking  in  of  the  somato- 
pleure  progresses  with  such  rapidity  that  by  the  time  the  protovertebrre  have 
increased  to  ten,  there  is  a  distinct  and  continuous  furrow  ai'ound  the  embryo, 
which,  in  consequence,  appears  joined  to  the  non-embryonic  part  of  the 
blastoderm  by  a  wide  although  gradually  narrowing  pedicle,  the  somatic 
stalk  (fig.  17).  At  a  later  stage,  when  it  has  attained  to  its  permanent 
external  form,  the  embryo  is  known  as  the  foetus. 

While  these  changes  are  in  progress,  the  splanchnopleure  becomes  also 
folded  in,  so  that  the  extra-embryonic  part  of  the  hypoblast  and  yolk  (the 
umbilical  vesicle,  y)  is  divided  off  from  the  embryonic  part  which  is  afterwards 
to  form  the  digestive  canal  (a).  The  folding  proceeds  more  rapidly  in  the 
splanchnopleure  than  in  the  somatopleure,  so  the  splanchnic  stalk  (s.s.)  soon 
becomes  a  very  narrow  pedicle. 

The  Amnion. — Outside  the  deepening  furrow  which  surrounds  the 
somatic  stalk,  a  lip  of  somatopleure  (figs.  15,  16,  17)  rapidly  rises  like  a  wall, 
and  converges  over  the   embryo  as   it  rises,  ultimately  roofing  it  in,  and  by 
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coalescing  over  it,  shutting  tip  the  embryo  in  a  closed  space.  This  lip  is  the 
amniotic  fold,  and  the  closed  space  around  the  embryo  is  the  amniotic 
Cavity"  (fig.  17),  which  contains  a  serous  fluid  of  fcctal  origin  (a  transudation 
from  the  amnion;  at  a  later  stage  supplemented  by  foetal  urine). 
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17. — Diagram  of  longitudinal 
section  of  later  stage,  in  which 
the  amniotic  folds  have  almost 
united  over  the  embryo. 


tf  oik  sac. 

Fig.  18. — Diagram  of  transverse  section  of  later 
stage  than  fig.  1 7. 


11.  THE  NEURAL  CANAL  AND  VERTEBRAL  COLUMN.— While  the 

embryo  is  being  separated  from  the  non-embryonic  part  of  the  developing  egg, 
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Fig.  19. — Diagram  of  anterior  end  of 
neural  canal — Abl,  optic  vesicle; 
H,  heart;  Mh,  wall  of  mid-brain; 
Vom,  omphalo-mesenteric  vein;  Uw, 
protovertebraa. 


Fig.  20. — Section  of  embryo,  showing  formation 
of  vertebral  body  around  the  notochord — esp, 
spinal  canal ;  nsp,  spinal  nerve  ;  wh,  body  of 
vertebra  forming  around  (c/i)  the  notochord ; 
nip,  muscle  plate ;  a,  aorta ;  p,  ccelom ;  bw, 
somatopleure. 


MUSCLE-PLATES.  I  I 

the  medullary  groove  undergoes  significant  changes.  The  front  end  of  the 
medullary  plate  has  dilated  (fig.  9,  III.,  and  fig.  12),  and  the  lips  of  the  groove 
rise  and  become  inflexed  (figs.  13,  16,  and  18),  so  that  ultimately  their  margins 
meet  and  coalesce  in  the  middle  line,  converting  the  groove  into  a  neural  canal. 
Closure  begins  in  that  region  of  the  dilated  front  part  where  subsequently  the 
mid-brain  is  to  be  developed,  and  extends  rapidly  both  forwards  and  back- 
wards, so  that  by  the  time  the  amniotic  folds  have  met  over  the  body  of  the 
embryo,  the  neural  canal  is  almost  completely  closed  in.  From  the  layer  of 
epiblast,  which  is  thus  shut  in  as  a  lining  for  the  canal,  the  central  nervous 
system  developes,  the  foremost  and  widest  portion  of  the  head  is  the  anterior 

brain  vesicle  (fig.  19,   Vh),  the  second  dilatation  is  the  middle  brain 

vesicle  (Mh),  while  the  long,  irregular  hindmost  enlargement,  occupying  the 
remainder  of  the  head,  is  the  posterior  brain  vesicle  (Ilh).  The  lining 
of  that  part  of  the  tube  behind  the  head  (Mr)  forms  the  spinal  marrow. 

The  Vertebrae  and  MuSCle-Plates. — The  axial  skeleton  and  the  primitive 
muscular  system  arise  from  the  protovertebra?.  Not  long  after  the  occurrence 
of  this  segmentation  (figs.  9,  U;  12;  13,  m;  and  19,  Uio)  the  lines  of  division  fade 
in  the  innermost  portion  of  the  chain,  so  that  the  tissue  on  each  side  of  the  noto- 
chord  appears  as  a  continuous  stripe.  This  extends  inwards  and  joins  its  fellow 
of  the  opposite  side,  both  above  and  below  the  notochord,  which  it  thus  encloses 
(fig.  20).  From  this  a  lamella  of  mesoblast  extends  into  the  wall  of  the  neural 
canal  for  its  entire  extent.  The  tissue  which  has  in  this  manner  formed  a 
complete  sheath  around  the  notochord,  begins,  before  the  end  of  the  first  week, 
to  undergo  a  secondary  segmentation  into  permanent  vertebrce,  the  new  planes 
of  division  not  coinciding  with  the  protovertebral  clefts,  but  being  inter- 
mediate, so  that  each  permanent  vertebra  is  made  up  of  the  contiguous  parts 
of  two  adjacent  protovertebra'. 

The  remaining  portion  of  the  chain  of  protovertebva',  which  lies  external  to 
this  foreshadowing  of  the  axial  skeleton,  still  retains  its  primitive  segmentation, 
and  to  each  of  its  segments  the  name  muscle-plate  is  given  (tig.  20,  mp).  K\  en 
as  late  as  the  commencement  of  the  secondary  cleavage  in  the  vertebral  column, 
these  still  retain  traces  of  the  primitive  bilaminar  arrangement  due  to  the 
original  upward  extension  into  them  of  the  cmlom  (fig.  13,  b).  The  cells  of  the 
layer  next  the  vertebral  column  (splanchnic  layer)  liecome  elongated,  and  they 
early  exhibit  contractility,  thus  becoming  primitive  muscular  tissue.  Those  of 
the  outer  or  somatic  layer  become  similarly  transformed  at  a  later  period.  As 
the  muscle-plates  preserve  the  original  segmentation  of  the  protovertebra1,  their 
planes  of  division  are  opposite  the  middle  of  the  bodies  of  the  permanent 
vertebrae,  and  the  laminae  of  clear  mesoblast  between  the  contiguous  proto- 
vertebra? become  changed  into  connective  tissue ;  so,  eventually,  the  muscular 
fibres  derived  from  one  protovertebra  become  joined  to  those  of  their  neighbour 
by  a  primitive  connective  intermuscular  septum. 

The  muscular  system,  like  the  skeletal,  primarily  consists  of  a  successive 
series  of  segments,  but  the  muscular  transformation  extends  into  the  mesoblast 
of  the  somatopleure  beyond  the  limits  of  the  muscle-plate,  and  gives  rise  to  the 
musculature  of  the  body-wall. 

12.  LIMBS. — On  each  side  of  the  embryo,  at  about  the  end  of  the  second 
week,  two  faint  rounded  ridges  appear,  which  soon  enlarge  into  four  round-edged 
flattened  lobes.  The  fore  pair  arise  opposite  the  7th,  8th,  and  9th  vertebra? ; 
the  hinder  opposite  the  2oth-25th,  and  both  consist  of  tissue  derived  from 
several,  probably  six  or  seven,  segments,  and  are  placed  opposite  the  level  of  the 
outer  edge  of  the  muscle-plate.  A  week  later,  these  lobes  have  become  sharply 
defined  in  front  and  behind  (fig.  21),  and  about  the  end  of  the  fourth  week  a 
flexure  or  joint  is  apparent  in  the  middle  of  each  limb  (4).     A  week  or  so  later, 
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the  free  extremity  shows  four  superficial  notches  (5),  which,  by  the  end  of  the 
seventh  week,  have  deepened  sufficiently  to  define  the  separate  fingers  and  toes. 


Fig.  21. — Outlines  of  fcetal  limbs  —  3, 
at  third  week ;  4,  at  fifth  week ; 
5,  at  end  of  seventh  week. 


Fig.  22. — Formation  of  blood-corpuscles  in  con- 
nective cells — r,r,  the  formed  corpuscles;  k,k, 
nuclei  of  the  vaso-formative  cell ;  a,  a,  pro- 
cesses which  ultimately  unite  to  form  capillaries. 


The  surfaces  of  the  primitive  limbs  are  at  first  dorsal  and  ventral,  and  their 
edges  are  directed  pre-  and  postaxially. 

13.    BLOOD    AND    BLOOD-VESSELS.— (A)    When  the    rising   of  the 
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Fig.  23. — Vascular  area.  The  veins  are  marked  in  outline,  and  the  arteries  are  black. — AA., 
2nd,  3rd,  and  4th  aortic  arches;  Ao.,  dorsal  aorta;  DC,  ductus  Cuvieri ;  H.,  heart; 
L.Of.A.,  left  vitelline  artery;  L.Of.,  left  vitelline  vein;  li.Of.,  right  vitelline  vein; 
R.Of.A.,  right  vitelline  artery;  S.CaV.,  superior  (ant.)  cardinal  vein;  S.V.,  sinus 
venosus;  S.T.,  sinus  terminalis. 


THE    HEART. 


amniotic  folds  (fig.  15)  separates  the  extra-embryonic  somatopleure  from  the 
splanchnopleure,  a  change  takes  place  in  the  disposition  and  structure  of  the 
cells  of  the  outlying  area  of  splanchnopleural  mesoblast.  These  become  grouped 
in  irregular  series  and  individually  vacuolated  (fig.  22).  When  the  vacuoles 
of  contiguous  cells  communicate,  there  is  produced  thereby  a  network  of  con- 
tinuous cavities.  In  these  vacuolated  cells,  portions  of  the  cell-substance  become 
detached,  and  assume  rounded  forms  and  a  reddish  colour,  thus  becoming 
embryonic  blood-corpuscles  (r). 

In  mammals,  the  primitive  corpuscles  are  formed  of  the  protoplasm  of  certain  cells,  rarely 
by  the  proliferation  of  nuclei,  as  in  the  bird. 

The  wall  of  the  vacuolar  network  becomes  more  definite,  and  some  cor- 
puscles become  adherent  to  it,  while  the  cell-substance  liquefies  around  the 
multiplying  corpuscles,  and  forms  a  viscid  fluid  or  plasma  in  which  they  float. 
The  united  cells  in  this  manner  become  a  tubular  system  of  anastomosing 
vessels,  filled  with  a  corpusculated  fluid.  This  change  involves  the  splanchno- 
pleural mesoblast  for  a  considerable  distance  outside  the  embiyo,  and  the 
surface  so  modified  is  called  the  vascular  area  (fig.  23).  Around  its  margin  a 
large  vein,  the  sinus  terminalis,  originates  (>S'. T.),  which  takes  a  nearly  circular 
course,  turning  inwards  anteriorly  on  each  side,  so  that  the  vascular  area  is 
here  indented  by  a  deep  bay. 

(B)  Heart. — Before  the  amniotic  folds  have  risen,  the  wall  of  the  splanch- 
nopleural mesoblast  near  the  border  of  the  parietal  zone,  on  each  side  of  the 
region  of  the  mid-brain,  becomes  folded  on  itself  to  form  a  deep  gutter  (fig. 
24,  It),  whose  open  border  is  directed  towards  the  hypoblast,  and  which 
subsequently  closes  and  becomes  a  tube. 


mes  fa 


Fig.  24. — Section  through  head  of  rabbit. 


Fig.  25. — Heart  groove  more  highly  magnified. 


This  may  be  regarded  as  a  subdivision  of  the  ccelom  into  two  parts,  a  hsemOCCelom  or 
vascular  system,  and  a  metaccelom,  the  remaining  part  of  the  body  cavity. 

As  the   splanchnopleure  becomes  folded    inwards   to  form  the  splanchnic 
stalk,  the  front  ends  of  these  two  ha?rnocoelomic  tubes  are  folded  in  towards 


Neural  tube. 
Mesoblast 
Somatopleure. 
Cardiac  tube. 
Splanchnopleure. 


Aorta. 
Splanchnopleure 

Somatopleure. 
Cardiac  wall. 

Fig.  26.— Convergence  of  the  two  heart  tubes.  Fig.  27.— Coalescence  of  the  heart  tubes. 

each  other  (fig.  26),  and  they  ultimately  come  in  contact  in  the  medio-ventral 
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line  of  what  is  to  be  hereafter  the  throat  of  the  embryo,  in  front  of  the  splanch- 
nic stalk  and  below  the  pharynx.  These  tubes  then  coalesce  (fig.  27),  and 
form  a  single  sinuous  tube,  the  primitive  heart  (fig.  23,  //.),  which  receives 
the  blood  from  the  sinus  terminalis  and  other  vessels  from  the  vascular 
area  through  a  short  trunk  on  each  side,  the  omphalomesenteric  vein  (fig. 
19,  Vom).  From  the  front  end  of  this  primitive  heart  (fig.  28)  there  pass 
several  (live)  pairs  of  tubes,  the  aortic  arches,  which  loop  around  the 
front  end  of  the  hypoblast,  and  unite  posteriorly  on  each  side  into  a  trunk, 
the  dorsal  aorta,  which  runs  tailward,  giving  off  branches.  The  two  dorsal 
aortse  ultimately  coalesce  into  one  median  trunk. 

The  larger  vessels  begin  as  solid  cords  of  mesoblastic  cells,  whose  central  core  becomes 
hollowed  by  vacuolation. 

The  vascular  system  is  the  first  of  the  newly  formed  parts  to  take  on  its  duties,  as  it 
becomes  functional  as  soon  as  it  is  formed.  The  blood-corpuscles  oscillate  in  the  vessels 
shortly  after  their  first  appearance,  and  the  heart  begins  to  contract,  even  before  its  cells 
have  assumed  the  distinctive  appearance  of  muscle. 

14.  DIGESTIVE  ORGANS.— (A)  That  portion  of  hypoblast  which  is  in- 
cluded in  the  body  of  the  embryo,  assumes  a  tubular  form  in  front  and  behind 
the  splanchnic  stalk.  The  anterior  part  ends  blindly  a  little  in  front  of  the 
heart,  extending  into  the  mesoblast  of  the  neck,  which  has  not  participated  in 
the  cleavage  into  splanchno-  and  somatopleure.     From  each  side  of  this  foremost 
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Fig.  28. — Primitive  heart  and 
aortic  arches. 


Fig.  29. — Diagram  of  digestive  canal  of 
embryo— lateral  view. 


end,  four  small  visceral  pouches  (1,  2,  3,  and  4,  fig.  29)  extend  through 
the  imcleft  mesoblast  to  the  lateral  epiblast,  the  foremost  becoming  perforated 
at  its  fundus,  and  thereby  this  region  of  the  hypoblast  (pharynx)  communi- 
cates with  the  outer  surface  by  a  pair  of  visceral  slits.  The  preaxial  edge 
of  these  visceral  slits  and  of  the  fundus  of  each  visceral  pouch  thickens  and 
becomes  prominent  as  a  visceral  fold.  That  of  the  first  cleft  reaches  nearly 
across  the  middle  line,  forming  the  mandibular  fold,  the  second  is  smaller, 
the  third  still  less.  The  fourth  pouch  is  of  small  size,  and  has  a  small 
fifth  visceral  fold  along  its  postaxial  border.  The  front  end  of  the  coelom 
extends  forwards  for  some  little  distance  under  the  pharynx,  though  not  on 
its  sides,  and  the  several  aortic  arches  arising  from  the  heart  traverse  this 
space  and  enter  the  uncleft  mesoblast  of  the  visceral  folds. 
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From  the  ventral  surface  of  the  pharynx  opposite  the  second,  third,  and 
fourth  visceral  pouches  respectively  there  arise  three  outgrowing  pouches,  the 
foremost  giving  origin  to  the  thyroid  body,  the  middle  to  the  thymus, 
and  the  hindmost,  which  from  its  beginning  consists  of  two  small  budding 
tubes,  to  the  lung's  (fig.  29). 

The  tube  of  hypoblast  on  the  dorsal  side  of  the  heart  remains  narrow  and 
forms  the  GBSOphag'US  or  gullet.  On  the  postaxial  side  of  the  heart 
the  hypoblast  expands  to  form  the  stomach  (sm.),  behind  which  is  a  short 
fore-g"Ut,  which  ends  at  the  attachment  of  the  splanchnic  stalk  (whose 
expansion  is  represented  as  cut  in  the  diagram  where  it  joins  the  yolk  sac, 
and  from  whose  upper  end  or  duodenum  the 
liver  and  pancreas  arise  as  outgrowths. 
Below  the  region  of  the  splanchnic  stalk,  the 
hypoblast  is  also  tubular,  forming  the  ter- 
minal part  of  the  intestine,  which  inferiorly 
shows  a  trace  of  its  prolongation  into  the 
neurenteric  Canal  which  communicated  with 
the  obliterated  blastopore  below  and  with  the 
central  canal  (C.C.)  of  the  spinal  cord  dorsally; 
but  this  post-anal  gut  speedily  vanishes,  leaving 
the  intestine  closed  behind. 

(B)  Proetodaeum. — A  pit-like  invagin- 
ation, the  proetodaeum  (fig.  29),  lined  by 
epiblast,  extends  inwards  from  the  surface 
beneath  the  tail  fold  opposite  the  blind  end  of 
the  hypoblast,  into  which  its  fundus  ultimately 
opens,  thus  making  the  anal  Opening".  In 
cases  where  the  proctodeum  is  undeveloped 
or  misses  the  hypoblast,  the  foetus  presents  the 
condition  of  imperforate  amis,  which  at  birth 
requires  surgical  treatment.  In  such  cases 
a  weak  cord,  the  obliterated  post-anal  gut,  is 
often  recognisable,  and  is  sometimes  sufficiently  distinct  to  ba  a  useful  guide 
to  the  surgeon. 

(C)  Stomodasum. — A  similar  but  deeper  invagination  of  epiblast,  the 
StomodaBUm,  is  pushed  in  anteriorly  in  the  middle  line  below  the  anterior 
brain  vesicle  (represented  by  a  dotted  line 
in  fig.  29),  and  in  front  of  the  first  visceral 
fold.  It  reaches  the  ventral  surface  of  the 
pharyngeal  region  of  the  hypoblast,  above 
which  its  fundus  is  prolonged  to  terminate 
beneath  the  middle  brain  vesicle  (m).  On 
the  absorption  of  the  partition  between  the 
stomodseum  and  the  pharynx,  the  anterior 
end  of  the  digestive  canal  communicates 
with  the  surface  by  the  mouth  cavity. 

15.  THE  HEAD  AND  FACE.— The  wall 
of  the  cerebral  vesicles  consists  from  without 
inwards  of  an  external  layer  of  epiblast,  a 
middle  layer  of  mesoblast,  and  an  included 

layer  of  epiblast.     From  the  two  outermost  are  derived  the  scalp  and  skull, 
from  the  innermost  the  tissues  of  the  nervous  system. 

The  anterior  brain  vesicle  (fig.  30,  v)  becomes  acutely  bent  downwards 
and  forwards  around  the  front  end  of  the  notochord,  which  here  terminates 


—Profile  outline  of  embryo 
rabbit  of  ten  days  x  10 — a,  eye; 
at,  primitix  e  auricle  of  the  heart ; 
b,  aortic  bulb;  k',  h",  /.'", 
1st,  2nd,  and  3rd  visceral  arches; 
m,  mouth;  o,  maxillary  loin-  of 
the  right  side;  m,  mandibular 
lobe  ;  v,  ventricle  of  the  heart. 


Fig.  31. — Facial  processes  of  fcetus  of 
the  fourth  week. 
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beneath  the  floor  of  the  middle  vesicle  (s).  Owing-  to  this  anterior  cranial 
flexure,  the  middle  vesicle  becomes  topmost  in  the  head.  In  the  middle  of 
the  posterior  vesicle  a  second  or  Varolian  flexure  appears  (on  the  level  of 
h');  and,  a  little  later,  a  third  or  cervical  flexure  (on  the  level  of  h'")  marks 
the  limit  between  the  hindmost  vesicle  and  the  spinal  cord. 

At  the  end  of  the  third  week,  three  deep  pits,  lined  by  epiblast,  become 
depressed  on  each  side  of  the  head,  and  ultimately  come  in  contact  with 
outgrowths    from    the    developing    brain,    and  thus    give    rise    to   the    organs 


Fig.  32. — Hare-lip  on 
the  left  side. 


Fig.  33. — Fcetal  head,  nearly  four  weeks 
old,  cut  through  the  stomodseum. 


of  special  sense.  The  hindmost  forms  the  auditory  vesicle  at  the  level 
of  the  front  of  the  hindmost  brain  vesicle,  and  above  the  base  of  the  first 
visceral  slit  (between  k'  and  h").  The  second  or  optic  vesicle  («)  is  in 
front  and  above  the  opening  of  the  stomodseum  {at,  m),  and  the  third  or  nasal 
Vesicle  (fig.  31,  n)  is  farther  forward,  close  to  the  middle  line,  and  at  first 
united  to  the  stomodanun  by  deep  furrows  ;  hence  the  border  of  the  head, 
which  forms  the  upper  edge  of  the  oral  invagination  below  the  anterior 
brain  vesicle,  presents,  at  the  fourth  week,  five  marginal  facial  processes. 
The  central  of  these  is  the  single  fronto-nasal  process  (fig.  3.1,  np),  which 

is  separated  on  each  side  from  the 

lateral  nasal  process  (l.n)  by 

the  nasal  invagination  (11).  Ex- 
ternal to  the  lateral  nasal  process 
is  the  ocular  invagination  (e),  at 
the  outer  and  inferior  border  of 
which  an  outgrowth  from  the  man- 
dibular fold,  the  maxillary  pro- 
cess (x),  grows  forward  (fig.  33), 
separating  the  ocular  invagination 
from  the  stomodseum.  '  As  it  ex- 
tends, its  inner  edge  touches  and 
coalesces  with  the  outer  side  of 
the  fronto-nasal  process,  making 
thereby  a  continuous  upper  lip  for 
the  aperture  of  the  mouth  (fig.  34). 

Failure  of  this  fusion  constitutes  the  malformation  called  hare-lip  (fig.  32). 

The  union  of  the  lateral  nasal  and  fronto-nasal  processes  internally  com 
pletes  the  edge  of  the  anterior  opening  of  the  nostril,  while  the  thickening  of 
these  processes  forms  the  nose.  The  lower  edge  of  the  oral  invagination  is 
made  by  the  mandibular  fold  (inn),  which  lies  in  front  of  the  first  visceral  cleft, 
and  in  which  the  lower  jaw  is  subsequently  formed.  These  partitions  between 
the  nasal  invagination  and  the  mouth  are  at  first  superficial,  but  an  ingrowing 
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Fig.  34. — Fcetal  head  of  five  weeks  similarly  cut — 
a,  anterior  brain  vesicle ;  f,  union  of  fronto- 
nasal and  lateral  nasal  processes  above,  projecting 
to  form  the  nose ;  c,  cut  basis  of  mandibular 
fold. 
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process  from  the  maxillary  process  on  each  side  (fig.  33,  Pal.)  eventually  extends 
inwards  like  a  shelf  to  meet  its  fellow  of  the  other  side  (fig.  35,  p)  medially  and 
the  vertical  septum  which  grows  down  from  above  (fig.  35,  s),  and  these  shut 
off  the  nasal  fossae  and  complete  the  roof  of  the  mouth  (c). 

Failure  in  the  development,  or  want  of  median  union  of  these  partitions,  produces  the 
malformation  called  cleft  palate.  The  hinder  extension  of  the  middle  nasal  process,  which 
takes  part  in  the  formation  of  the  palate  (fig.  34,  p),  is  the  preniaxillary  process. 

16.  UROGENITAL  APPARATUS.— Before  the  appearance  of  the  limbs 
a  long  row  of  cells  (seen  in  section  in  fig.  36  at  iv.d.)  becomes  differentiated  on 
each  side,  close  to  the  outer  border  of  the  muscle- 
plate  (m.s.),  and  on  a  plane  between  the  aorta  (ao.) 
and  the  cardinal  vein  (ca.v.),  as  a  cord  which  extends 
for  almost  the  whole  length  of  the  body,  ending  be- 
hind at  the  level  of  the  proctodeum.  This  is  at  first 
solid  (fig.  13,  iv),  but  soon  becomes  tubular,  developing  a 
lumen.  From  comparison  with  corresponding  structures 
in  lower  animals,  this  can  be  identified  as  the  meSOne- 
phric  or  Wolffian  duct,  the  duct  of  a  middle  system 
of  segmental  tubes  (fig.  20,  ng).  In  the  mesoblast  of 
the  intermediate  cell-mass  between  the  muscle-plate, 
the  aorta  and  the  mesothelium  of  the  coelom  (s.p.), 
secondary  cords  (becoming  tubular)  develope  around  this 
tube  (s.t.)  nearly  at  right  angles  to  the  longitudinal 
duct,  and  with  their  inner  extremities  at  first  attached 
to  the  mesothelium.  These  are  the  mesonephric 
tubules,   and  collectively  form  the  Wolffian  body. 

A  second  tube,  the  pronephric  or  Mullerian  duct, 

beginning  as  a  column  of  cells  in  contact  with  the 
wall  of  the  Wolffian  duct,  appears  a  little  later  (tig. 
37,  /.,  31),  and  like  the  mesonephric  duct  ( W),  is  con- 
tinued backwards  to  open  into  the  proctodaaum  (<S)  in 
the  female  (//.,  fig.  37),  while  in  the  male  it  remains 
rudimentary  and  nearly  vanishes  (III.,  h).  ISo  traces 
of  pronephric  or  anterior  segmental  tubules  have  been 
found  in  the  human  embryo. 

About  the  fourth  week  the  ureter  arises  as  a 
diverticulum  from  the  postaxial  part  of  the  meso- 
nephric duct,  and  extends  forwards  into  the  tissue  at 
the  postaxial  end  of  the  intermediate  cell-mass, 
wherein  tubules  form,  some  of  which  are  outgrowths 
from  the  ureter.  The  whole  mass  of  tissue  around  the  end  of  the  diverticulum 
becomes  condensed  into  an  ovate  mass,  the  metanephros  or  kidney,  whose 
shape  and  structure  become  apparent  before  the  beginning  of  the  third  month. 

The  urogenital  system  consists  of  specialised  segmental  tubes  derived  from  the  metameric 
excretory  system  of  a  simpler  ancestral  form,  which  consisted  of  a  successive  series  of  tubes 
that  opened  from  the  ccelom  on  the  surface  of  each  metamere.  The  tract  of  surface  whereon 
they  opened  has  become  first  a  groove,  and  finally  a  canal ;  hence,  the  primitive  main  duct 
is  probably  epiblastic  in  origin,  while  the  tubules  are  mesoblastic. 

17.  FCETAL  MEMBRANES.— (A)  Allantois.— From  the  postaxial  end  of 
the  ventral  surface  of  the  splanchnopleure,  a  narrow  process  of  mesoblast  grows 
downwards  at  the  back  of  the  splanchnic  stalk  (fig.  29).  A  very  small 
outgrowth  of  the  hypoblast,  with  an  inappreciable  cavity,  extends  into  this 
(fig.  38,  c) ;  but  the  chief  mass  of  the  outgrowth  is  mesoblastic.     This  process, 
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Fig-  35- — Coronal  sections 
through  nasal  fossae 
showing  successive  stages 
of  closure  of  the  com- 
munication between  the 
nasal  fossa?  and  mouth, 
and  of  the  nasal  fossa?  of 
the  two  sides  by  the  down 
growth  of  the  septum,  s, 
and  the  ingrowth  of  the 
palatine  shelf  of  the  max- 
illary process,  p. 
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which  is  named  the  allantois,  extends  into  the  hinder  part  of  the  elevated 
fold  of  the  amnion.     We  have  already  seen  that  the  amniotic  folds  rise  and 


Fig.  36. — Transverse  section  of  duck  embryo,  showing  formation  of  Wolffian  duct — 
am.,  Amnion;  ch.,  notochord  ;  liy.,  hypoblast ;  so. ,  somatopleure  ;  sp.,  splanchnopleure  ; 
sp.c,  spinal  cord;  sp.g.,  spinal  ganglion ;  s.t.,  segmental  tube ;  w.d.,  Wolffian  duct. 

coalesce  around  the  embryo   (figs.   15,   17,  and   18),  and  that  the  inner  layer 
is   named    the    true    amnion,    and    is    continuous    with  the    edges    of   the 


Fig-  37- — Diagram  of  components  of  the  urogenital  apparatus. — I.  Undifferentiated  condi- 
tion— D,  reproductive  gland  ;  W,  Wolffian  duct ;  M,  Mullerian  duct ;  S,  urogenital 
sinus.  77.  Transformations  in  the  female — F,  fimbria  with  the  hydatid,  ti;  T,  Fallopian 
tube  with  its  terminal  hydatid,  h' ;  U,  uterus ;  S,  urogenital  sinus  ;  0,  ovary ;  P, 
parovarium.  77/.  Transformations  in  the  male — H,  testis ;  E,  epididymis  with  the 
hydatid,  h ;  a,  vas  aberrans  ;  V,  vas  deferens ;  S,  urogenital  sinus ;  u,  male  uterus. 
4.  d,  hind-gut ;  a,  allantois ;  u,  urachus ;  K,  cloaca.  5.  M,  rectum ;  m,  perinreum ; 
b,  position  of  bladder ;  S,  urogenital  sinus. 

somatopleure.     This  consists  of  epiblast  and  a  thin  layer  of  mesoblast.     The 
outer    layer    or    false    amnion,    which    is    now    separated    frorii    the    true 
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Fig.  38. — Diagram  showing  formation 
of  the  allantois. 


amnion,  and  which  has  coalesced  below  with  the  epiblastic  capsule  of  the 
umbilical  vesicle,  consists,  for  most  of  its  extent,  of  little  else  than  epiblast, 
and  is  called  the  subzonal  membrane  (fig.  38,  sz),  because  it  lies  inside  the 
villous  outer  envelope  of  the  egg,  the  zona  radiata  (fig.  14).  Into  the 
space  between  the  true  amnion  and  the 
subzonal  membrane,  the  solid  extension 
of  the  allantois  projects  and  expands  be- 
neath the  subzonal  membrane,  uniting  with 
it  to  form  an  outer  composite  membrane, 
the  chorion  (fig.  39,  ch).  The  allantois 
carries  with  it  two  large  arteries  from  the 
lower  division  of  the  aorta,  and  returns  its 
blood  by  two  allantoic  veins,  one  of  which 
becomes  subsequently  obliterated.  Branches 
of  these  vessels  spread  in  the  chorion,  and 
extend  into  the  villi  (fig.  38,  ^;c),  which 
clothe  its  surface. 

(B)  Decidlia. — The  mucous  membrane 
lining  the  uterus  (fig.  39,  ti)  or  maternal 
cavity  of  the  parent,  when  it  is  occupied 
by  a  developing  embryo,  becomes  thickened 
and  increases  in  vascularity,  and  as  the 
inner  layer  of  this  membrane  is  shed  with  the  foetus  at  birth,  this  layer 
receives  the  name  decidlia.  The  thickening  of  the  mucous  membrane  is 
greatest  in  that  area  which  comes  in  contact  with  the  chorion  at  the  region 
of  attachment  of  the  stalk  of  the  allantois.  In  this  area  the  membrane  is 
called  the  decidlia  serotina  (fig.  39,  d.s.).  Folds  of  the  mucous  membrane 
project  from  the  edges  of  the 
d.  serotina,  and  closely  invest 
the  rest  of  the  chorion,  forming 

the   deeidua  reflexa   (d.r.), 

while  the  rest  of  the  membrane, 
separated  from  the  chorion  by 
these  folds,  is  the  deeidua 
Vera  (du.).  The  long  and 
branched  villi  clothing  the 
chorion  are  at  first  generally 
distributed  over  almost  its 
whole  surface  (z) ;  but  the 
increasing  growth  of  the  fcetus, 
and  the  increasing  amount  of 
fluid  in  the  amniotic  cavity, 
press  this  layer  outwards  and 
interfere  with  the  growth  of 
its  vessels,  so  that  the  villi  soon 
become  restricted  to  the  area 
opposed  to  the  deeidua  serotina, 

which  is  called  chorion  fron- 

dOSUm  (z),  and  atrophy  else- 
where, leaving  the  rest  of  the 
chorion  bare  (chorion  lajve,  ch.).  The  villi  of  the  chorion  frondosum  be- 
come complexly  branched,  and  sink  into  the  irregularities  of  the  surface  of  the 
uterine  mucous  membrane,  becoming  inseparably  connected  with  the  deeidua 
serotina,   and  forming    by    this   fusion   a   solid    cake-like   vascular   mass,   the 


Fig  39- — Diagram  of  the  fcetus  and  its  membranes  in 
situ — al.,  allantoic  stalk  (urachus) ;  am.,  amnion; 
c,  cervix  uteri;  ch.,  chorion;  I,  Fallopian  tube; 
nb. ,  yolk-sac ;  z,  foetal  villi  of  the  true  placenta. 
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placenta,  which  thus  consists  of  two  elements,  foetal  and  maternal,  and  in 
which  the  maternal  hlood  of  the  decidua  by  transudation  contributes  nourish- 
ment to  the  vessels  of  the  allantois,  and  thence  to  the  foetus.  Ultimately 
the  chorion  lseve,  decidua  reflexa,  and  d.  vera,  unite  over  the  remaining 
surface  around  the  placenta,  and  form  one  indivisible  "  membrane  of  the 
foetus." 

18.  THE  FOETUS. — While  these  changes  of  envelope  are  taking  place,  the 
splanchnic  stalk  narrows  to  a  rudiment,  the  omphalic  pedicle,  and  the  somatic 
stalk  has  contracted  to  form  the  umbilical  cord  (a.l),  which  contains  this  pedicle 
and  the  allantoic  or  umbilical  vessels  (now  enormously  enlarged,  and  spirally 
twisted  around  each  other).  The  allantoic  tissue  around  them  has  become 
mucous  tissue,  the  jelly  of  Wharton,  and  the  cord  now  serves  as  the 
channel  for  the  nutrition  of  the  foetus ;  its  impure  blood  passing  by  the 
umbilical  arteries  to  the  placenta,  and  the  purified  blood  returning  therefrom 
by  the  umbilical  vein.  At  the  period  of  birth  this  cord  averages  50  cm. 
in  length,  12  mm.  in  thickness;  it  is  invested  by  a  sheath  of  amnion,  and 
breaks  with  a  weight  of  5  kilograms. 

The  human  placenta,  like  that  of  the  catarrhine  monkeys,  is  derived  from  that  part  of  the 
expanded  allantois  which  is  opposite  the  ventral  surface  of  the  foetus.  To  this  type  of 
placenta  the  name  metadiscoidal  is  applied. 

This  short  sketch  of  the  evolution  of  the  external  form  and  principal  systems  of  the  fcetus 
will  serve  as  a  useful  introduction  to  the  detailed  examination  of  the  structure  of  the  adult. 
The  rate  of  growth  of  the  fcetus  is  even  more  liable  to  vary  than  that  of  the  adult,  but  the 
average  dimensions  at  different  periods  are  as  follows  : — 

Table  showing  Rate  of  Growth  of  Fcetus. 


Sixth 
Week. 

Second 
Month. 

Third 
Month. 

Fourth 
Month 

Fifth 
Month. 

Sixth 
Month. 

Seventh 
Month. 

Eighth 
Month. 

Ninth 
Month. 

Length  in  cm.,  crown  to  heel, 

7 

16 

22 

27 

30 

42 

47 

51 

,,      of    vertebral 
column,    . 

2T 

2-9 

4 

6-6 

IO'2 

11  -o 

I  2 '4 

15-0 

18-4 

,,      of    arm,    shoulder 
to  mid-finger,    . 

•80 

2 

4-5 

8-5 

IO5 

13-5 

14 -o 

15-0 

16-5 

,,      of   leg    and    foot, 
ilium  to  heel,    . 

70 

175 

4-5 

6 

II'O 

12-5 

12-9 

l6-2 

17-2 

,,      of    head,    occ- 
frontal,     .     .     . 

IT 

2'0 

3-0 

3-8 

6-o 

7 '5 

8-4 

9'5 

io-8 

Weight  of  foetus  in  kilos., 

•OO4 

"02 

•13 

•28 

•63 

I  "2 

i-8 

2-25 

3-15 

Gestation  is  completed  and  birth  takes  place  usually  at  the  end  of  2S0  days. 
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19.  THE  TISSUES  which  make  up  the  human  body  may  be  grouped  into 
five  classes— i st,  epithelial,  or  surface-limiting;  2nd,  connective,  or  skeletal; 
3rd,  nePVOUS,  or  sensory;  4th,  niUSCUlaP,  or  contractile;  5th,  blood  and 
lymph,  or  nutritive. 

20.  EPITHELIUM.— This  is  the  most  archaic  of  tissues,  being  descended 
with  but  little  modification  from  the  primary  layers  of  the  developing  ovum. 
It  consists  of  cells  placed  side  by  side 
so  as  to  form  continuous  lamella? ; 
these,  by  clothing  every  free  sur- 
face in  the  body,  prevent  the  escape 
of  lymph,  impart  smoothness,  fur- 
nish protection  to  underlying  parts, 
and  in  some  situations  are  modified 
so  as  to  become  the  instruments  of 
secretion  or  of  sensation.  The  cells 
are  nucleated,  invested  with  a  cell- 
wall,  and  have  neither  lymph-  nor 
blood-vessels  between  them,  and 
scarcely  any  intercellular  substance. 
They  are  usually  placed  on  the  sur- 
face of  a  basement  membrane  (fig. 
41,  a),  beneath  which  blood-vessels 
and  lymph  paths  are  abundant. 
While  in  many  situations  epithe- 
lium is  highly  metabolic,  short-lived, 
and  rapidly  renewed,  in  others  the 
protoplasm  is  largely  converted  into 
metaplastic  material,  such  as  eleidin,  keratin,  Arc. :  the  cells  in  consequence 
are  low  in  metabolism  and  vitality,  and,  therefore,  almost  permanent. 

Being  exposed  to  so  many  diverse  conditions,  epithelial  cells  present  a 
corresponding  variety  of  form.  They  are  flat,  and  in  a  single  lamella,  united  by 
thin  edges  when  required  only  to  limit  lymph  spaces 
(fig.  40).  They  are  arranged  in  successive  stn 
with  flattened  superficial  cells,  when  on  surfaces  ex- 
posed to  vei'tical  pressure  (fig.  47);  thicker  and  column- 
like when  lining  canals  which  are  liable  to  vary  in 
calibre  (fig.  41).  The  general  conditions  modifying 
the-  cells  are — superficial  pressure,  lateral  tension, 
rate  of  metabolism,  and  the  nature,  amount,  and 
direction  of  flow  of  the  material  habitually  in  contact 
with  their  free  surface.  However  much  modified, 
nearly  all  epithelial  cells  agree  in  essential  characters, 
such  as  the  presence  of  the  large  regular  oval  or 
rounded  nucleus,  and  the  disposition  of  the  nuclear 
and  extra-nuclear  network. 


Fig.  40.- 


-Pavcment  epithelium  in  air- 
vesicle  of  lung. 


Fig.  41. — Cubical  epithelium 
in  the  acini  of  the  mam- 
mary gland  —  a,  mem- 
brana  propi'ia;  b,  epithe- 
lium. 


21.  GLANDS. — The  protoplasm  of  certain  epithelial  cells  possesses  the 
property  of  secretion.  When  provided  with  abundant  nutriment,  the  molecules 
of  protoplasm  in  the  cell  construct  some  protoplasm-derivative,  correlated  to 
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the  conditions  of  the  surface  with  which  they  are  connected ;  and  this  is  given 
out  by  exudation  or  rupture,  on  the  application  of  some  stimulus.  To  favour 
the   nutrition   and    consequent    metabolism    in   seci-eting  cells,  as   well  as  to 


convoluted 
tube. 

neck  of 
tube. 


Fig.  42. — A,  Epithelium  from  the  surface     Fig.  43. — Diagrams  of  different  kinds  of  glands — 
a  villus  in  the  jejunum  ;b,  replacement  A,  scheme  of  skin;  ep,  epidermis;  d,  cutis,  with 

cells.  capillary    (c) ;     B,     simple    gland    with    blood- 

vessels; C,D,  more  complex  glands;  E,  compound 
gland  (omitting  blood-vessels). 

increase  the  area  for  their  reception,  they  are  usually  arranged  on  the  walls 
of  pits  or  depressions  below  the  level  of  the  general  surface.  Such  cells 
are   called   gland   cells,    and   the   organs   of  which   they  are  the  functional 

elements  are  called  glands.     Glands  are  classified 
according  to  the  complexity  of  their  organisation. 

1.  Unicellular. — When  single  secreting  cells 
are  scattered  in  the  epithelium  of  a  continuous 
surface,  we  may  regard  them  as  unicellular  glands. 
Of  this  sort  are  those  mucus-secreting  cells  (fig.  42, 
c),  which  are  found  scattered  among  the  columnar 
cells  («)  in  the  wall  of  the  intestine,  in  which 
the  superficial  part  of  the  cell  becomes  charged 
with  mucus,  distending  it,  and  pushing  the  nucleus 
and  shreds  of  unaltered  protoplasm  to  the  foot 
of  the  cell,  which  is  often  constricted  to  a  stalk. 
When  such  a  cell  ruptures,  it  appears  somewhat 
wine-glass  shaped,  and  is  called  a  goblet  cell. 

It  is  difficult  to  determine  whether  these  cells  rupture 
during  life  or  not,  and  how  far  the  goblet  form  is  a  2>ost- 
mortem  appearance  due  to  reagents. 
fete 

2.  Simple  Tubular  Glands.— Simple  pits  lined 

by  gland  cells  (fig.  43).  These  tubes  may  be  (1) 
straight,  as  in  the  peptic  glands  of  the  stomach 
(fig.  43,  B);  (2)  coiled,  as  the  sweat  glands  (fig. 
160);  (3)  acinous,  in  which  the  tube  ends  in  a  sac 
(acinus),  to  which  the  gland  epithelium  is  limited, 
as  in  the  sebaceous  glands  of  the  skin  (C,  D). 
Racemose  Glands  (E)  are  those  in  which  the  gland -tube  is  branched, 


Fig.  44. — Convoluted  tube  of 
testis  opening  into  straight 
tube. 


COMPOUND    GLANDS. 
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and   each   branch  ends  in  an  acinus.      In  these  the  function  of  secretion  is 
limited  to  the  acinus,  and  the  tube  or  duct  which  conveys  the  secretion  out  of 

capillary  bile  ducts. 
[■bill 


..■  blood- 
vessel. 


nucleus  of       bile  duct, 
liver  cell. 

Fig.  45. — Diagram  of  finest  ducts  of  the  liver. 

the  gland  is  lined  by  less  metabolic  cells.     Racemose  glands  may  be  simple, 

such  as  the  Meibomian  glands  of  the  eyelids,  or  compound,  as  the  lachrymal, 

salivary,  or  pancreatic  glands  (E). 

4.  Compound  Tubular  Glands.— In  these  the  secretory  surface,  instead 

of  being  consolidated  into  acini,  is  extended  to  form  a  series  of  very  elongated, 

often  branching,  tubes,  united  by 
vascular  connective  tissue.  The 
kidney  and  testis  (fig.  44)  are  ex- 
amples. 

5.    Lobular    Glands.  —  The 

most  complex  gland  in  the  human 
body,  the  liver,  although  tubular 
in  its  earlier  stages,  loses  that  char- 
acter in  the  course  of  development, 
owing  to  the  overgrowth  of  the 
cell-masses,  and  ultimately  consists 
of  lobular  clusters  of  gland  cells, 
between  which  are  tubular  inter- 
cellular passages  which  form  the 
radicles  of  the  ducts  (fig.  45). 


To  the  ducts  of  some  glands,  reser- 
voirs  are  appended  for   the  temporary 
reception  of  their  secretions ;    the  gall- 
ic      /-      /-<  1  •     ,      -i,    ,■  r      1  -,,  ,  bladder  and  vesiculae  seminales  are  ex- 
Fig  46.  -Cubical  epithelium  of  submaxillary  gland.  leg     These  are  periodically  emptied 
The  cells  are   two-fold;  the  lower  are  mucus-    by  contraction  of  the  walls,  or  by  ex- 
secreting,  the  upper  are  aquiparous.                        teJrnal  pressure. 

22.  CLASSIFICATION  OF  EPITHELIUM.— The  forms  of  epithelium  in 
the  human  body  are  : — 

1.  Cylinder  Epithelium  (fig.  42,  B,  a),  whose  cells  are  columns,  higher 
than  broad,  often  conical  or  prismatic  from  mutual  pressure,  placed  side  by 
side,  and  for  the  most  part  in  one  layer.     Their  free  surfaces  are  sometimes 
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-p<f stratum 

corneum. 


-  stratum 
lucidum. 
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J- 


^ 


.1 


stratum 
granulosum. 


indurated  into  a  cuticle-like  layer  of  metaplasm,  marked  with  very  fine  radial 
striae.  Their  attached  ends  are  often  longitudinally  striated,  or  expanded  into 
afoot  or  beak-like  process.  Between  these  cells,  and  resting  on  the  basement- 
layer,  are  smaller,  younger,  replacement  cells  (fig.  42,  B,  b).     Cylinder  epithelium 

lines  the  digestive  canal   from    the 


and  lines  the 


stomach  to  the  anus, 
ducts  of  most  glands. 

2.  Pavement  Epithelium  con- 
sists of  irregular,  flattened  cells, 
mostly  of  metaplasm,  united  edge  to 
edge,  and  forming  a  single  layer.  It 
lines  the  alveoli  in  the  lungs  (fig. 
40),  the  capsule  of  the  crystalline 
lens,  the  semicircular  canals,  &c. 

3.  Cubical  or  Spheroidal 

Epithelium  is  the  commonest  form 
assumed  by  gland  epithelium,  that 
of  each  gland  having  special  char- 
acters (fig.  46). 

4-    Stratified    Epithelium.— 

When  the  cells  multiply  rapidly, 
they  build  up  a  tissue  of  several 
layers,  of  which  the  deeper  or  newer 
cells  are  columnar  or  cubical,  while 
the  older  layers  become  flattened 
as  they  approach  the  surface.  In 
these  layers  the  cells  are  irregular, 
and  the  metaplastic  walls  of  con- 
tiguous cells  become  confluent ;  so 
that,  when  the  cells  are  ^dissociated, 
the  former  points  of  union  stand 
out  on  the  surface  as  ridges  or 
prickles ;  hence  the  cells  are  often 
called  prickle  cells  (fig.  162).  Where 
stratified  pavement  epithelium  is 
exposed  to  pressure,  the  dried  superficial  cells  become  scale-like,  with  shrivelled 
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Fig.  47. — Stratified  epithelium  from  the  skin— 
n,  cutaneous  nerve  ;  b,  nerve  ending ;  d 
corium. 


Fig.  48. — Transitional  epithelium  from  the  bladder."  ..'.:;?„] 

v 
nucleus  and  no  spines  or  prickles,  and  hardened  by  infiltration  with  keratin  or 
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eleidin,  forming  by  their  confluence  a  cuticle.     Stratified  epithelium  constitutes 
the  superficial  layer  of  the  skin,  of  the  pharynx,  oesophagus,  vagina,  &c. 

5.  Transitional  Epithelium  is  the  name  given  to  those  forms  which 
partake  of  the  characters  of  two  or  more  of  the  foregoing  groups 
many  places,  the  best  marked 
is  that  modified,  stratified  form 
which  lines  the  ureter  and 
bladder  (fig.  48),  consisting  of  ( 1 ) 
lai'ge  club-shaped  cells,  whose 
narrow  ends  rest  on  the  base- 
ment membrane.  In  the  in- 
tervals between  these  are  (2) 
smaller  irregular  cells  ;  while 
(3)  large,  flattish,  cubical,  often 
multinuclear,  cells  are  moulded 
on  the  free  surfaces  of  the  first 
series,  each  flat  cell  extending  over  the  ends  of  several  of  the  deeper  cells. 
This  form  is  correlated  with  the  varying  conditions  of  distention  of  the  organ. 

6.  Ciliated  Epithelium  is  a  variety  of  cylinder  epithelium  in  which  the 
free  surface  of  the  cell  is  clothed  with  a  tuft  of  vibratile,  hair-like  processes, 
continuous  with  the  inner  protoplasm  of  the  cell,  capable  of  wavy  motion,  and 
bendinar  in  a  definite  direction  either  below  their  middle  or  at  their  base. 


ciliated 
cell. 


Deboue's 
membrane. 


It  occurs  in 


clear  disc. 


{-intermediate 
layer. 

inner  layer. 


Fig.  49. —Ciliated  epithelium  from  the  trachea. 


The  structure  of  cilia  is  imperfectly  understood,  many  of  the  minuter  appearances 
described  being  probably  the  result  of  the  action  of  reagents.  Each  cilium  consists  of  a  line, 
somewhat  flattened,  apparently  structureless  process,  beginning 
in  a  slightly  dilated  basal  end,  which  is  fixed  l>y  a  narrow 
im<liiitii  portion  to  a  short  rod,  either  attached  to,  or  penetrating, 
the  clear  non-contractile  disk  on  the  surface  of  the  cell,  from 
which  fine  reticulated  fibrils  penetrate  the  protoplasmic  network 
of  the  cell.  Ciliated  epithelium  lines  Buch  passages  as  are 
traversed  by  air,  or  by  secretions  containing  solid  particles.  Cilia 
average  about  'ooS  mm.  in  length,  the  largest  being  those  lining 
the  tube  of  the  epididymis.  The  cells  Lining  the  bronchial  tub*  - 
have  the  most  numerous  cilia  (20-25)  ""  each  cell  ;  those  of  the 
central  canal  of  the  spinal  cord  have  the  fewest,  and  are  the 
smallest. 

Ciliated  epithelium  lines  the  nasal  and  lachrymal  passages,  the 
Eustachian,  Fallopian,  and  bronchial  tubes,  &c.  In  some  of  these 
regions  this  epithelium  is  stratified,  in  the  smaller  bronchi  it  is 
one-layered.  Ciliated  pavement  epithelium  is  found  on  the  floor 
of  the  tympanic  cavity  ;  and  pavement  cells  with  short,  soft,  non- 
vibratile  processes  lie  in  patches  on  the  choroid  plexus  in  the 
foetal  brain. 

7.  Sensory  Epithelium. — Into  many  superficial 
epithelial  cells  nerve  filaments  can  be  traced  (tig.  47.  b)'} 
indeed,  it  is  not  improbable  that  all  sensory  nerves 
terminate  in  epithelium.  In  the  organs  of  sense- 
perception  peculiar  epithelial  cells  bearing  stiff  processes, 
which  differ  in  characters  according  to  the  nature  of 
the  vibrations  to  which  they  are  exposed,  are  found 
connected  with  the  terminations  of  the  nerve  fibres 
(%•  5°)- 


Fig.  50. — Olfactory  epi- 
thelium     from      the 

superior  turbinated 
bone— E,  nasal  epi- 
thelium ;  N,  modified 
cell  with  nerve  fila- 
ment ;  11,  olfactory 
cell  from  frog. 


The  membranes  clothed  with  epithelium  are  skin,  mucous  membranes,  and  the  brain 
cavities.  The  cells  which  line  serous  membranes  and  blood-vessels,  although  dissimilar 
in  history,  are  comparable  in  structure  and  function  with  epithelium.  New  epithelial 
cells  arise  by  karyokinesis  from  the  deeper  pre-existing  cells,  which  lie  in  contact  with  the 
basement  membrane. 


26  CONNECTIVE    TISSUES. 

23.  CONNECTIVE  TISSUES.— When  cells  are  so  disposed  that  they  are 
in  contact  with  nutrient  fluids  by  one  surface  at  least,  they  do  not  require  any 
special  mechanism  for  their  nutrition ;  but  when  they  "have  multiplied  to  form 
solid  masses  which  are  shielded  by  mutual  contact  from  external  nutriment, 
the  assimilable  fluid  must  be  conveyed  to  them  by  special  channels.  Hence,  as 
soon  as  the  mesoblast  thickens  in  the  embryo  into  a  tissue  of  more  than  one 
stratum  of  cells,  the  need  arises  for  lymph  paths  and  a  vascular  system,  which 
accordingly  develope. 

The  cells  of  the  mesoblast  chiefly  specialise  in  two  directions ;  some  increase 
in  contractility  and  become  muscle ;  but  most  of  them  become  irregularly 
flattened  and  cast  off  from  their  surface  the  outer  layer 
of  their  substance,  which  becomes  converted  into  metaplasm, 
and  separates  from  the  cell  to  form  an  intercellular  ground- 
substance,  which  is  traversed  by  wall-less  lymph  paths ; 
while  the  remaining  part  of  the  cell  itself  sends  off  processes, 
either  lamellar  or  branched,  the  nucleus  becomes  flattened, 
and,  with  the  small  amount  of  unaltered  protoplasm  which 
surrounds  it,  shows  an  intracellular  and  intranuclear  net- 
work. Cells  of  this  kind  are  named  connective  tissue  cells, 
rp.     „•       .  and  the  tissues  wherein  they  are  found  are  called  connective 

tive  tissue  cell.         tissues.       These   tissues   form   the  framework  of  the  whole 
organism ;  they  are  low  in  grade  of  metabolism,  and  (except 
in  the  case  of  bone)  scanty  in  their  vascularity,  although  they  serve  as  the 
media  for  the  conveyance  of  vessels  to  the  other  tissues. 

Connective  tissue  cells,  wherein  most  of  the  material  has  become  metaplasm,  are  flattened, 
and  may  be  called  lamellar  cells,  while  those  which  contain  much  unaltered  protoplasm  are 
thicker,  and  may  be  called  plasma  cells. 

While  all  connective  tissue  cells  exhibit  a  strong  family  likeness,  the 
ground-substance  is  variable  in  amount,  chemical  composition,  and  mechanical 
properties.  Hence  the  forms  of  connective  tissue  are  numerous,  and  may 
be  classified  into  the  following  groups  : — 

i.  With  the  forms  of  the  cells  themselves  modified : 

a.  Flattened  to  form  a  continuous  layer,  lamellar  cells — 

a.  Supporting  a  layer  of  epithelium,  .    =    Basement  membrane. 
3.   Lining  canals  or  cavities,       .         .    =   Endothelhim. 

b.  Polygonal  plasma  cells  infiltrated  with  fat,   =    Adipose  tissue. 

2.  Varying  in  the  form  and  arrangement  of  the  cell-processes: 

a.  Cell  bodies  distinct,  with  much  branched 

reticulated  processes,  .  .  .    =    Adenoid  tissue. 

b.  Cell    bodies    indistinct,    metaplasm    be- 

coming parallel  bundles  of  fibres,        .  .  =    Fibrillar  tissue. 

3.  Varying  in  the  nature  of  the  ground-substance : 

a.  Ground-substance    mucoid al    in    appear- 

ance and  containing  albumen,     .  .  =  Mucous  tissue. 

b.  Ground-substance  containing  elastin,       .  =  Elastic  tissue. 

c.  Ground-substance  containing  chondrogen,  =  Cartilage. 

d.  Ground-substance    calcified,     containing 

collagen,     .  .  .  .  .  .    =    Bone. 

The  circumstances  determining  the  production  of  special  forms  of  connective  tissue  are 
more  easily  understood  than  the  mechanism  of  their  differentiation.  Where  firmness  is 
needed,  there  bone  developes  ;  where  elasticity,  firmness,  and  smoothness  of  surface,  there 
cartilage;  where  simple  toughness  and  flexibility,  there  fibrillar  tissue  forms.  The  most 
abundant  form,  areolar  tissue,  is  a  mixture  of  fibrillar  and  elastic  tissue;  other  mixed 
varieties  exist  in  the  body. 
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1.  Basement  Membrane.— Beneath  the  epithelium  of  most  mucous 
membranes  there  is  a  layer  of  flattened  connective  cells,  sometimes  so  closely 
united  that  their  boundary  lines  are  indefinite  and  with  difficulty  brought  out 
by  reagents  (fig.  41,  a).  This  membrane  is  traversed  by  lymph  spaces,  and  is 
always  thin,  though  sometimes  firm,  as  in  the  trachea;  in  other  membranes 
it  is  reduced  to  a  network,  as  in  the  salivary  glands. 

2.  Endothelium. — Basement  cells  in  some  places  simulate  the  overlying 
epithelium,  and  thus  form  an  easy  transition  to  cells  of  this  class  which  are 
indistinguishable  from  true 
pavement  epithelium, 
although  mesoblastic  in 
origin.  The  name  "  endo- 
thelium "  is  applied  to  such 
cells  as  line  intramesoblastic 
cavities,  e.g.,  blood-vessels, 
serous  and  synovial  mem- 
branes. Endothelium  is 
always  one-layered,  with 
flattened  nuclei,  and  the 
cells  may  be  polygonal,  elon- 
gated, or  irregular. 

Cilia  may  be  present,  though 
rarely,  as  on  the  end  of  the 
Fallopian  tube,  and  sometimes 
(in  serous  membranes)  the  endo- 
thelium is  interrupted  by  small 
groups  of  polyhedral  radiated 
cells  surrounding  fine  perfor- 
ations, or  xtomata,  opening  into 
the  subjacent  lymph  paths.  The 
distinction  between  "endothe- 
lium" and  "epithelium"  is  not 
always  either  histologically  cer- 
tain or  functionally  possible,  nor 
can  its  development  be  relied  on 
as  a  criterion,  for  the  genito-urinary  epithelium  is  apparently  of  mesoblastic  origin. 

3.  Adipose  Tissue  consists  of  closely  packed,  polyhedral,  connective  cells, 
whose  protoplasm  has  become  charged  with  fatty  matter;  the  nucleus  (fig.  53,  n) 
and  the  unaltered  shreds  of  protoplasm  being  compressed  and  often  almost 
obliterated. 

As  fat  is  derived  from  the  breaking  up  of  protoplasm,  it  can  only  develope  in  such  cells  as 
have  a  substantial  protoplasmic  body.  Most  ordinary  connective  cells  have  undergone  too 
much  metaplastic  transformation  to  allow  of  any 
large  development  of  fat  in  them  ;  hence  fat  cells 
are  rarely  branched.  The  degree  of  fat  distention 
varies,  from  the  presence  of  a  few  oil  globules 
(fig.  53>  ft)>  to  the  complete  conversion  of  the  whole 
cell-contents  (c).  The  fat  consists  of  stearic,  oleic, 
and  palmitic  acids,  combined  with  glycerine,  and 
is  fluid  during  life,  becoming  solid  after  death.  Fat 
cells  measure  about  -05  mm.  in  diameter,  and  are 
found  in  clusters,  encapsulated  by  areolar  tissue  in 
which  capillary  blood-vessels  ramify.  The  first 
trace  of  fat  is  seen  in  the  fcetus  of  the  thirteenth 
week.  In  the  adult,  fat  is  distributed  through  the  meshes  of  the  subcutaneous  areolar 
tissues  in  all  regions  except  the  eyelids,  scrotum,  and  penis,  in  all  places  where  spaces 
exist  between  organs,  or  where  there  are  intervals  between  muscular  sheaths. 


Fig.  52. — Endothelium  from  the  diaphragm — L,  lymphatic 
i    with  wavy-edged   endothelial   lining ;   c,   endo- 
thelium of  surfacp. 


Fat  cells—/,  fat  globules. 


4-   Retiform  or  Adenoid  Tissue  is  that  form  of  connective  tissue  whose 
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nuclei. 


leucocytes 


cells  are  for  the  most  part  extended  into  much-branched  anastomosing  pro- 
cesses, making  a  close  network  of  filaments  and  lamellse,  in  whose  meshes  lies  a 
liquefied,  slimy,  but  seldom  mucin-holding  ground-substance  (fig.  54). 

As  the  meshes  of  this  tissue  freely  communicate  with  all  the  surrounding 
lymph  paths,  they  abound  in  leucocytes,  for  which  they  constitute  the  most 
appropriate  breeding-place ;  hence  this  tissue  is  closely  connected  with  the 
lymphatic  system.  It  is  little  else  than  a  very  generalised  variety  of  areolar 
tissue,  abounding  in  leucocytes. 

5.  Fibrillar  Tissue. — This  abundant  and  widely  diffused  tissue  is  charac- 
terised by  containing  proportionally  few  cell-bodies,  as  most  of  the  cells  have 

been  thoroughly  transformed  into  white 
fibres,  which  are  transparent,  homo- 
geneous, and  doubly-refracting,  ranging 
about  "oo2  mm.  in  diameter,  united  by 
a  small  amount  of  unaltered  matrix  into 
wavy  parallel  bundles,  which  neither 
branch  nor  anastomose. 

processes.^-  It  is  not  easily  proved,   although   there   is 

evidence  to  indicate,  that  the  fibres  originate 
directly  from  cells.  The  primitive  bundles 
are  enveloped  in  sheaths  that  are  often 
strengthened  by  engirdling  rings  of  a  different 
material,  which  can  be  stained  red  by  picro- 
carmin,  but  is  unaltered  by  acetic  acid,  while 
the  latter  reagent  makes  the  fibres  themselves 
swell  and  become  indistinct.  The  material  of 
white  fibres  resolves  itself  into  gelatine  on 
boiling.  These  bundles  are  generally  closely 
packed  together,  and  the  interspaces  between  them  are  occupied  by  single  tiles  of  flattened 
or  quadrate,  irregularly-margined  cells,  which  are  closely  applied  to,  and  moulded  on,  the 
bundles  of  fibres.  With  the  cells  there  is  a  small  quantity  of  semi-fluid,  unaltered  ground- 
substance. 

This  tissue  is  strong,  inelastic,  and  resisting ;  a  cord  1  square  mm.  hi  cross-section  bore 
a  weight  of  8,940  grammes  before  it  broke.  Its  surface  has  a  nacreous  sheen,  owing  to  the 
interference  effects  of  the  reflected  light  from  the  wavy  bundles.  Small  portions  of  this 
tissue  have  few  vessels  ;  larger  cords  or  sheets  are  permeated  by  layers  of  areolar  tissue 
containing  vessels. 

Bands  of  fibrillar  tissue  fastening  bones  together  are  called  ligaments ;  if 
they  unite  muscular  fibres  to  bones,  they  are  tendons.  Each  tendon  is  sur- 
rounded by  a  layer  of  very  fine  areolar  tissue, 
whose  superficial  cells  are  flattened  on  the  surface 
of  the  tendon  to  form  an  endothelium,  thus  en- 
abling it  to  glide  during  muscular  contraction. 
When  interlaced  fascicles  are  flattened  into  a  thin 
layer  investing  other  parts,  they  constitute  a 
fibrous  membrane.  An  expansion  of  this  kind, 
enveloping  the  muscles,  vessels,  and  nerves  of  a 
limb  or  region,  is  called  a  fascia  or  aponeurosis ; 
these  send  in  partitions  between  the  contiguous 
muscles  (intermuscular  septa),  and  form 
The   relations  of  these  fasciae  are  of  great  practical 


Fig.  54. — Eetiform  tissue. 


Fig-     55- — Embryonic    fibrillar 
tissue  with  transforming:  cells. 


sheaths  for  the  vessels 
importance  in  Surgery. 

6.  MUCOUS  Tissue  consists  of  cells,  either  spindle-shaped  or  with  branched 
anastomosing  processes,  which  form  a  network  in  an  abundant  semi-fluid, 
homogeneous,  ground-substance,  through  which  only  a  few  leucocytes  wander, 
and  in  which  a  few  fibrils  are  traceable. 

It  is  essentially  an  embryonic  tissue,  and  occurs  as  the  Whartonian  jelly  in 
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the  umbilical  cord  before  the  eighth  month,  and  in  a  few  other  localities  in  the 
foetal  body.  In  course  of  development,  it  increases  in  fibrillation  and  becomes 
areolar  tissue,  while  its  spindle  cells  become  fatty.  In  the  adult  it  only 
remains,  though  modified  by  the  disappearance  of  its  cells,  in  the  vitreous 
humour  of  the  eye. 

7.  Elastic  Tissue  is  a  tough,  yellowish  material,  made  up  of  transparent, 
singly  refracting,  branching  and  reuniting  filaments,  polygonal  in  section 
(fig.  56),  curling  at  the  ends  when  broken,  not  united  into  close,  parallel,  skein- 
like bundles.  They  range  from  -ooi 
to  -oo6  mm.  in  thickness,  and  are 
unaffected .  by  acetic  acid  or  boiling. 
Sometimes  this  tissue  is  lamellar  (fig. 
57),  the  branching  and  uniting  fibres 
being  flattened  into  a  fenestrated 
membrane,  as  in  the  lining  of  blood- 
vessels. 

When  closely  massed  together,  these 
yellow  fibrils  make  up  highly  elastic  liga- 
ments, such  as  the  interlaminar  ligaments 
of  the  vertebrae  A  band  of  this  tissue  1 
square  mm.  in  cross-section  broke  with  a 
weight  of  4,040  gi^ammes,  and  before  breaking 
its  length  had  increased  65  per  cent. 

Areolar  Tissue,  the  most  widely 

diffused  substance   in    the  body,  con- 
sists of  white  and  yellow  fibres  mixed 

in  varying  proportions,  together  with       ...        ,      „,     ,.      .  „. 

•     -11      !  i         t  i         n       i  i  •  l^S-  So- — Elastic  tissue — /,    coarse  fibres : 

spindle-shaped  and  lamellar  branching  ^  finer  fibrils. 

cells,  showing  gradations  of  all  kinds, 

from    the    simple    cell    to    the    white    fibril.      "When    immature    there    is    an 

abundant  gelatinous  ground-substance  uniting  the  elements,  but  this  shrinks 

in  the  adult,  and  the  tissue  becomes  spongy,  pierced  by  the  gaps  and  spaces 

from  which  its  name  is  derived. 

The  density  of  this  soft  elastic  material  varies  according  to  the  number,  sizes,  and  close- 
ness of  texture  of  the  white  fascicles  which  usually  cross  each  other  in  all  directions  in  its 
substance.     Elastic  fibrils  arc  disposed  either  between  or  on  these  white  fibres,  and  flattened 


Fig-  57- — Fenestrated  membrane  of  elastic 
tissue — m,  becoming  fibrillar  at  n. 


Fig.  58. — Areolar  tissue. 


connective  cells  are  dispersed  in  the  intervening  meshes.  Areolar  tissue  is  universally 
diffused  in  and  around  all  the  other  tissues  of  the  body,  and  as  its  areoles  freely  communicate 
with  each  other,  air  or  fluid  can  be  made  to  pass  through  its  meshes.     The  art  of  dissection 
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consists  in  the  complete  removal  of  this  tissue  from  around  the  other  structures,  so  as  to 
expose  the  parts  enwrapped  therein. 

Yellow  fibrils  arise  in  the  embryo  in  the  form  of  lines  of  granules,  which  appear  in  the 
ground-substance  of  connective  tissue,  and  which  subsequently  coalesce  to  form  fibres. 

8.   Cartilage  or  Gristle  is  a  firm,  elastic,  bluish-white,  translucent  sub- 
stance, consisting  of  connective   cells  embedded   in  a  solid  ground-substance, 

which  yields  chondrin  on  prolonged  boiling. 
Four  forms  of  cartilage  can  be  distinguished 
according  to  the  amount  and  texture  of  the 
ground-substance. 

A.  Parenchymatous   Cartilage,    whose 

cells  are  closely  packed,  having  between  them 
minute  lymph  paths  and  a  minimal  amount  of 
ground-substance  (fig.  59,  ch). 

The  notochord  and  the  substance  of  the  foetal  skeleton 
before  the  fifth  week  consist  of  this  material,  which  in 
appearance  resembles  a  vegetable  tissue.  Its  cells,  like 
those  of  other  varieties  of  cartilage,  often  include  oil- 
globules  or  granules  of  glycogen. 

B.  Hyaline  Cartilage,  in  which  oval  or 

bluntly-angular  cells  are  enclosed  in  a  copious 
homogeneous  or  faintly  granular  ground-sub- 
stance (fig.  60,  g),  pervaded  by  minute  lymph 
canaliculi,  which  communicate  with  lymph 
spaces  around  the  cells  and  in  the  perichon- 
drium. In  large  masses  of  cartilage,  there  are  macroscopic  clefts  containing 
processes  of  areolar  tissue  and  blood-vessels,  but  no  capillaries  can  be  detected 
in  the  substance  of  the  cartilage  itself.  All  cartilages,  except  the  layers 
which  encrust  the  articular  ends  of  bones,  are  surrounded  by  a  laminated 
fibrillar  membrane,  the  perichondrium,  in  which  many  blood-vessels  ramify. 


Fig-  59- — Section  of  notochord. 


A 


'** 


J- 


Fig.  60. — Hyaline  cartilage — A,  from  frog;  B,  from  human  costal  cartilage  macerated 
several  clays,  and  showing  the  protoplasm  separated  from  the  cell- wall ;  at  1,  two 
cells  (2)  are  within  one  capsule  (k)  •  at  2,  five  cells  (one  has  fallen  out)  are  within 
the  one  capsule ;  at  3,  the  capsule  is  obliquely  cut ;  at  4,  it  is  not  opened,  and  the 
cell  shines  through. 

Some  hyaline  cartilages  are  temporary,  being  preen  rsors  of  the  bones  of  the 
adult  skeleton ;  others  are  permanent,  such  as  the  gristles  of  the  nose,  larynx, 
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and  ribs,  and  those  coating  the  joint-surfaces  of  bones.  In  these  last,  which 
are  called  encrusting"  Cartilages,  the  cells  closest  to  the  bone  are  in  vertical 
columns,  those  which  are  superficial  lie  parallel  to  the  surface,  while  the  inter- 
mediate cells  are  irregular  in  disposition  (fig.  61). 

When  softened  by  maceration,  the  ground-suhstance  breaks  up  into  fibres  which  lie  in 
the  direction  of  greatest  pressure.  Although  apparently  homogeneous,  yet  the  superficial 
and  deep  portions  of  a  mass  of  articular  cartilage  appear  anisotropic 
by  polarised  light,  while  the  intermediate  tracts  are  isotropic.  These 
optical  appearances  are  probably  correlated  to  varying  degrees  of 
condensation  or  tension.  The  refractive  index  of  the  structure  im- 
mediately around  the  cell  is  lower  than  that  of  the  cell  or  the  rest  of 
the  ground-substance. 

The  ground-substance  of  that  portion  of  articular  cartilage  which 
is  in  contact  with  bone  often  becomes  calcified  by  the  deposition  of 
bone-earth  (fig.  61).  Costal  cartilage  may  either  calcify  or  ossify.  Nasal 
cartilages  rarely  calcify.  The  cells  close  to  the  margin  of  articular 
cartilage  are  often  branched  and  irregular,  being  transitional  to  the 
ordinary  connective  tissue  cell. 

0.  Reticular  Cartilage  is  opaque,  yellowish,  and 
highly  elastic,  having  its  matrix  traversed  by  a  copious 
interlacement  of  yellow  elastic  fibrils.  It  is  found  in  the 
external  ear,  epiglottis,  Eustachian  cartilage,  and  the 
vocal  process  of  the  arytenoid. 
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These  begin  their  existence  as  hyaline  cartilages,  in  which  the 
elastic  fibres  appear  first  as  granules  around  the  cells,  extending  in 
lines  from  the  perichondrium. 

D.  White  Fibro-cartilage  consists  of  layers  of  Avliite 
fibrous  bundles  #  between  which  encapsulated  cartilage  cells 
ai'e  scattered. 

The  proportional  number  of  cells  varies  in  different  parts  of  the 
mass,  both  in  reticular  and  in  white  fibro-cartilage.  In  the  former 
the  meshes  are  closer,  and  the  hyaline  material  less  abundant  in  the 
centre  than  at  the  surface.  Where  the  latter  is  attached  to  bone, 
its  cells  are  fewest. 

Fibro-cartilage  is  tougher  and  more  flexible  than  hyaline,  but  less  yielding  than  reticular 
cartilage,  and  is  generally  disposed  in  small  masses  which  may  be  (i)  inter  articular,  a  plate 
interposed  between  two  bones,  from  which  its  surfaces  are  separated  by  joint-cavities  (fig.  78); 
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Fig.    61. — Section    of 
encrasting  cartilage. 


H: 


mm 


Fig.  62. — Reticular  carti- 
lage— K,  nest  of  carti- 
lage cells. 


Fig.   63. — Fibro-cartilage — g,  white 
fibres  ;  k,  capsule  of  cell,  z. 


(2)  syrnphysial,  a  plate  interposed  between  bones,  to  the  surfaces  of  which  it  is  firmly 
attached  (fig.  75) ;  (3)  marginal,  forming  a  lip  around  a  joint-cavity  to  deepen  it  (fig.  79) ; 
(4)  thecal,  lining  the  sheaths  of  tendons;  and  (5)  sesamoid,  a  thickening  developed  in  a 
tendon. 
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All  cartilages  except  the  note-chord  are  mesoblastic  in  origin,  and  are  at  first  made 
up  of  closely  compacted  polyhedral  cells  with  distinct  nuclei  and  clear  margins,  from 
which  the  ground-substance  is  a  differentiation.  Cartilage  differs  from  the  other  connective 
tissues  in  its  greater  condensation ;  a  strip  of  hyaline  cartilage  i  mm.  in  section  broke 
with  a  weight  of  1,440  grammes,  of  reticular  1,760,  of  white  2,300.  When  divided  during 
life,  cartilage  unites  by  the  formation  of  cicatricial  connective  tissue,  becoming  eventually 
fibro-cartilage.  Broken  cartilages  unite  by  similar  tissue,  and  often  become  surrounded 
by  a  bony  ring  of  callus.  Cartilage  is  historically  older  than  bone,  though  newer  than 
fibrillar  tissue.  It  existed  in  many  invertebrates,  in  the  lowest  vertebrates,  and  preceded 
bone  in  the  embryo.  In  the  past  history  of  animals,  bone  first  appears  in  the  dermal 
skeleton  of  Silurian  fishes. 

9.  BonG  is,  with  the  exception  of  enamel,  the  hardest  of  all  organic 
substances,  and  is  remarkably  elastic  and  tenacious.  During  life  it  is  whitish- 
pink  or  yellowish  in  colour,  and  more  vascular  than  other  varieties  of  connec- 
tive tissue.  Histologically,  bone  consists  of  three  elements — (1)  branched 
connective  cells  (bone  cells— fig.  64,  c)  ;  (2)  interlacing  and  decussating  fibres ; 
(3)  the  ground-substance,  in  which  lime  salts  are  deposited. 

The  mineral  matter  may  be  removed  from  bone  by  maceration  in  dilute  hydrochloric  acid 
(still  better,  in  a  mixture  of  2  per  cent,  of  nitric  and  |  per  cent,  of  chromic  acid  with  dis- 
tilled water).  When  thus  decalcified,  bone  is  softer,  tougher,  and  more  flexible,  but  less 
elastic  than  hyaline  cartilage;  retaining  its  shape  and  size,  but  losing  two-thirds  of  its  weight. 
By  prolonged  boiling  the  animal  matter  is  resolved  into  gelatine,  identical  with  that  derived 
from  white  fibrous  tissue.  This  animal  matter  is  very  persistent  in  old  bones,  13  per  cent, 
having  been  found  in  an  ulna  from  a  long  barrow,  and  14  per  cent,  in  the  vertebra  of  a 
mummy  at  least  3,400  years  old. 

The  remaining  two-thirds  of  bone  consist  chiefly  of  phosphate  of  calcium,  and  can  be  freed 
from  the  animal  substance  by  calcination  in  a  free  current  of  air.  The  residuum  is  white, 
hard,  brittle,  and  usually  diminished  in  bulk. 

These  lime  salts  are  probably  united  with  the  albuminoids  of  bone  in  a  compound  mole- 
cule. The  practical  constancy  of  composition  of  the  ground-substance,  the  possibility  of  the 
replacement  of  some  of  the  calcium  by  strontium,  and  the  impossibility  by  prolonged  boiling 
of  extracting  all  animal  matter  from  bone,  are  evidences  of  this  ;  but  the  union  is  a  feeble  one. 


The  percentage  composition  of  bone  is  usually- 


Collagen  (animal  matter), 
Calcium  phosphate, 
Calcium  carbonate, 


31*03 

58-23 
7-32 


Calcium  fluoride  and  other  salts, 
Magnesium  phosphate, 
Sodium  chloride,       .         , 


1-41 
1-32 
o  69 


The  trifling  variations  in  the  results  of  different  analyses  depend  on  the 

different  amounts  of  the  three  histolo- 
gical elements  in  different  bones,  and  on 
the  difficulty  of  divesting  bone  of  the  fat, 
vessels,  &c,  that  enter  into  it.  The 
degrees  of  hardness  of  different  bones 
depend  rather  upon  molecular  arrange- 
ment than  on  chemical  composition. 


Long  bones  contain  more  ground-substance 
and  mineral  matter,  but  less  fibre  than  those 
of  the  trunk,  and  the  bones  of  the  upper  limb 
than  those  of  the  lower,  the  humerus  more  than 
the  radius,  and  the  femur  than  the  tibia.  The 
inner  table  of  the  parietal  bone  and  the  petrous 
portion  of  the  temporal  have  the  highest  per- 
centage of  mineral  matter.  The  composition  of 
fully-formed  bone  varies  very  little  with  age. 
When  all  adhering  unossified  material  is  removed, 
the  proportions  are  the  same  in  the  radius  of  a 
fcetus  at  birth,  a  child  of  seven,  an  adult  of  forty,  and  an  old  man  of  eighty. 

24.   CLASSIFICATION    OF   BONES.— Bones  are  commonly  divided  into 
long,  as  those  of  the  limbs,  fiat,  as  those  of  the  skull,  and  short,   or  those 


Fig.  64. — Section  of  the  surface  of  a  decal- 
cified bone— t,  tendon. 
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that  belong  to  neither  of  these  categories.  Long  bones,  have  hollow  shafts 
(diaphyses),  and  articular  extremities,  which  ossify  independently  of  the 
shafts,  and  which,  before  their  union  therewith,  are  called  epiphyses. 

25.  PERIOSTEUM. — Every  recent  bone  is  invested  with  a  laminated 
fibrous  membrane  (periosteum — fig.  64,  p),  whose  outer  layer  consists  of 
closely-interwoven  bundles  of  white  fibres,  with  a  little  elastic  tissue  in  its 
deeper  portion,  having  fat-cells  and  blood-vessels  (i')  included  in  its  meshes. 
Its  inner  or  osteogenetic  layer  consists  of  loosely  reticulated  white  fibres, 
among  which  are  scattered  spheroidal  connective  cells  {osteoblasts — fig.  64,  0), 
which  take  part  in  the  formation  of  new  bone. 

In  early  life  the  cells  of  this  layer  multiply  rapidly,  so  that  the  whole  layer  is  thicker, 
softer,  and  more  easily  detached  than  in  the  adult ;  much  of  this  tissue  becomes  eventually 
ossified,  and  thereby  bone  grows  in  thickness. 


Fig.  65. — Cancellous  tissue  of  the  head  of  the  femur. 

The  arteries  of  periosteum  form  close-meshed  networks,  and  enter  the 
bone  through  the  numerous  holes  in  its  surface.  It  is  by  these  that  the 
bone  is  nourished  :  consequently,  detachment  of  periosteum  during  life  is  often 
followed  by  the  death  of  the  uncovered  bone.  Each  vessel  carries  with  it  a 
delicate  fibrous  sheath,  by  which  the  membrane  is  closely  bound  to  the  bone. 
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Periosteum  is  closely  attached  to  spongy  bones,  and  to  the  extremities  of  long 
bones,  especially  at  the  lines  of  junction  of  the  epiphysial  cartilages.  It  is 
also  closely  adherent  to  prominent  points  of  bones,  and  to  the  areas  of  insertion 
of  tendons;  the  fibres  of  these  are  continued  through  it  as  perforating  fibres, 
into  the  substance  of  the  bone.  Into  some  of  the  attached  ends  of  tendons, 
osteoblasts  occasionally  spread  between  the  tendon  fibres;  hence  ossification 
sometimes  extends  into  these  tissues. 

The  arrangement  Of  the  fibres  of  the  outer  layer  of  periosteum  is  constant  and 
definite  for' each  bone.  In  the  osteogenetic  layer  of  the  shafts  of  long  bones  in  the  adult,  the 
cells  become  flattened,  and  sometimes,  form  a  nearly  continuous  endothelioid  layer,  with 
lymph  spaces  between  the  membrane  and  the  bone ;  hence  the  easy  separability  of  the 
periosteum  from  these  parts.  The  fibres  always  remain  thick  and  strong  around  lines 
of  epiphysary  union,  even  when  the  ligamentous  purpose  which  they  at  first  subserved  is 
superseded.  In  old  persons  the  periosteum  becomes  thin  and  its  vessels  scanty,  as  ossification 
has  involved  the  whole  deeper  layer,  and  the  membrane  becomes  separable  with  difficulty. 
On  the  bones  bounding  the  tympanic  and  nasal  cavities,  the  mucous  membrane  becomes 
inseparable  from  the  periosteum.  No  membrane  covers  the  articular  ends  of  bones,  nor  the 
surfaces  where  two  bones  are  tied  together  by  an  intervening  plate  of  fibro-cartilage. 


Fig.  66  —Lines  of  stress  in  section  of  neck  of  femur.  A  A,  area  upon  which  thrust  of  the 
body-weight  comes ;  B,  C,  D,  E,  F,  G,  H,  J,  areas  of  traction.  The  dotted  lines  are 
.strut-lines  beanng.the  vertricaL  thrust,  the  continuous  lines  are  the  tie- lines  of  tension.  3 
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26.  STRUCTURE  OF  BONE.— The  texture  of  bone  is  permeated  by 
fine  anastomosing  channels  called  Haversian  canals  (fig-  67),  varying 
from  "125  to  *02  mm.  in  diameter,  each  containing  an  artery  derived  from  the 
periosteal  vessels,  a  vein,  often  of  large  size,  and  one  or  more  minute  nerve- 
twigs,  surrounded  by  lymph  spaces.  In  the  compact  tissue  of  long  bones, 
these  canals  are  cylindrical;  but  towards  their  extremities,- or  in  short  bones, 
they  dilate  into  irregular  spaces  in  which  the  vessels  are  surrounded  by  marrow, 
the  bony  boundaries  of  the  canals  being  reduced  to  thin  lamella?,  or  to  a  mere 
lattice-work  of  bony  spicules  (fig.  65).  In  these  spaces  the  veins  and  arteries 
often  run  separately,  and  the  former  escape  alone  through  large  apertures  near 
the  articular  ends.  According  to  the  sizes  of  these  canals,  bone  tissue  is  called 
compact,  or  cancellous ;  the  former  is  dense,  with  cylindrical  Haversian  canals, 
little  larger  than  the  vessels  which  traverse  them ;  the  latter  is  spongy,  made 
up  of  the  netted  spicules  which  bound  the  marrow-holding  dilatations  of  the 
vascular  canals. 

The  arrangement  of  the  cancelli  in  each  bone  is  correlated  to  the  mechanical  conditions  of 
the  bone,  and  requires  special  note  in  each.  There  are  two  chief  types — (1)  POUnd-meshed, 
as  in  the  rounded  heads  of  bones  exposed  to  pressure  iu  all  directions,  and  (2)  OPthOg'Onal, 
with  two  sets  of  bony  lamella?,  one  in  the  direction  of  greatest  pressure,  the  other  in  the 
direction  of  greatest  tension ;  these  intersect  each  other  nearly  at  right  angles,  and  are 
coarser  or  finer  according  to  their  circumstances.  In  the  coarser  lamella?,  hue  Haversian 
canals  may  exist.     Those  of  the  neck  of  the  femur  are  shown  in  fig.  65. 

Most  of  the  arteries  contained  in  Haversian  canals  lose  their  muscular  coats  ;  the  veins 
are  thin-walled,  and  provided  with  imperfect  valves.  The  vascular  channels  are  for  the 
most  part  constant  in  direction  in  different  parts  of  bones.  In  the  shafts  of  long  bones,  the 
largest  run  in  a  nearly  longitudinal  course,  and  are  connected  l>y  cross  brandies  to  form  elon- 
gated meshes  ;  the  canals  are  wider  towards  the  marrow  cavity  than  towards  the  outer  surface 
of  the  bone,  and  present  all  intermediate  gradations  from  the  single  canal  to  the  cancellous 
mesh.  In  flat  bones  they  run  nearly  parallel  to  the  surface,  and  in  each  short  bone  there  is 
one  definite  direction  in  which  the  largest  canals  run.  No  vascular  canals  exist  in  very  thin 
bones,  such  as  the  lachrymal,  all  the  vessels  of  which  ramify  in  the  periosteum.  Lymph 
spaces  abound  in  the  periosteum  and  around  the  Haversian  arteries. 

Minute  Structure. — A  thin  section  of  the  shaft  of  a  well-macerated, 
compact  bone,  ground  to  transparency,  and  quickly  mounted  in  thick  Canada 
balsam,  exhibits  a  lamellar  arrangement ;  the  plates  being  disposed  in  the 
following  series  : — 

1.  Haversian  Lamellae. — Three  to  ten  concentric  rings,  each  about  -006 
mm.  thick,  surrounding  each  Haversian  canal  (tig.  67).     Each  group  of  lamella?, 

vessel  in  periosteum, 
outer  lamella. 


Hauersian  canals. 


Haversian  lamella?, 
interstitial  lamella?. 

portion  of  absorbed 
Hauersian  system. 

inner  lamella. 


Fig.  67. — Transverse  section  of  bone  magnified. 

with  its  canal,  is  called  a  Haversian  system,  and  has  usually  a  distinct, 
though  rarely  a  regular,  outline. 
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2.  Interstitial  Lamellae. — Irregular,  detached  fragments  filling  the  inter- 
spaces between  the  Haversian  systems ;  the  remains  of  earlier  lamellae  which 
have  been  partially  absorbed. 

3.  Outer  Fundamental  Lamellae. — Circumferential  layers  underlying  the 
periosteum,  and  surrounding  all  others  (fig.  67). 

As  the  Haversian  arteries  of  the  shaft  have  to  pierce  these  last,  no  Haversian  lamella? 
surround  the  vessels  until  they  have  traversed  these  lamella?.  The  vascular  canals  piercing 
these  outer  lamella?  are  called  "Volkmann's  canals." 

4.  Inner  Fundamental  LamellaB. — Those  which  surround  the  central 
marrow  cavity,  which  may  be  regarded  as  a  gigantic  Haversian  system.  These 
layers  are  seen  to  best  advantage  in  a  transverse  section. 

In  the  transverse  section  of  a  Haversian  system,  a  large  number  of  irregular, 
flattened,  oval  cavities,  called  lacunae,  appear  concentrically  disposed  around  the 

central  canal  (fig.  68,  He).  From  the  surface 
and  edges  of  these  lacuna?,  pass  numerous 
minute  and  often  branched  tubules  called 
Canaliculi,  which  traverse  the  lamella?,  and 
communicate  with  the  neighbouring  lacunae 
and  with  the  Haversian  canal,  forming  a 
network  of  lymph  paths  permeating  the  entire 
bone. 

The  average  lacuna  is  '012  mm.  long,  '004  hroad, 
•003  thick.  The  canaliculi  measure  -0014  in  diameter. 
The  innermost  canaliculi  of  each  system  open  into 
the  central  canal,  the  outermost  communicate  spar- 
ingly with  those  of  other  systems,  but  generally 
turn  back  to  open  into  other  lacuna?  of  the  same 
layer.  In  the  fundamental  lamella?,  the  lacuna?  are 
disposed  parallel  to  the  surface  of  the  bone. 

Cancellous  Tissue. — The  structure  of  cancellous 
tissue  can  best  be  shown  by  filling  the  cancelli  with 
a  strong  solution  of  gum  arabic,  which  is  then 
hardened  by  being  soaked  in  alcohol  and  dried. 
Fine  sections  can  then  be  cut  and  ground  to  trans- 
parency on  a  hone  moistened  with  alcohol.  The 
cancelli  are  irregular  canals,  never  blind  cells,  and 
gradations  between  the  regular  canals  and  the  cancelli 
can  be  recognised.  A  longitudinal  section  shows  the 
frequent  anastomoses  of  the  canals,  each  bordered  by 
its  Haversian  lamella?,  and  surrounded  by  parallel 
columns  of  narrow  lacuna?. 

Here  and  there  irregular  spaces,  lined  with  new 
lamella?,  interrupt  Haversian  systems  in  both  com- 
pact or  cancellous  bone,  having  irregular  spaces  as 
centres,  which  may  be  filled  with  amorphous  lime 
deposits,  or  irregular  lacuna-holding  masses  not  in 
lamella?.     These  are  secondary  deposits  in  absorption  cavities  (fig.  67). 

If  a  fine  section  of  fresh,  decalcified  bone,  washed  clear  of  acid,  be  stained  with  logwood 
or  picrocarmin,  its  elements  can  be  discriminated.  The  cells  lie  in  the  lacuna?,  which  they 
do  not  fill — even  in  young  bone,  where  they  are  largest.  Each  cell  sends  off  processes 
opposite,  but  rarely  extending  far  into,  the  canaliculi,  which,  like  the  spaces  around  the  cells  in 
the  lacuna?,  are  lymph  paths.  These  spaces  are  lined  by  a  resisting  substance  resembling 
keratin.  The  fibres  of  bone  are  fine,  resembling  white  fibrillar  tissue,  but  stiffer,  straighter, 
and  decussating,  often  at  right  angles.  They  can  be  seen  in  scraped  or  torn  fragments,  and 
neither  they  nor  the  cells  are  calcified  in  healthy  bone,  all  the  calcareous  salt  being  in  the 
ground-substance.  -  The  coarser  perforating  fibres  (of  Sharpey)  pass  through  several  sets  of 
lamella?,  which  they  bind  together,  and  most  of  them  can  be  traced  externally  through  the 
periosteum  into  tendons. 

_  The  gi'ound-substauce,  which  forms  the  largest  part  of  bone-material,  is  structureless  or 
faintly  granular,  permeating  and  uniting  the  bundles  of  fibres. 

The  appearance  of  lamination  in  the  Haversian  system  is  due  to  the  disposal  in  different 


Fig.  68. — Transverse  section  of  bone 
more  highly  magnified. 
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directions  of  the  fibres  of  the  bone,  whose  divided  ends,  when  cut  across,  give  a  granular 
appearance  to  the  layer.  When  the  section  is  in  the  plane  of  the  fibres,  the  lamella  appears 
clear,  or  finely  striated.  When  seen  by  polarised  light  with  crossed  prisms,  the  striated 
layers  appear  clear  and  bright,  as  connective  fibres  are  doubly  refracting  when  light  traverses 
them  at  right  angles  to  their  long  axes.  The  granular  lamella?,  being  singly  refracting, 
appear  black ;  and  as  light  is  also  stopped  by  those  fibres  which  lie  parallel  to  the  axes  of 
either  of  the  Nicols,  so  there  appears  a  black  cross  over  the  system,  whose  centre  is  on  the 
canal,  and  whose  arms  extend  at  right  angles  to  the  edge  of  the  system.  The  lacuna?  which 
lie  in  the  clear  or  striated  lamella?  appear  long  and  narrow,  being  divided  along  their  long 
axes  ;  those  in  the  granular  layer  are  broad,  short,  and  oval,  being  cut  along  their  short 
axes  ;  some  are  inter-lamellar  and  more  irregular. 

MaPPOW. — Around  the  vessels  in  some  cancellous  bones,  there  lies  a 
network  of  soft  connective  cells,  whose  branching  processes  entangle  in  their 
meshes  cells  of  varying  sorts— pale  amoeboid  cells,  with  oval  or  lobate  nuclei, 
leucocytes,  large  and  small,  the  mother  cells  of  red  corpuscles,  with  and  without 
nuclei,  fat  cells,  and  polynuclear  giant  cells.  This  tissue  is  called  red 
maPPOW,  and  it  is  traversed  by  large-looped,  thin-walled,  often  perforated 
vessels.  This  tissue  exists  in  most  foetal  bones,  and  persists  in  the  adult  in  the 
heads  of  the  femur  and  humerus,  vertebrae,  ribs,  and  the  hip-bone.  It  con 
tains  72  per  cent,  of  water,  2  of  fat,  22  of  albuminoids,  and  4  of  salts.  In 
this  tissue  red  blood-corpuscles  are  supposed  to  be  formed. 

Gelatinous  MaPPOW. — In  old  persons  the  marrow  in  the  cancellous  spaces 
of  the  bones  of  the  head  is  pale  and  gelatinous,  containing  but  little  fat  and  few 
blood-vessels.     This  is  called  "  gelatinous  "  marrow. 

Yellow  MaPPOW. — Filling  the  hollow  in  the  shafts  of  long  bones  and  the 
larger  cancelli,  is  a  third  variety  of  marrow,  the  most  purely  fatty  tissue  in  the 
body,  whose  vessels  are  few  and  small,  and  whose  cells  are  almost  completely 
distended  with  fat.  Its  percentage  composition 
is — fat,  95  ;  albumen,  1  ;  water  and  salts,  4. 

The  medullary  canal  is  lined  by  a  fine  connec- 
tive layer  called  endosteum,  but  this  is  incapable 
of  being  detached  as  a  continuous  layer,  and 
rarely  takes  part  in  bone  formation. 

27.  FORMATION  OF  BONE.— There  are 
two  methods  whereby  bone  is  formed  in  the 
embryo.  The  simpler  of  these  is  the  ossification 
of  immature  connective  i  tissue,  and  is  called 
paPOStOSiS.  The  tissue  at  first  appears  as  a 
mass  of  mesoblastic  cells,  from   which  a  copious  3     \ 

intercellular  substance  is  early  differentiated.     In 

this   ground-substance    a    reticulated    system    of  ~il\  fibres. 

blood-vessels   forms,    and   bone  fibres  appear   in 
bundles,  often  decussating  eacli  other.     Each  of  II    * 

these  osteogenic  fibres  is  fibrillated,  the  com-  Fi     6Q.__Ossification  in 

ponent  strands  being  united  by  a  small  amount  of  embryonic  tissue, 

ground-substance   in   which    calcareous    particles 

first  become  laid  down  between  the  fibrils,  giving  to  the  fibre  a  dark  granular 
appearance.  The  subsequent  rapid  extension  of  the  deposit  into  the  ground- 
substance  around  the  fibre,  unites  the  neighbouring  fibres  into  a  spicule  of 
bone.  Peculiar  connective  cells  (osteoblasts)  are  abundantly  dispersed 
among  the  fibres,  and  become  enclosed  in  the  increasing  mass  of  solidifying 
tissue,  in  which  the  separate  fibres  soon  cease  to  be  recognisable,  and  the 
tissue,  which  at  first  appeared  granular,  becomes  clear. 

In  this  stage  the  bone  forms  a  'primary  reticulum  of  spicules,  extending  in 
all  directions,  whose  interspaces  are   filled  with   unossified  ground-substance, 
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containing  looped  blood-vessels  and  many  osteoblasts.  Irregular  layers  of  new 
bone,  in  which  the  osteoblasts  are  included,  form  on  the  spicules  of  this 
reticulum,  and  so  the  developing  bone  becomes  lamellar,  and  by  the  multiplica- 
tion of  concentric  plates  the  interspaces  between  the  primary  spicules  become 
narrowed  into  cancelli,  or  Haversian  canals.  The  branched  and  quickly- 
proliferating  cells  close  to  the  blood-vessels  become  modified  into  red  marrow. 

The  formation  of  bone  commences  and  extends  from  definite  spots  in  the 
tissue,  which  are  called  centres  Of  ossification,  so  that  a  section  through  a 
very  young  bone  shows  the  various  stages  in  progress — laminated  bone  centrally, 
spicular  bone  peripherally,  the  ends  of  the  spicules  showing  the  projecting  stiff' 
bundles  of  the  fibres  extending  into  the,  as  yet  unossified,  ground-substance. 
The  spaces  occupied  by  the  osteoblasts  become  lacunae,  and  unossified  lymph 
paths  in  the  ground-substance  become  canaliculi. 

In  the  history  of  vertebrate  animals,  this  is  the  primitive  method  of  bone-formation,  and 
as  the  earliest  hones  were  scale-like  ossifications  in  the  dermis,  so  all  bones  tints  formed  are 
called  dermal  or  membrane  bones.  The  roof  bones  of  the  skull  and  the  bones  of  the 
face  are  examples  o    membrane  bones. 

The  second  method  of  bone-formation  is  chondrostosis  or  ossification  in 
cartilage.  This  may  be  metaplastic,  the  cartilage  being  converted  into  bone  by 
the  deposition  of  bone-earth  in  its  ground-substance,  and  the  entry  thereinto  of 
blood-vessels.  This  is  of  very  rare  occurrence,  only  seen  in  man  in  the 
rudimental  superscapula  and  surface  of  the  scapular  spine,  and  in  a  small  part 
of  the  lower  jaw.  In  all  other  parts  of  the  skeleton  the  process  is  neoplastic, 
and  consists  in  the  replacement  of  pre-existing  cartilage  by  bone.  The  rueso- 
blastic  tissue  in    which    the    future  bone    is  to  be  formed  becomes  converted 

at  first  into  parenchymatous 
cartilage,  and  subsequently  be- 
comes hyaline,  and  this  is 
replaced  by  bone  in  either  of 
two    ways,    which    are    called 

respectively  eetoehondral 

and  entoehondral  ossification. 

In  the  former  process,  seen  in 
the  ossification  of  the  shafts 
of  long  bones,  at  one  spot  in 
the  cartilaginous  forecast  of  the 
bone,  the  tissue  increases  in 
density,  the  cells  enlarge  and 
become  arranged  in  columns 
which  are  regular  near  the 
centre  of  transformation,  but 
become  irregular  where  they 
merge  into  the,  as  yet  un- 
altered, cartilage.  The  ground- 
substance  increases  between  the 
columns  of  cells,  and  calcareous 
matter  becomes  deposited  in  it, 
producing  a  reticular  calcified 
cartilage,  in  whose  meshes  ov  primary  areolce  are  the  piles  of  cells,  each  surrounded 
by  a  small  quantity  of  calcified  ground-substance. 

While  these  changes  are  in  progress,  the  enveloping  perichondrium  thickens 
and  increases  in  vascularity.  The  cells  in  its  deep  layers  give  origin  by 
proliferation  to  many  osteoblasts,  surrounded  by  a  homogeneous  ground-sub- 
stance, in  which  parostotic  ossification  begins ;  so  the  calcified  cartilage  becomes 
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Fig.  70.— Ossification  in  cartilage. 
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surrounded  by  an  envelope  of  "membrane  bone,  which  rapidly  grows  in 
thickness.  From  the  vessels  of  this  layer  invading  loops  press  inwards,  causing 
absorption  of  the  calcified  cartilage  before  them,  and  so  burrowing  into  the 
meshes  of  the  cartilage  in  which  the  columns  of  cells  were  imprisoned.  The 
spaces  thus  opened  (secondary  areolce),  are  larger  than  the  original  meshes,  from 
which  they  differ  in  containing  blood-vessels.  Most,  if  not  all,  of  the  cartilage  cells 
become  shrivelled,  and  the  areolae  become  filled  with  a  homogeneous  ground- 
substance,  interjected  by  irruption  from  the  subperiosteal  tissue  along  with  the 
blood-vessels,  in  which  osteoblasts  are  contained  and  osteogenic  fibres  form. 
Large  polynuclear  masses  of  protoplasm  become  adherent  at  spots  to  the  walls 
of  the  areolae,  and  beneath  these,  erosion  of  the  calcified  cartilage  proceeds  so 
actively  that  the  cells  have  been  called  osteoclasts.  On  the  walls  of  the 
areolae,  layers  of  new  bone  form  in  the  same 
manner  as  they  are  formed  on  the  primary 
-reticulum  of  membrane  bone,  the  numerous 
osteoblasts  included  therein  sharply  marking 
out  this .  new  bone  from  the  shreds  of  the 
rapidly  disappearing  calcified  cartilage,  which 
have  no  lacuna?,  and  which  appear  dark  and 
granular  beside  the  clear  and  transparent  new 
bone.  This  new  bone  is  at  first  reticular,  but 
subsequently  becomes  lamellar,  the  hollows 
becoming  cancelli  or  canals. 

By  the  time  that  the  calcified  cartilage  has  become 
supplanted  by  the  new  osseous  tissue,  the  whole  bone 
appears  as  a  cancellated  mass.  As  the  densest  of  the 
successive  laminae  form  both  subperiosteal^  and  around 
the  vessels  directly  connected  with  the  periosteum, 
so  the  bone  changes  in  character  as  growth  proceeds  ; 
•its  surface  becomes  denser  and  more  laminated, 
and  the  spicular  bone  becomes  either  surrounded  or 
replaced  by  the  regular  lamella'  of  the  Haversian 
systems.  This  change  makes  rapid  progress  between 
the  period  of  birth  and  the  end  of  the  first  year, 
but  the  shafts  of  the  long  bones  have  not  quite  lost 
their  embryonic  character  before  the  end  of  the  fourth 
year. 

Coincidently  with  the  formation  of  these  external 
lamina?,  and  the  consequent  condensation  of  the  cir- 
cumference, absorption  progresses  in  the  central 
portion,  thus  eventually  producing  the  hollowing  of 
the  medullary  canal. 

Before  ossification,  the  pre-existent  car- 
tilage grows  rapidly  in  all  directions,  and  each 
segment  of  the  primary  skeleton  of  a  limb 
appears  of  nearly  equal  thickness  throughout, 
until  it  is  restrained  by  the  limiting  ferule  of  subperiosteal  bone.  This 
ring  first  appears  near  the  middle  of  the  shaft,  and  from  thence  progresses 
towards  the  ends  ;  so  the  terminal  cartilage  has  time  to  widen  towards  the 
articular  ends.  The  constraining  ferule  ceases  where  the  periosteum  ceases 
to  be  attached,  at  the  border  of  the  articular  surface;  hence,  growth  of 
the  cartilage  proceeds  unimpeded  in  the  articular  end,  and  there  is  generally 
i a  constriction  or  anatomical  neck  around  the  margin  where  the  periosteum 
ceases,  due  to  the  covering  of  the  ending  of  the  ferule  by  an  overgrowth 
of  the  cartilage.  Opposite  this  line  the  advancing  vessels  of  the  areolae 
form  a  network  of  looped  capillaries,  which  provides  abundant  nutrition  for 
this  region.       The  dilatation  of  the  articular  ends  due  .to  this  expansion  of 
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the  cartilage  is  to  some  extent  compensated  by  the  subsequent  thickening  of 
the  subperiosteal  bone  of  the  shaft. 

The  articular  ends  of  long  bones  ossify  separately  from  the  shafts,  and,  as 
in  short  bones,  their  ossification  is  entochondral,  there  being  no  investing 
layer  of  subperiosteal  bone ;  but  otherwise  the  process  diifers  little  from 
ectochondral  ossification.  It  begins  by  the  shooting  in  of  a  cluster  of  vessels 
from  one  region  of  the  periphery  into  a  central  spot  of  the  cartilage.  These 
form  a  close  meshed  network,  while  the  surrounding  cartilage  cells  become 
ranged  in  columns,  around  which  the  ground-substance  calcifies,  and  forms 
meshes  into  which  osteoblast-holding  tissue  grows  from  without,  breaking  up 
the  meshes  and  forming  secondary  areola?  whose  walls  thicken  like  those  of  the 
areola?  in  the  shaft.  This  process  goes  on  unchecked  as  long  as  any  cartilage 
remains  unconverted  ;  and  at  the  ends  of  long  bones  in  young  persons,  it  is 
in  the  layer  of  cartilage  between  the  ectochond rally  ossifying  shaft,  and  the 
entochondrally  ossifying  extremity,  that  growth  takes  place  by  the  increase 
of  the,  as  yet  unaltered,  cartilage. 

In  the  history  of  the  vertebrata,  metaplastic  ossification  of  embryonic  tissue  is  the  oldest 
mode  of  bone-formation  ;  calcification,  and  afterwards  metaplastic  ossification  of  cartilage, 
subsequently  appeared,  then  neoplastic  ectochondral  ossification — the  latest  form  to  appear 
being  neoplastic  entochondral  ossification. 

The  centres  at  which  ossification  begins  are  the  spots  at  which  nutrition  is  most  active, 
namely,  the  tissue  around  the  largest  vessels  which  enter  the  bone.  In  the  shaft  of  each 
long  bone,  this  largest  vessel  becomes  the  artery  of  the  central  medullary  canal,  and  is 
therefore  called  the  medullary  artery.  The  position  and  number  of  ossific  centres  is 
constant  in  most  bones ;  but  all  centres  are  not  of  equal  morphological  value — those  occurring 
in  embryonic  tissue  especially  being  easily  modified  or  multiplied,  while  those  in  cartilage 
are  more  constant  and  have  a  greater  historical  importance. 

The  growth  of  bone  and  of  its  pre-existent  cartilage  are  not  necessarily  commensurate, 
and  ossification  does  not  extend  equally  in  all  directions  fr.om  these  centres.  In  each  bone 
ossification  proceeds  more  rapidly  in  one  direction  than  in  the  other,  and  in  consequence 
increase  of  length  takes  place  by  continuous  growth  of  the  cartilage  at  the  opposite  extremity. 
Three  structural  arrangements  are  consequently  correlated  in  each  bone — (i)  the  obliquity 
of  the  medullary  artery  and  the  majority  of  the  superficial  arteries,  which  point  in  the 
direction  in  which  ossification  is  progressing  most  rapidly,  and  consequently  away  from  the 
end  of  greatest  growth  of  the  cartilage ;  (2)  the  epiphysis  of  earlier  ossification  is  usually 
at  the  end  where  there  is  greatest  growth  of  the  cartilage;  (3)  the  epiphysis  of  earlier  con- 
solidation is  always  at  the  end  towards  which  shaft-ossification  is  progressing  most  rapidly. 
The  advantage  of  this  triple  correlation  is  easily  understood  on  the  theory  of  natural  selection. 
The  limit  of  perichondral  ossification,  due  to  the  formation  of  articular  ends,  creates  the 
necessity  for  the  entochondral  ossification  of  the  epiphyses  ;  the  epiphyses  being  thus 
supplemental  contrivances  to  hasten  solidification,  and  they  appear  first  in  the  end  which 
is  opposite  to  that  in  which  ossification  is  most  rapidly  progressing. 

In  the  femur,  ulna,  radius,  the  metacarpals  of  the  thumb  and  great  toe,  and  the  phalanges, 
the  nutrient  artery  is  directed  towards  the  proximal  end.  Iu  the  humerus,  tibia,  and  the 
other  metacarpals  and  metatarsals  it  runs  distally.  In  the  bones  of  hand  and  foot,  bony 
growth  extends  so  rapidly  in  the  direction  of  earlier  ossification,  that  no  cartilage  is  left 
wherein  to  form  an  epiphysis.  These  bones,  therefore,  have  only  au  epiphysis  at  the  extremity 
of  the  most  rapid  growth.  In  the  fibula  the  lower  end  is  that  of  most  rapid  growth,  and  the 
upper  is  constrained  owing  to  its  subserviency  to  the  tibia,  hence  its  lower  epiphysis  is  both 
earlier  in  ossification  and  in  consolidation  than  the  upper,  which  is  a  degenerate  end. 

Mechanical  environing  conditions  are  the  chief  factors  which  determine  and  modify  the 
growth  of  bones.  Along  the  lines  of  pressure,  bones  become  thickened  and  denser ;  along 
lines  of  tension,  they  become  elongated  and  projected.  With  unilateral  pressure,  they 
become  curved  ;  with  oblique  and  terminal  pressure,  twisted.  These  characters  are  heredi- 
tarily impressed  upon  bones,  and  we  can  even  trace  the  outcome  of  ancestral  experience  in 
the  directions  in  which  the  primary  spicules  are  formed.  The  details  of  configuration  of  the 
adult  skeleton  are  so  directly  moulded  by  habitual  posture  and  the  action  of  muscles,  that 
there  are  fewer  rudimental  organs  in  it  than  elsewhere  in  the  organism. 

The  mode  of  growth  of  bone  is  threefold — (1)  in  length,  by  the  proliferation 
of  the  cartilage  at  each  end  of  the  bone,  especially  the  portion  between  the 
shaft  and    epiphysis.     This  mode  of  growth  has  been  ascertained  by  experi- 
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ment,  and  it  has  been  shown  that  the  growth  at  the  end  towards  which  the 
nutrient  artery  points,  is  less  than  that  at  the  other  end.  (2)  In  thickness, 
by  the  formation  of  subperiosteal  lamella?.  (3)  Interstitial  growth  also  takes 
place,  as  bone  tissue  undergoes  metabolism  like  other  living  materials,  old 
Haversian  systems  becoming  absorbed  and  new  ones  forming.  On  this  account 
the  curves  of  bones  may  alter  during  life,  if  the  amount  and  direction  of  the 
forces  to  which  they  are  exposed  alter. 

The  rates  of  growth  vary  in  the  different  bones,  but  the  individual  variations 
are  so  great  that  no  general  rates  can  be  formulated. 

28.  THE    SURFACES  OF    BONES    present  for   study— (1)  articular 

extremities  whose  shapes  depend  on  the  direction  and  amount  of  the  move- 
ments  in   the  joints   which   they   form ;     (2)    sur- 
faces,   sculptured    in   relief    by    their    relation    to 
soft  parts,  here  and  there  raised  into  round  blunt 

bosses  (eminences),  or  obtuse  knobs  (tuber- 
osities), or  sharper  points  (spines),  or  lines,  or 
crests,  or  other  irregularities  which  are  known 
by  the  generic  name  of  processes.  In  other 
places  bones  are  depressed  into  fossa3  or  sulci, 
which  are  either  real  hollows  made  by  the  pressure 
of  some  contiguous  part,  or  apparent  grooves  left 
by  the  elevation  above  the  original  surface  of  two  Flg-  72. -Synarthrosis, 
marginal  ridges.  Perforations  in  bones  may  be  either  for  the  transmission 
of  vessels  or  nerves,  or  else  spaces  of  deficient  ossification. 

29.  JOINTS. — The  place  where  two  bones  come  in  contact  with  each  other 
is  called  a  joint  or  articulation,  in  the  simplest  form  of  which  the  contiguous 
ends  are  fastened  together  by  an  intervening  mass  of  connective  tissue.  Joints 
of  this  class  are  called  Synarthroses  (fig.  72),  and  they  differ  among  them- 
selves according  to  the  nature  of  the,  uniting  medium,  the  shapes  of  the  opposed 
surfaces,  and  the  widths  of  the  intervals  between  the  bones.  The  immovable 
articulation  of  the  contiguous  margins  of  flat  bones  with  a  minimum  of  inter- 
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Figs.  73  and  74.— Sutures. 

vening  tissue  is  a  suture  (figs.  73  and  74),  which,  if  the  edges  be  even  and 
evenly  applied,  is  harmonic  (fig.  74,  x),  as  illustrated  by  the  joints  around  the 
nasal  bone  (n);  if  one  margin  overlap  the  other,  it  is  a  squamous  suture;  if 
the  edges  be  toothed,  and  interlock,  with  teeth  tapering  to  points,  it  is  serrate; 
if  they  dovetail,  it  is  dentate;  should  the  interlocking  edges  alternately  overlap, 
it  is  a  limbous  suture. 
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The  temporo-parietal  joint  (fig.  74,  between  the  parietal,  p,  and  the  temporal,  s)  is  an 
example  of  a  squamous  suture;  the  inter-parietal  (fig.  73,  s.)  of  a  serrate;  the  occipito- 
parietal (fig.  73,  p.)  of  a  dentate;  and  the  fronto-parietal  of  a  limbous  suture,  as  the 
frontal  (/)  overlaps  the  parietal  (c)  above,  while  the  parietal  overlaps  the  frontal  (/')  below. 

When  a  ridge  of  one  bone  is  received  into  a  groove  in  another,  the  joint  is 
called  Schindylesis,  as  in  the  union  of  the  vomer  with  the  sphenoid;  and  if  a 
peg  of  one  bone  be  received  into  a  mortice  in  another,  as  the  teeth  in  their 
sockets,  the  joint  is  called  Gomphosis. 

When  the  interval  between  the  bones  is  wider,  so  that  the  uniting  connective 
tissue  is  elongated  into  ligamentous  bands,  the  joint  is  named  Syndesmosis; 
and  if  the  ligament  be  flattened  into  a  thin  expansion,  it  is  called  an  inter- 
osseous membrane. 

When  the  connecting  substance  is  cartilage,  the  joint  is  named  Synchon- 
drosis, and  such  joints  may  be  of  two  kinds ;  true,  when  they  arise  by  the 
formation  of  two  separate  and  approaching  ossifications  in  a  continuous  cartilage, 
such  as  the  joint  between  each  epiphysis  and  shaft  in  a  long  bone  j  or  false, 
when  the  tissue  is  fibro-cartilage,  not  hyaline,  formed  by  the  chondrification  of 
the  medium  uniting  two  originally  separate  bones,  as  in  the  sacro-iliac  or 
inter-pubic  joints  (fig.  75).  None  of  the  bony  surfaces  of  these  joints  have  an 
investing  periosteum. 

supra-pubic  ligament. 


cartilage. 

rudimentat  cavity. 

sub-pubic  ligament. 

Fig.  75. — Symphysis  pubis  in  vertical  section. 

Synarthrodial  joints  may  become  obliterated  by  the  ossification  of  the  uniting  medium  ; 
such  an  obliterated  joint  is  a  Synostosis. 

In  the  majority  of  joints,  the  contiguous  surfaces  are  not  separated  by 
intervening  tissue,  but  are  in  contact  with  each  other,  forming  opposite  sides  of 
a  free  space  (the  cavity  of  the  joint — fig.  76,  a).  These  surfaces  remain 
cartilaginous,  naked,  and  smooth,  and  the  layer  of  fibrous  tissue  which  invests 
the  cavity  circumferential iy,  and  which  is  continuous  on  each  side  with  the 
periosteum  of  the  component  bones,  is  called  the  capsular  ligament.  The 
inner  surface  of  this  is  imperfectly  lined  with  a  layer  of  flattened  endothelial 
cells,  which,  with  the  inner  stratum  of  the  capsule,  constitutes  synovial  mem- 
brane, and  covers  the  lateral  walls  of  the  cavity  of  the  joint,  except  such 
parts  as  are  encrusted  with  articular  cartilage.  These  movable  joints  with 
a  cavity  are  called  DiarthrOSes,  and  are  subdivided  according  to  the  shapes  of 
the  articular  facets  and  the  kinds  of  motion  thereby  permitted. 

The  cartilage  surfaces  are  remarkably  smooth  ;  the  coefficient  of  friction  of  cartilage  upon 
cartilage  when  moistened  by  synovia  being  exceedingly  small.  Synovial  fluid  is  an  exudation 
containing  mucin,  formed  on  the  surface  of  the  villi  and  folds  which  fringe  the  margins  of 
reflection  of  synovial  membranes.  The  size  of  the  cavity  of  each  joint  is  invariable,  and  is 
correlated  with  the  extent  of  its  mobility.  When  this  is  large,  the  synovial  membrane  is 
pouched,  or  extends  over  a  portion  of  bone  on  each  side  of  the  cartilage.  When  small,  the 
synovial  membrane  is  of  small  extent. 

In  some  very  movable  joints,  such  as  the  hip  and  elbow,  when  in  certain  positions  a  larger, 
and  in  others  a  lesser,  bulk  of  one  bone  is  received  into  a  cavity  in  the  other,  masses  of  fat 
are  disposed  outside  the  synovial  membrane  and  inside  the  capsular  ligament;  so  that  in  the 


Fig.  76. — Diarthrosis. 
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latter  case  they  are  made  to  bulge  into  the  joint  by  the  tension  of  the  overlying  ligament, 
while  in  the  former  they  are  pushed  out  into  extra-articular  recesses.     Such  masses  of  fat 

are  called  Haversian  glands. 

The  strength  of  the  capsule  varies  with  the  shape  of  the  articular  surface,  is  proportional 
directly  to  the  strain  it  has  to  bear,  and  inversely  to  the  size  and  strength  of  the  muscles  and 
tendons  which  surround  it.  It  is  weak  under  strong  tendons;  but  in  the  intervals  between 
muscles  it  is  strengthened  by  the  adhesion  to  its  outer 
surface  of  fibrous  bands  derived  from  intermuscular 
septa  of  fascia  (fig.  77,  at  r,  p,  and  f),  from  modified 
tendons,  or  even  from  degraded  muscles.  These 
structures  are  called  accessory  ligaments,  and 
they  are  chiefly  of  use  in  restraining  excessive  degrees 
of  motion  in  unnecessary  or  injurious  directions.  The 
muscles  around  each  joint  are  the  chief  uniting  and 
supporting  agents  ;  the  ligaments  supplement  them 
in  these  respects,  and  serve  to  regulate  and  limit  the 
amount  of  motion. 

Menisci. — In  some  joints  a  free  lip  of  fibro- 
cartilage  (fig.  78)  projects  into  the  articular 
space  between  the  bones.  These  meniscus- 
cartilages  are  thick,  and  attached  to  the  capsule 
at  their  circumferential  edge ;  but  are  thin  at 
their  inner,  free  nargins.  When  a  plane  of 
fibro-cartilage  extends  completely  across  the 
joint  space,  dividing  it  into  two  separate 
cavities   (c.s  and   c.i),  it   is  called   an  inter- 

artieular  cartilage  (fig.  78,  B,  i);  such  car- 
tilages exist  in  the  sterno-clavicular,  temporo- 
mandibular, and  ulno-carpal  joints.  When  a  meniscus  is  immovably  attached 
to  the  margin  of  one  bone,  and  so  deepens  the  socket,  it  is  a  cotyloid  liga- 
ment, as  in  the  shoulder-  and  hip-joints  (fig.  79). 

Diarthrodial  joints  develope  early,  and  in  order  of  size  ;  they  are  all  distinct  by  the  tenth 
week.  The  thickness  of  the  encrusting  cartilage  in  an  adult  joint  is  proportional  to  the 
amount  of  pressure  and  to  the  size  of  the  articulation. 


Fig.  77. — Diagram  of  section  across 
hip-joint,  showing  the  varying 
thickness  of  the  capsular  ligament 
around  h,  the  head  of  the  femur 
— .7,  gluteus  minimus  ;  r,  rectus ; 
i,  iliopsoas  with  uuderlying  bursa, 
b;  p,  pectineus ;  o.e,  obturator 
extcrnus ;  /,  gemellus  inferior ; 
o.i,  obturator  interims. 


caps. 


cart.  bone.  cau.    meniscus. 
Fig.  78,  A,  Meniscus;  B,  Inter-articular  cartilage.  Fig.  79. — Cotyloid  ligament. 

30.  CLASSIFICATION  OF  DIARTHRODIAL  JOINTS.— Diarthrodial 
joints  are  (A)  Homomorphie,  with  equal  and  similar  opposed  surfaces,  or 
(B)  Heteromorphic,  with  dissimilar  surfaces.  Hornoniorphic  joints  are  either 
(1)  plane,  with  flat  surfaces  admitting  of  little  motion,  such  as  most  of  the 
intercarpal  and  intertarsal  joints  and  those  of  the  articular  processes  of  the 
cervical  and  dorsal  vertebra? ;  or  (2)  ephippial,  biaxial  joints,  as  the  trapezio- 
metacarpal  (fig.  80),  with  saddle-shaped  surfaces,  concave  along  one  axis,  convex 
along  the  other. 

Heteromorphic  joints  are  divided  into  the  following  series: — (1)  Enar- 
throdial  or  ball-and-socket  joints  are  those  in  which  one  articular  surface  forms 
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a  socket  into  which  the  other,  which  is  the  segment  of  a  spheroid,  is  received. 
The  distal  bone  is  capable  of  motion  around  an  indefinite  number  of  axes  which 
intersect  each  other  in  one  point,  the  centre  of  rotation. 

The  motions  may  be  considered  as  taking  place  around  axes  in  the  three  ordinal  planes. 
Motion  around  a  transverse  axis  in  which  the  distal  end  of  the  remoter  bone  is  drawn  towards 
the  proximal  end  of  the  upper  bone,  is  called  flexion,  motion  in  the  opposite  direction  is  exten- 
sion, motion  around  a  sagittal  axis  from  the  middle  line  is  abduction,  towards  the  middle  line 

is  adduction.  The  turning  of  a  bone  on  its  vertical  axis 
is  rotation,  while  the  name  circumduction  is  given  to  the 
compound  of  successive  flexion,  adduction,  extension  and 

met.  1.      f^^^^^^^^ll         abduction,  wherein  the  bone  revolves  on  the  surface  of  an 

imaginary  conoid,  whose  apex  is  the  centre  of  rotation, 
and  whose  base  is  the  closed  curve  (never  a  circle) 
described  by  the  distal  end  of  the  limb.  In  the  shoulder 
and  hip,  the  ball  moves  in  the  socket ;  but  in  the  meta- 
carpophalangeal and  humero-radial,  the  socket  moves  on 
the  fixed  ball. 


trap.  — - 


met. 


trap. 

Fig.  80. — Trapezio- metacarpal 
joint— a,  coronal  section  ;  b, 
saeittal  section. 


(2)  Condylarthrosis.  —  When  the  convex 
articular  head  is  ellipsoidal  in  outline,  with  a 
socket  of  corresponding  shape,  as  in  the  meta- 
tarso-phalangeal  joints,  rotation  is  restricted  or 
impossible,  and  the  joint  becomes  practically 
biaxial.    A  head  of  this  shape  is  called  a  condyle. 

Most  condylarthrodial  joints  are  laterally  double,  and 
so  motion  cannot  take  place  around  a  sagittal  axis.  The 
atlanto-occipital  and  temporo-mandibular  joints  are  ex- 
amples. 


(3)  Hinge  Joints.  —  When  two  such  con- 
dyles are  confluent,  as  in  the  knee,  or  when  the 
convex  articular  surface  is  the  segment  of  a  cone  or  a  cylindroid,  rotating 
in  a  corresponding  cavity,  the  restriction  of  motion  to  one  plane  is  more 
complete.  In  such  joints  the  long  axis  of  the  cylinder  is  either  transverse 
or  vertical;  the  former  are  called  gingTyniUS  joints,  the  latter  trochoid. 

In  no  ginglymus  does  motion  take  place  around  an  axis  precisely  at  right  angles  to 
the  axis  of  the  bone  ;  consequently,  there  is  always  a  certain  amount  of  alteration  of  plane 
during  flexion.  Thus  in  the  inter-phalangeal  finger-joints,  which  are  the  nearest  to  pure 
ginglymi,  flexion  causes  an  approximation  of  the  finger  tips. 

The  elbow  and  ankle  are  cochleoid  or  screw  ginglymi,  in  which  this  translation  is  at  a 
contant  angle.  In  such  joints,  the  axes  of  those  of  the  right  and  left  side  are  not  coincident. 
For  instance,  the  right  elbow  and  left  ankle  are  right-handed,  the  left  elbow  and  right  ankle 
left-handed  screws.  The  knee-joint  is  a  helicoid  ginglymus,  in  which  the  line  of  translation 
is  a  spiral  whose  radius  vector  increases  downwards  and  forwards. 

The  radio-ulnar,  odonto-atlantic,  and  lumbar  vertebral  articular  joints  are  examples  of 
trochoid  articulations. 

In  polyaxial  joints,  the  ligaments  and  muscles  are  strong  around  the  whole  articular 
circumference.  In  uniaxial  joints,  those  portions  of  the  capsule  which  correspond  to  the 
ends  of  the  articular  cylinder  are  strong  and  specialised  as  lateral  ligaments ;  while  in  the 
plane  of  motion  at  right  angles  the  ligament  is  weak,  though  the  muscles  are  strong.  No 
diarthrodial  joint  in  man  has  its  surfaces  so  arranged  as  to  remain  locked  when  the  soft  parts 
are  removed,  like  the  shackle  joints  of  some  lower  vertebrates :  nor  is  the  range  of  motion 
permitted  by  the  soft  parts  so  great  as  to  allow  of  the  jarring  of  the  non-articular  parts  of 
the  bones  one  on  another. 

Historical  Classification. — Joints  are  either  primary  or  secondary,  the  former  com- 
mencing as  clefts  in  a  primitively  continuous  mesoblast  (fig.  82,  cl),  the  latter  being 
subsequently  formed  by  the  approximation,  in  the  course  of  growth,  of  parts  originally 
separate.  The  intervertebral  and  intermetacarpal  articulations  are  examples  of  secondary 
joints. 

In  polyaxial  joints  the  convex  surface  is  generally  the  more  movable,  in  uniaxial  the 
concave,  except  in  the  cases  of  the  ankle  and  wrist. 

Joints  not  only  permit  of  motion,  but  of  interstitial  growth.  This  is  especially  the 
purpose  subserved  by  synarthroses. 
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31.  STATICAL  AND  DYNAMICAL  RELATIONS  OF  BONES.— The  bones 
act  as  levers,  the  three  orders  of  which  are  exemplified  in  the  body.  The 
forearm  is  a  lever  of  the^rs^  order  (fig.  81)  when  being 
extended  by  the  triceps  (tr) ;  having  the  power  (p)  at 
the  olecranon,  the  fulcrum  {/)  at  the  elbow,  and  the 
weight  (w)  at  the  hand.  As  the  elongation  of  p,  f,  is 
limited,  levers  of  this  kind  act  at  a  disadvantage,  and 
consequently  the  majority  of  the  level's  in  the  skeleton 
are  one-armed  and  mostly  of  the  third  order,  with 
the  power  (p)  between  the  fulcrum  and  weight.  The 
forearm  flexed  by  the  biceps  (bi)  is  an  example,  having 
the  power  applied  at  the  insertion  of  the  muscle, 
between  the  weight  at  the  hand  and  the  fulcrum  at 
the  elbow. 

In   such  a  lever,  the  power  can  seldom  be  applied   in   the 
direction  of  greatest  effect— i.e.,  at  right  angles  to  the  lever,  so     Fig.  Si. — The  arm  bones 
the  useful  force  is  /  sin  <f>.  as   levers —  s,    scapula; 

7i,  humerus. 
The  foot  acts  as  a  lever  of  the  second  order,  when 

acted  on  by  the  calf-muscles  in  raising  the  heel  and  throwing  the  weight  of 
the  body  on  the  toes.  Here  the  weight  is  intermediate  between  the  power  at 
the  heel  and  the  fulcrum  at  the  balls  of  the  toes. 

Physical    Properties.— The   following   tables   exhibit   the   most   important   physical 
properties  of  bone  as  compared  with  other  hard  substances. 

I.    Weight  in  kilos,  required  to  crush  a  rod  of  the  following  materials,  I  square  millimetre 
in  cross-section  : — 


Steel,     . 
Cast  iron, 
Wrought  iron, 


145 
73 
22 


Bone, 
<  iranite, 

Lead, 


15 
5  "9 
5 


Oak,      . 
Pine, 

Fire-brick, 


4-8 
29 

0-9 


II.  Breaking  limit,  in  terms  of  the  weight  in  kilos,  required  to  tear  across  a  rod  1  square 
millimetre  in  cross-section  : — 


Steel,  ......  102 

Wrought  iron,    .         .         .         .  41 

Cast  iron,    .         .         .         .         .  13 

Bone,            .         .         .         .         .  12 

III.  Specific  gravities  of  these  materials  : — 

Lead, n'352 

Wrought  iron,         .         .         .  77SS 

Cast  iron,        ....  7*207 

Steel,       .....  7 

IV.  Modulus  of  elasticity"'  of  these  materials  : 


Oak, 
Zinc, 
Granite, 


Zinc,       . 
<  iranite. 
Bone, 
Oak,       . 


Steel,      .  _      . 

Wrought  iron, 

Bone,  humerus, 

, ,      femur, 


22,000 

19,000 

3.40O 

2,264 


Lead, 

Oak,  parallel  to  grain, 

Oak  across  grain,    . 


6-5 

5 

19 


6-S 
2-130 
i-S7 
o-S45 

i,Soo 

1,100 

130 


Owing  to  the  varying  amounts  of  ground-substance  and  fibrous  matter,  these  qualities 
vary  to  some  extent  in  different  bones ;  the  humerus  being  the  hardest  and  least  tenacious, 
the  tibia  the  most  tenacious  of  all  the  limb  bones. 

The  rough  experiment  of  placing  a  clavicle  upright  with  one  end  on  a  table  and  striking 
the  other  smartly  with  a  hammer,  illustrates  by  the  distance  of  rebound  the  elasticity  of 
bone.  A  section  of  the  shaft  of  the  femur,  3  cm.  long,  bore,  on  being  tested,  a  weight  of 
1,200  kilos,  without  giving  way. 

The  bony  skeleton  of  an  adult  man  weighs,  when  fresh,  about  9  kilos. ;  when  cleaned  and 

*  The  modulus  of  elasticity  is  the  reciprocal  of  the  fraction  representing  the  proportional 
amount,  by  which  a  rod  of  the  substance  1  square  mm.  in  section  is  lengthened  by  the  load  of 
I  kilo. 
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dry,  5 "33  kilos..;  it  makes  '143  of  his  weight ;  that  of  the  female  '132 ;  that  of  the  child  at 
birth  weighs  95  grammes,  and  is  '03  of  the  entire  weight. 

In  old  aoe,  when  tissue-nutrition  is  impaired  and  movements  are  slow,  the  bones  become 
porous  and  more  fragile,  not  from  alteration  in  composition,  but  from  diminution  in  the 
amount  of  tissue  ;  hence  they  become  lighter.  The  femur  of  a  woman  of  103  years  weighed 
145  grammes,  while  that  of  a  woman  of  40,  of  the  same  size,  weighed  350  grammes.  A  cube 
of  recent  cancellous  bone,  1  square  cm.  of  surface,  weighed  I'l  gramme,  and  bore  without 
crushing  a  weight  of  41  kilos.  A  cube  the  same  size  of  dry  cancellous  bone  weighed  o-6 
cramme,  and  bore  a  weight  of  36  kilos.  A  similar  cube  of  compact  bone  weighed  i-8 
gramme,  and  bore  613  kilos. 

The  Shafts  Of  longr  bones  are  hollow  columns  ;  thereby  material  is  economised  with 
the  minimum  sacrifice  of  strength,  as  shown  by  the  following  tables : — 

I.  Resisting  Capacity  of  Columns  constructed  of  the  same  Amount  of  Material. 


Diameter. 

Crushing 
Limit. 

Snapping 
■     Limit. 

Solid  column,  ....... 

Hollow  column,        .         ,         .         .         . 

IOO 
125 

1,000 
2,125 

IO 
17 

II.  Resisting  Capacity  of  Columns  with  the  same  External  Diameter  and  varying 

Amounts  of  Material. 


External 
Diameter. 

Diameter 

of  Central 

Cavity. 

Proportional 

Weight 
of  Material. 

Crushing 
Limit. 

Snapping 
Limit. 

Solid  column, 
Hollow  column,     . 
Hollow  column, 

IOO 
IOO 
IOO 

O 

60 
80 

I 

o-6 

o'34 

1,000 
870 

599 

8 

7 
4-8 

In  the  skull,  wherever  thickness  and  a  wide  surface  are  required,  lightness  is  secured  by 
the  development  of  air  cells,  as  in  the  frontal,  ethmoid,  sphenoid,  maxillary,  and  temporal 
bones. 

32.  THE  APPENDICULAR  SKELETON.— We  have  seen  that  the  limbs 
arise  as  lateral  mesoblastic  projections  on  the  outer  side  of  the  muscle-plates. 


I. 


E 


Fig.  82. — Section  of  embryonic  forelimbs — /.,  earliest  stage;  //.,  chondrifying  stage; 

III.,  ossifying  stage. 

As  growth  advances,  the  embryonic  tissue  differentiates,  the  central  axis  of  each 
(fig.  82,  ax)  becoming  distinct  from  its  envelope  of  muscular  (m)  and  connective 
tissue  (s,f).     The  proximal  portion  of  the  axis  is  flattened  and  embedded  in 
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the  somatopleure,  forming  the  limb-girdle;  the  distal  part  is  central,  in  the  limb- 
ray.  In  each  of  these,  chondrification  begins  at  a  series  of  distinct  centres  (cart.), 
and  clefts  form  in  the  tissue  between  the  separately  chondrifying  areas,  becom- 
ing a  series  of  primary  joints  (cl). 

The  limb-girdle  divides  into  two  parts,  one  on  the  dorsal  side  of  the  point  of  attachment 
of  the  limb-ray,  and  one  on  the  ventral  side,  extending  in  the  somatopleure  towards  the 
medio-ventral  line. 

The  cartilage  of  the  limb-ray  becomes  subdivided  into  a  series  of  successive  segments  ;  a 
single  basipterygial  articulates  above  with  the  gh'dle  and  below  with  two  secondary- 
elements  in  the  second  segment.  Below  these  are  two  rows  of  irregular  elements  (called 
carpals  in  the  upper,  tarsals  in  the  lower  limb),  succeeded  in  turn  by  a  series  of  live  meta- 
carpal or  metatarsal  elements,  each  bearing  distally  a  digit  of  two  or  three  successive 
segments  (phalanges). 

The  fore  and  hind  limbs  have  originated  from  correlative  parts  of  successive  segments, 
and  have  been  subjected  to  similar  but  not  identical  influences  in  their  development; 
hence  there  is  a  certain  degree  of  correspondence  or  serial  homology  betweeu  their 
component  parts.  But,  as  in  the  later  periods  of  development  the  conditions  of  the 
two  limbs  have  been  dissimilar,  most  of  the  adaptive  characters  are  peculiar  to  each  limb. 
The  primary  vertebrate  limb  was  probably  an  organ  of  swimming,  which  became  subse- 
quently one  of  progression.  The  power  of  prehension  is  a  late  acquisition,  hence  the 
characters  of  the  lower  limb  are  more  archaic  than  those  of  the  upper.  The  serial  homologies 
of  the  segments  of  the  limbs  will  be  noted  in  connection  with  their  descriptive  anatomy. 

33.  SEROUS  MEMBRANES.— The  connective  tissue  that  fills  interstices 
between  parts  which  move  upon  each  other  becomes  laminated,  and  is  com- 
posed of  a  loose-meshed  texture  of  white  and  yellow  fibres,  with  flattened 
connective  cells  on  its  surface.  A  like  covering  of  endothelial  cells  invests 
e^ery  cord-like  tendon.  When  this  tissue  is  so  arranged  that  its  layers  glide 
upon  each  other,  the  fibrillar  basis  becomes  condensed  and  membranous,  and 
the  contiguous  surfaces  are  overlaid  by  endothelial  cells.  When,  at  an  early 
period  of  embryonic  life,  the  mesoblast  splits  to  form  a  coelom,  the  lining  tissue 
of  this  cavity  (fig.  n)  undergoes  a  transformation  of  this  nature,  and  to  the 
layer  thus  formed  the  name   serOUS   membrane   is  given.      This  primitive 


Dorsal  muscle. 
■Spinal  cord. 
Vertebra, 
letdral  muscle. 

Somatopleure. 


Fig.  83. — Diagram  of  section  of  embryo  showing 
coelom,  and  its  lining  serous  membrane  repre- 
sented as  a  dotted  line. 


pfmrae. 


Fig.  84.  —Partition  of  the  coelom. 


serous  membrane  (fig.  83)  consists  of  two  portions,  a  parietal  layer  (p)  lining  the 
inside  of  the  somatopleure,  and  a  visceral  layer,  the  mesentery,  covering  the 
outside  of  the  splanchnopleure ;  and  as  these  walls  are  continuous  with  each 
other  at  the  base,  so  in  any  plane  of  section  the  serous  membrane  appears  as  a 
continuous  line  returning  on  itself.  As  the  splanchnopleure  becomes  complex 
by  its  increase  in  length  and  by  the  formation  of  outgrowths,  so  the  visceral 
layer  of  the  serous  membrane  becomes  commensurately  complicated.  The 
subsequent  formation  of  partitions  shuts  off  its  extreme  parts  as  independent 
serous  cavities  (fig.  84) ;  thus,  the  part  investing  the  heart  forms  the  peri- 
cardium (/>),  which  becomes  displaced  downwards  in  the  course  of  development; 
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the  growth  of  the  diaphragm  separates  the  pouches  on  each  side  of  this  as  the 
right  and  left  pleurce  (I);  and  the  sacs  around  the  testes  become  the  tunicce 
vaginales.  The  remaining  portion  lining  the  abdominal  cavity  is  the  peri- 
toneum. 

The  space  enclosed  by  a  serous  membrane  is  really  a  great  areole  or  lymph  space,  a 
gigantic  exaggeration  of  those  interstitial  lymph  paths  which  surround  the  cells  in  areolar 
tissue.  The  closeness  of  its  wall-coating  of  endothelial  cells  prevents  the  undue  leakage  of 
fluid,  but  the  cells  become  especially  modified  around  certain  stomata  or  persistent  inter- 
spaces. In  this  sense,  a  serous  membrane  has  many  openings  into  it ;  but  macroscopically  it 
appears  as  a  shut  sac,  the  only  place  where  a  large  perforation  exists  in  a  serous  membrane 
being  in  the  peritoneum  of  the  female,  at  the  extremity  of  the  Fallopian  tube.  The  viscera 
lie  outside  the  serous  membranes,  and  hence  there  is  a  double  lamella  at  the  base  of  each 
organ  (Fig.  83,  mesentery). 

The  endothelium  of  serous  membrane  consists  of  one  layer  of  large  flat  cells,  with  irregular 
margins  and  thick  bulging  nuclei.  The  underlying  connective  layer  varies  in  strength,  but 
is  rich  in  lymph  spaces  and  vessels.  Inside  the  head  there  is  a  layer  of  membrane  (the 
arachnoid)  investing  the  brain  and  resembling  a  serous  membrane,  but  with  no  definite  parietal 
layer,  although  the  endothelium  of  the  fibrous  lining  of  the  head  (dura  mater)  is  continuous 
with  that  of  the  arachnoid. 

Serous  membranes  act  as  large  lymph  spaces  ;  they  serve  to  diminish  friction  during  the 
motions  of  the  viscera,  which  they  retain  in  their  places. 

34.  SYNOVIAL  MEMBRANES  resemble  serous,  but  are  later  in  date  of 
origin,  and  their  surfaces  are,  here  and  there,  projected  into  villi,  whose  superficial 
cells  secrete  a  muco-albuminous  fluid  in  place  of  the  serous  exudation  which 
moistens  true  serous  membranes.  Synovial  membranes  lining  joints  are  not  of 
themselves  shut  sacs,  as  there  is  no  membrane  covering  the  cartilage,  nor  on 
some  patches  of  the  circumference  where  the  ligaments  are  strongest.  The 
deep  layer  of  synovial  membrane  is  more  vascular  than  that  of  serous. 

Synovial  membranes  are  found  either  as  the  lining  of  joints,  or  as  bUFSSB, 
which  are  closed  sacs  (a)  between  contiguous  soft  parts,  or  (b)  beneath  soft  parts 
which  glide  tensely  over  a  bone.  Bursa?  are  formed  around  and  beneath 
tendons  in  the  neighbourhood  of  joints ;  and  the  hard  part  on  which  the 
tendon  plays  is  often  invested  with  a  layer  of  cartilage  over  which  the  synovial 
membrane  does  not  extend.  When  they  completely  surround  tendons,  as 
in  the  fingers  and  toes,  they  are  called  theCc8  or  sheaths,  and  the  tendons 
.are  connected  to  the  sheaths  by  synovial  reflections.  Sometimes  bursa?  lie 
between  exposed  areas  of  skin  and  projecting  subjacent  bony  points,  such  as  the 
patella,  olecranon,  ankles,  &c. 

Their  membrane  differs  from  the  synovial  membrane  of  joints  in  not  having  so  continuous 
or  so  definite  an  endothelial  lining  ;  indeed,  while  some  bursa?,  such  as  that  beneath  the 
ligamentum  patella?,  have  a  more  or  less  regular  lining  of  regular  endothelium,  others  have 
only  elongated  connective  cells  forming  an  imperfect  lamella;  and  there  are  all  possible 
gradations  met  with  between  the  regular  saccular  bursa,  and  a  loose  meshwork  of  areolar 
tissue,  of  which  the  bursa  is  only  a  specialisation. 

Bursa?  may  be  (1)  subcutaneous,  (2)  subfascial,  (3)  between  two  tendons,  or  (4)  between 
tendons  and  subjacent  ligaments  or  bone.  Of  these,  some  communicate  with  the  neighbouring 
joints  always,  some  occasionally,  and  some  never. 

Bursa?  underlying  parts  which  have  an  extensive  range  of  motion  are  unilocular,  with  a 
single  cavity.  Bursa?  spread  over  an  extensive  surface,  and  whose  walls  move  but  little  on 
each  other,  are  often  divided  by  imperfect  fibrous  septa,  and  are  called  multilocular.  Almost 
all  the  deeper  bursa?  are  unilocular,  most  of  the  subcutaneous  bursa?  are  multilocular. 
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35.  NATURE  OF  NERVOUS  TISSUE.— All  protoplasm  is  capable  of  being  stimulated 
to  metabolism  and  the  discharge  of  energy  by  external  agencies;  but  in  the  differentiation 
which  characterises  the  development  of  animals,  a  physiological  division  of  labour  takes  place 
in  many  cells,  whereby  the  contractility  of  one  part  of  the  apparatus  becomes  intensified, 
constituting  muscular  tissue,  while  the  capacity  of  receiving  sensations  becomes  concentrated 
in  other  cells  of  the  surface  layer.  In  vegetables,  the  continuity  of  protoplasm  in  contiguous 
cells  is  the  method  whereby  the  organism  is  unified;  but  in  animals,  where  this  continuity 
fails,  a  supplemental  contrivance  is  needed  for  the  purpose.  In  the  lower  metazoa  this 
differentiation  is  partial,  sensation  being  possessed  by  most  of  the  ectodermal  cells,  whose 
bases  are  elongated  into  long  contractile  processes,  on  which  account  they  art'  called  neuro- 
muscular cells.  In  animals  of  a  higher  grade,  the  capacity  of  receiving  and  transmitting 
impressions  becomes  limited  to  the  cells  of  a  certain  part  of 
the  surface  only,  and  these,  which  are  called  nerve  cells,  become 
differentiated  from  the  cells  of  the  muscular  system,  although 
correlative  to  them  in  function.  In  such  animals  the  nerve 
cells  receive  the  impress  of  a  stimulus  from  without,  and  trans- 
form it  into  an  impulse  of  nerve  force,  which  sets  up  contraction 
in  the  muscle  conuected  therewith  ;  and,  in  the  natural  living 
state,  muscle  only  contracts  when  it  receives  its  stimulus 
through  its  nerves.  In  higher  animals,  the  development  of  the 
nerve  cells  chiefly  takes  place  in  an  elongated  strip  of  epiblast 


Fig.  85.  —  Xerve  cell  from  Gasserian 
ganglion— n,  nuclei  of  sheath;  fibre 
dividing  at  t,  node  of  Ranvier. 


fig.  S6.—  I,  Xerve  cell  from  anterior  horn  of 
spinal  cord  ;  II,  ganglion  cell  and  sheath. 


in  the  mediodorsal  line  ;  and  in  the  in-folding  of  the  organism  during  its  embryonic  growth, 
these  cells  constitute  the  functional  portion  of  the  tissue  which  is  included  between  the 
medullary  folds,  and  which  coiisecrueutly  forms  a  large  element  in  the  wall  of  a  closed 
tube,  the  primitive  central  nervous  system  (fig.  13). 
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SO  NERVE    CELLS. 

The  two  tissues,  nerve  and  muscle,  in  which  these  animal  properties  of  irritability  and 
contractility  inhere,  are  called  "animal"  tissues,  to  distinguish  them  from  epithelium  and 
connective  or  "vegetative"  tissues. 

The  tubular  wall  of  the  primitive  central  nervous  system  consists  at  first  of  a  single 
layer  of  cells,  but  these  multiply  and  differentiate,  some  of  the  cells  becoming  elongated, 
and  uniting  with  their  fellows  to  form  a  reticulum  of  support-cells  (neuroglia),  whose 
interspaces  are  filled  by  the  true  nerve  cells  and  their  processes.  The  nerve  cells  them- 
selves become  divided  into  a  receptive  series,  which  receive  impressions  from  without,  and 
a  distributive  series,  in  which  the  impulse  is  transformed  into  a  wave  of  nerve  force  to  be 
transmitted  to  the  muscles. 

In  the  human  body,  the  component  tissues  of  the  nervous  system  are  usually 
divided  into  nerve  cells  and  nerve  fibres ;  but  the  latter  are  only  elongated 
processes  of  the  former,  from  which  they  cannot  fee  morphologically  separated. 
The  axis  cylinder  is  no  mere  telegraph  wire ;  it  is  a  genuine  extension  of  the 
central  apparatus.  For  convenience  of  description,  the  nervous  system  may 
be  divided  into  two  parts,  the  nervous  centres  (brain  and  spinal  cord),  which 
are  contained  within  the  neural  canal,  and  the  peripheral  nervous  system,  con- 
sisting of  nerve  fibres  emitted  from  the  centres,  distributed  through  the  body, 
and  ending  in  the  different  tissues. 

36.  NERVE  CELLS. — -Nerve  cells  are  rounded,  fusiform,  or  stellate,  differ- 
ing in  shape  in  the  several  parts  of  the  central  nervous  system,  and  varying  in 
size  from  60-135  fi  in  the  spinal  cord  down  to  granules  of  extremely  minute 
dimensions.  Each  cell  has  a  wall  containing  a  finely  granular,  obscurely 
fibrillated  protoplasm,  with  a  characteristic,  large,  round,  clear,  vesicular 
nucleus,  containing  a  reticulum  and  one  or  two  highly  refracting  nucleoli, 
and  surrounded  by  a  firm  nuclear  membrane.  A  few  specks  of  greyish-brown 
pigment  are  scattered  among  the  metajDlasm  granules,  especially  at  the  edge 
of  the  nucleus.  Each  cell  sends  off  one,  two,  or  more  processes  (fig.  86,  I.,  y), 
and  is  accordingly  named  uni-,  bi-,  or  multi-polar.  One  of  these,  the  axis- 
Cylinder  process  (2),  remains  unbranched,  and  its  continuation  out  from  the 
nervous  centre  is  called  a  nerve  fibre,  while  the  others  when  they  exist  are 
often  complexly  branched,  mostly  anastomosing  with  those  of  neighbouring 
cells,  and  are  called  protoplasm  processes,  although  they  are  non-contractile. 

Some  bipolar  cells  (fig.  87)  are  nucleated  dilatations  in  the  course  of  a  fibre,  which 
may  either  occupy  nearly  its  whole  continuity,  or  may  be  unilateral,  bulging  on  one  side 
of  it,  sometimes  so  far  displaced  that  the  cell  appears  as  if  it  were  unipolar  and  joined 
to  the  continuity  of  the  nerve  by  a  single  neck  ;  but  gradations  are  traceable  between  the 
primitive  fusiform  dilatation  and  the  T-shaped  mode  of  union  with  the  continuity  of  the 
nerve. 

A  cluster  of  nerve  cells  in  the  course  of  a  nerve  cord  is  called  a  ganglion. 
Each  ganglion  cell  is  enclosed  in  an  endothelium-like  sheath 
(fig.  85,  n);  between  this  and  the  cell  there  is  often  a  lymph 
space. 
Ik  I  Nerve  cells  are  supjoorted  in  the  nervous  centres  ( 1 )  by 

ffi'l  tf$?\  C%^«  ^ne  interlacement  of  their  protoplasm-processes,  (2)  by  the 
neuroglia  cells  and  a  certain  amount  of  a  granular  ground- 
substance  surrounding  them,  and  (3)  by  a  little  connective 
tissue  which  enters  with  the  blood-vessels. 


37.   NERVE  FIBRES,  which  convey  the  impressions 

Flf'ecomli?;Punfo'olS     of  external  stimuli  to  the  nerve  cell,  or  impulses  of  nerve 

by     approximation     force  from  the  cell  to  the  muscle,  consist,  in  their  simplest 

and  union  of  poles.      form,   of  the  far-reaching    extension  of  the    axis-cylinder 

processes  of  the  nerve  cell.     Each  of  these  is  hand-like  or 

cylindrical,  transparent,  consisting  of  a  semi-fluid  material,  enveloped  in  a  very 

thin  but  resisting   sheath  of  neuro-keratin,  and,  when  acted  on  by  reagents, 
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appears  to  consist  of  a  variable  number  of  fine  homogeneous,  often  moniliform, 
primitive  nerve  fibrillar,  each  of  which  measures  from  -0.005  mm-  upwards  in 
diameter  (fig.  86,  1  and  2). 

The  material  around  these  fibrils  in  the  axis  cylinder  appears  as  a  faintly  granular 
grcmnd-substance,  and  the  component  strands  frequently  separate  and  reunite  so  as  to  form 
a  minute  network,  ultimately  separating  for  their  final  distributiou  into  its  component 
primitive  fibrillar.  It  is  most  probable  that  much  of  this  fibrillar  appearance  is  due  to 
reagents. 

Fibres  of  this  kind  are  called  non-medullated  (fig.  86,  1  and  2),  and  are  either 


Fig.  88. — Eemak's  fibres  non-medul- 
lated, with  b,  fibrils ;  n,  nucleus 
and  a  little  protoplasm,  y,  around 
the  nucleus. 


Fig.  89. — Medullated  nerve  fibres — a, 
axis  cylinder  ;  s,  sheath  of  Schwann  ; 
p,  granular  substance  at  poles  of 
nucleus. 


naked,  as  in  many  sympathetic  nerve  fibres,  or  else  are  invested  by  a  very 
faintly  developed  sheath  or  neurilemma,  including  a  few  elongated  nuclei 
(fig.   88)  embedded  in  the  surface  of  the  filament.      Such   fibres   are   found 
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in   tho   olfactory   and   sympathetic  nerves   and    all   the  nerves   of  the   foetus 

before  the  fifth  week. 

In   most  human  nerves  the  axis  cylinder,   after  a   short  course,   becomes 

invested  with  a  glistening  white  highly  refracting  envelope,  the  medullary 

Sheath,  giving  to  the  nerve  when  hardened  a  double-contoured  appearance 
(fig.  89,  s).  Aggregations  of  these  medullated  fibres  make  up 
large  portions  of  the  nervous  centres,  the  parts  so  constituted 
appearing  white,  while  the  masses  of  nerve  cells  appear  grey  from 
the  pigment  which  they  contain.  We  speak,  therefore,  of  these 
as  grey  and  white  nerve  matter  respectively. 

Outside  the  nervous  centres,  each  medullated  nerve  fibre  is 
enclosed  in  a  delicate  hyaline  neurilemma,  and  appears  con- 
stricted at  certain  definite  spots  (nodes  of  Ranvier — figs.  89, 
/•,  r ;  90,  fs)  where  the  medullary  sheath  is  interrupted,  and 
the  axis  cylinder  is  covered  only  by  the  neurilemma,  which  is 
thickened  at  these  spots. 

It  is  possible  that  the  absorption  of  nutriment  by  the  axis  cylinder  may 
be  most  active  at  the  nodes  of  Ranvier,  as  nerves  placed  in  picrocarmin 
stain  at  these  nodes  first.  Each  internodal  segment  of  the  medullary  sheath 
possesses  a  nucleus  («)  sunk  into  its  surface  under  the  neurilemma,  about 
the  middle  of  its  extent,  but  not  enclosed  in  it.  This,  in  young  subjects, 
is  surrounded  by  a  thin  lamella  of  protoplasm.  The  internodal  segments  of 
the  sheath  under  the  influence  of  some  reagents  appear  as  if  broken  up  by 
notches  (Lantermann's,  i,  i)  into  strips,  which  are  oblkpiely  cut  at  the 

ends  (cylinder  cones). 

We  know  so  little  of  nerve  foi'ce  that  it  is  but  conjectural  to  suppose 
that  the  sheath  insulates  the  axis  cylinder,  and  possibly  prevents  dis- 
sipation of  force  or  the  inductive  influence  of  neighbouring  currents. 

Medullated  fibres  do  not  break  up  and  rejoin  in  a  plexiform 
manner  as  do  non-medullated,  nor  do  they  branch  except  at 
or  near  their  terminations.  Division  takes  place  at  a  node, 
each  ultimate  fibril  losing  its  sheath  before  it  ends. 

When  medullated  nerves  require  suddenly  to  break  up  into 
non-medullated  branches,  a  ganglion  cell  is  interposed.  The 
chains  of  ganglia,  which  constitute  the  sympathetic  system,  consist  of  such  cells 
interposed  between  the  insulated  medullated  fibres  coming  from  the  spinal 
cord,  and  their  non-medullated  continuations  distributed  to  the  viscera  and 
vessels.     Medullated  fibres  range  from  1  to  20^  in  thickness. 

Medullated  nerves  are  united  into  small  primary  bundles  by  interstitial 
connective  tissue  (endoneurium — fig.  91,  ed),  consisting  of  small  irregular 
cells,  fine  fibrils,,  and  copious  ground-substance  traversed  by  a  few  capillaries 
and  with  abundant  lymph  spaces  around  each  fibril.  Groups  of  primary 
bundles  are  bound  together  into  secondary  bundles  by  laminated  sheaths  of 
connective  tissue  (perineurium,  ]ie),  each  layer  of  which  consists  of  interlaced 
white  and  yellow  fibres  coated  with  endothelium  on  both  surfaces. 

When  each  secondary  bundle  divides,  the  perineurium  thins  upon  the  branches,  becoming 
on  the  ultimate  secondary  branches  a  homogeneous  lamella  with  a  thin  endothelium  (sheath 

of  Henle). 

Those  cords,  which  in  descriptive  anatomy  are  called  nerves,  are  formed  by 
the  aggregations  of  secondary  bundles,  invested  by  a  connective  epineurium 
(ep),  which  is  connected  by  septa  with  the  sheaths  of  the  secondary  bundles : 
a  few  blood-vessels,  the  fine  nervi  nervorum,  and  large,  freely  communicating 
lymph  spaces  are  also  contained  in  these  sheaths. 

Nerve  tissue  is  dense,  having  a  specific  gravity  of  i'o36.  The  modulus  of  elasticity  of 
nerve  is  1  "0905 ;  and  the  breaking  weight  of  a  cord  8  sq.  mm.  in  cross-section  is  23  kilos.    This 


Fig.  90. — Node 
of  Ranvier 
magnified 
more  highly. 


NERVE   ENDINGS. 


varies  a  little  with  individual  nerves,  and  depends  on  the  amount  and  arrangement  of  the 
connective  sheaths.  The  sciatic  nerve  bore  46  kilos,  without  breaking,  and  the  median  24. 
Twenty-seven  cm.  of  the  median  nerve  with  this  weight  lengthened  to  42  cm. 


ej. 


: 


Fig.  91. — Transverse  section  of  the  intercosto-humeral  nerve. 

38.  PHYSIOLOGICAL  CLASSIFICATION  AND  ENDINGS  OF  NERVE 
FIBRES. — Nerves  conveying  impressions  from  the  surface  to  the  centres  are 
called  afferent,  sensory,  or  centripetal ;  those  which  convey  impulses  from  the 
centres  to  muscles  are  motor,  efferent,  or  centrifugal.  The  former  end  super- 
ficially in  or  between  epithelial   cells  ;    hut  we   are  still    ignorant   as  to    the 


Fig.  92. — End  bulb  from  conjunctiva — 
b,  core  ;  c,  fibre. 


Fig.  93. — Touch  corpuscle 
from  palm  of  hand. 


molecular  mechanism  of  nerve  endings.  The  simplest  nerve  endings  are  fine 
free  points  between  and  in  contact  with  simple  or  specially  modified  epithelial 
cells  (cells  of  Langerhans— fig.  47,  b),  but  more  complex  forms  also  occur  of  the 
following  kinds : — 
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i.  EndbulbS. — Rounded  bodies  at  the  ends  of  primary  nerve  bundles, 
composed  of  a  capsule  of  connective  tissue  (fig.  92,  a),  continued  from  the 
sheath  of  Henle,  and  containing  elongated  nuclei;  within  this  the  nerve  runs 
tortuously  in  a  finely  granular  and  nucleated  matrix,  and  ends  probably  by 
dividing  into  its  primitive  fibrils  (d).  These  are  sometimes  very  small  ("075  mm.) 
and  with  a  delicate  capsule,  as  on  the  conjunctiva  close  to  the  cornea ;  they  are 
thicker-coated,  spheroidal,  and  larger  on  the  prolabium  and  on  the  under-tongue ; 
larger,  lobate,  and  with  larger  nerve  filaments  on  the  glans  penis  ('13  mm.) 

2.  Touch  Corpuscles. — Larger  bodies  0-13  mm.  in  diameter,  found  at  the 
ends  of  secondary   nerve   bundles  in  dermal    papillae  (fig.  93),  enclosed   in   a 

nucleated  and  laminated  connective  capsule  formed 
of  the  dilated  sheath  of  Henle,  within  which  the 
nerve  fibres  (fig.  93,  n),  losing  their  medullary 
sheath,  give  off  branches  nearly  at  right  angles, 
and  end  in  knobs,  a,  a,  on  the  surface  of  the 
contained  cells. 

Corpuscles  of  this  kind  are  simple  or  compound,  often 
in  twins  or  triplets,  straight  or  bent,  ovate  or  lobed, 
according  to  the  place  in  which  they  are  developed;  they 
are  very  plentiful  on  the  skin  of  the  hand.  On  the  radial 
side  of  the  last  joint  of  the  index  finger  there  are  22  in 
each  square  millimetre;  on  the  second  joint,  8;  on  the 
first  joint,  3 ;  on  the  tip  and  thumb-side  of  the  last  joint 
of  the  middle  finger,  17  ;  on  the  first  joint  of  the  little 
finger,  1.  -    . 

Corpuscles,  which  in  character  possess  features 
somewhat  intermediate  between  endbulbs  and 
touch  corpuscles,  are  found  in  the  synovial  folds 
of  the  finger-joints,  as  well  as  more  sparsely  in 
synovial  folds  elsewhere.  In  some  tendons,  there 
are  thicker-layered  corpuscles  with  unbranched 
nerves  surrounded  by  rows  of  nuclei. 

3.  The  largest  of  the  nerve  endings  are  Pacinian 
Corpuscles  (fig.  94),  oval  bodies  1-3  mm.  long, 
each  set  on  the  end  of  a  nerve  with  a  thick 
perineurium,  which  is  continued  into  the  many 
layered  capsule.  The  chief  bulk  of  the  corpuscle 
is  made  up  of  30  or  40  concentric  connective 
lamellpe  (fig.  94,  c)  in  two  series,  outer  and 
inner  (d),  each  lined  internally  with  endothelium, 
surrounding  a  core  of  transparent  matter  in  which 
the  nerve  which  has  lost  its  medulla  on  entrance 
(e)  runs  axially  to  end  in  a  dilated  extremity,  or  in 
a  little  umbel  of  branches,  each  of  which  has  a 
knobbed  end  (/).  Rows  of  spherical  nuclei  lie 
embedded  in  the  clear  substance. 


Fig.  94.- 


-Pacinian  corpuscle  ; 
a,  stalk. 


In  the  deep  connective  layer  of  the  dermis  of  the  thumb,  there  are  about  70 ;  on  the 
index  finger,  105;  on  the  middle  finger,  60;  in  the  whole  hand,  about  500.  Others  are 
scattered  elsewhere;  about  150  have  been  counted  on  nerves  of  the  aortico-renal,  cceliac, 
and  mesenteric  plexuses.  On  the  finger -joints  they  are  numerous  as  also  they  are  on  the 
front  of  the  elbow-joint ;  in  all,  530  have  been  counted  about  the  joints  of  the  upper 
extremity,  and  317  about  those  of  the  lower. 

In  special  sense  organs  the  nerve  fibres  end  in  the  different  kinds  of  neuro- 
epithelium,  to  be  specially  desci'ibed  in  connection-  with  each  organ. 

In  unstriped  muscle  the  non-medullated  nerves  form  a  primary  ox  ground 
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plexus  among  the  fibres,  whose  filaments  unite  into  a  secondary  or  intermediary 
plexus,  whose  nodal  points  are  nucleated.  This  sends  off  intermuscular  fibres 
{fig.  95,  d),  breaking  up  into  primitive  fibrils  on  the  surface  of  the  muscle 
cells.  In  striped  muscles  the  medullated  fibres  run  nearly  at  right  angles 
with  the  muscle  fibres,  and  the  axis  cylinders  (fig.  96,  A)  pierce  the  sarco- 
lemma,  with  which  the  sheath  of  the  nerve  fibre  becomes  continuous — the 
sheath  of  Henle  (b)  being  continuous  into  the  outer  layer  or  epilemma  which 
contains  nuclei  (d);  Schwann's  sheath  into  the  inner  or  endolemma.  The  nerve 
then  breaks  up  into  a  set  of  terminal  branches,  which  are  united  by  a  granular 
intervening  substance  into  an  expanded  plate,  on  a  nucleated  basis  (B),  lying 


a  A  a- 


Fig.  95. — Nerve  ending  in  smooth 
muscle—  c,  nerve;  a,  smooth 
fibres ;  b,  nerve  endings  in 
sheath  ;  e,  nodal  swelling. 


Fig.  96. — Nerve  ending  in  striped  muscle — a,  med- 
ullary sheath ;  c,  nuclei  in  Henle's  sheath ;  A", 
termination  of  A ;  E,  nucleus  of  muscle. 


on  the  substance  of  the  muscle  (7'"').  Each  muscular  fibre  has  at  least  one  such 
nerve  ending,  into  which  occasionally  two  nerves  are  traceable.  The  contraction 
of  a  muscle  fibre  starts  from  the  ground  plate. 

The  size  of  the  nerve  bears  no  definite  relation  to  that  of  the  muscle  to 
which  it  is  distributed.  The  external  rectus  oculi  muscle  is  in  section  thirty 
times  greater  than  its  nerve  the  sixth,  and  there  are  three  nerve  fibres  for  every 
seven  muscular  fibres.  On  the  other  hand,  the  tibialis  anticus  muscle  is  in 
cross-section  150  times  greater  than  its  nerve,  and  has  one  medullated  nerve 
•fibre  for  each  eighty  muscle  fibres. 

39.  DEVELOPMENT  OF  THE  NERVOUS  SYSTEM.— The  formation  of 
the  first  trace  of  the  nervous  system  has  been  already  noticed  (§  11). 

When  the  medullary  groove  is  closed,  the  neural  tube  behind  the  first  vertebra  is  at  first 
uniform  in  the  thickness  of  its  wall,  but  speedily  begins  to  show  regional  alterations,  and 
its  cavity  (c)  becomes  somewhat  lozenge-shaped  in  section,  and  sagittally  elongated.  Its 
wall  thickens,  owing  to  the  rapid  multiplication  of  its  cells,  which  differentiate  into  two  zones, 
an  inner  (fig.  97,  i.z)  of  closely  set,  radially  disposed  cells,  which  become  specially  modified 
into  the  non-nervous  tissues  of  the  central  system,  such  as  the  lining  cells  of  the  central 
•canal  and  the  neuroglia  cells;  and  an  outer  incomplete  stratum  {o.z),  of  sagittally  or  longi- 
tudinally directed  cells,  on  each  side,  which  does  not  extend  from  one  side  to  the  other, 
either  in  front  or  behind  the  central  canal.  This  outer  layer  at  each  side  thickens  at  its 
ventral  part,  and  forms  an  anterior  horn  (fig.  98,  «./<);  it  remains  thin  in  the  middle,  but 
thickens  again  behind  into  a  posterior  horn  (p.h).  The  cells  of  the  anterior  horn  become 
aggregated  in  metameric  groups,  and  each  sends  off  a  network  of  so-called  protoplasm  pro- 
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cesses  and  an  axis-cylinder  process.  The  white  substance  which  subsequently  invests  the 
grey  mass  of  nerve  cells,  is  developed  from  the  axis-cylinder  processes  of  the  cells  themselves. 
The  metameric  bundles  of  these  pass  out  from  the  spinal  cord,  penetrating  at  first  beneath, 
then  into  each  muscle  plate,  forming  the  anterior  roots  of  the  nerves  {a.r).  The  branching 
processes  do  not  arise  from  the  nerve  cells  until  later.  One  early  developed  set  of  processes 
appears  in  the  outer  stratum  of  cells  as  arcuated  fibres  running  sagittally  from  behind 
forwards,  and  these  are  continued  across  the  middle  line  to  the  opposite  side,  making  an 
anterior  commissure  {a.c). 

Between  the  point  of  emergence  of  the  anterior  root  and  the  middle  line,  a  band  of  white 
longitudinal  fibres  becomes  developed  on  each  side,  and  forms  the  anterior  lohite  column  of 
the  cord  (fig.  ioo,  acl).  These  bands  grow  forwards  and  project  beyond  the  plane  of  the  anterior 
commissure,  which  on  this  account  appears  as  the  floor  of  a  median  groove,  the  anterior  fissure 
of  the  spinal  cord  (fig.  98,  a./). 


Fig.  97. — Embryonic  spinal 
cord,  diagrammatic — p.r, 
posterior  nerve  root;  a.r, 
anterior  root. 


Of. 

Fig.  98.— Embryonic  spinal  cord. 


Fig.  99- — Scheme  of 
probable  mode  of 
origin  of  anterior 
and  posterior  roots 
— g,  ganglion  ;  c, 
afferent  fibres  to 
cord ;  f,  fibres  to 
join  anterior  roots, 
a  ;  s,  spinal  cord. 

The  mode  of  origin  of  the  posterior  roots  of  the  spinal  nerves  is  difficult  to  trace.  On  the 
dorsal  side  of  each  anterior  root  a  ganglion  is  formed,  probably  as  a  separate  structure, 
originating  from  a  patch  of  surface  epiblast  (or  as  a  separate  outgrowth  from  the  outer  layer 
of  the  cord  on  each  side  of  the  medio-dorsal  line).    Each  cell  of  the  ganglion  (fig.  99,  g)  is  at  first 

bipolar,  the  one  process  being  centrifugal  (/),  passing 
outwards  to  join  the  anterior  root ;  while  the  other 
elongates  backwards  centripetally  (c),  and  enters 
the  side  of  the  spinal  cord  on  the  level  of  the  hinder 
grey  column.  These  fibres,  on  entering  the  cord, 
constitute  the  posterior  root  of  the  spinal  nerve, 
and  are  continuous  upwards  as  a  white  bundle  into 
the  posterior  column  of  the  cord  (fig.  100,  pc).  The 
poles  of  the  ganglion  cells  become  subsequently 
united  into  a  T-shaped  root,  so  as  to  make  the  cells 
appear  as  unipolar. 

The  growth  of  the  grey  masses  on  each  side  of 
the  central  canal  causes  the  obliteration  of  the 
posterior  portion  of  the  canal.  At  the  same  time, 
the  spreading  backwards  of  the  posterior  white 
column  (fig.  100,  pc),  around  the  hinder  horn  of 
grey  matter  towards  the  medio-dorsal  line,  causes 
the  back  of  the  cord  to  project  on  each  side,  leaving 
between  the  two  growing  halves  a  deep  median 
groove,  the  posterior  fissure  (pf).  On  the  opposed 
surfaces  of  this  fissure  a  stratum  of  white  fibres 
developes  to  form  the  column  of  Goll  (g),  and  this 
still  further  transforms  the  posterior  groove  into 
a  very  deep,  narrow  fissure.  The  two  fissures  thus 
owe  their  origin  to  the  lateral  overgrowth  of  the 
sides  of  the  cord.  The  central  canal  (c)  of  the  cord  becomes  very  narrow,  and  is  lined  by 
ciliated  epithelium  ;  the  original  antero-posterior  depth  of  the  cord  is  shown  by  the  depth 
of  the  median  commissures. 

The  grey  matter  on  each  side  of  the  cord  now  appears  somewhat  crescentic  in  section,  and 
can  be  divided  into  four  grey  columns  : — An  anterior  (ah),  a  lateral  (Ih),  and  a  posterior  horn 


Fig.  100.- 


ael. 
-Half  of  foetal  spinal  cord. 
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(ph),  and  a  postero-internal  or  vesicular  column — Clarke's  (cc).  The  white  matter  investing 
it  is  arranged  in  four  columns  : — Anterior  (acl),  lateral,  and  posterior  columns  (pc),  and  the 
column  of  Goll.  Each  nerve  now  appears  to  arise  by  two  roots,  an  anterior  receiving  its  fibres 
from  the  cells  of  the  anterior  and  lateral  cornua  and  Clarke's  column,  and  a  posterior  con- 
nected externally  with  the  ganglion,  and  internally  with  the  posterior  cornu. 

The  fcetal  human  spinal  cord  is  at  first  of  fairly  uniform  diameter  throughout ;  but,  later, 
as  the  extremities  develope,  it  exhibits  two  well-marked  enlargements,  one  opposite  the  roots 
of  the  nerves  for  the  arms,  the  other  at  the  origin  of  the  roots  of  the  nerves  for  the  legs. 
These  are  called  the  brachial  and  lumbar  enlargements. 

Development  Of  the  Brain. — We  have  seen  that  the  neural  tube  in  the  head  dilates  into 
three  brain  vesicles  (fig.  19),  whose  limits  are  visible  even  before  the  closure  of  the  lamina?  dor- 
sales,  and  whose  relative  positions  become  altered  by  the  cranial  flexures  (fig.  30).  The  tissue 
of  the  wall  differentiates,  the  inner  cells  becoming  au  epithelial  lining,  the  ependyma,  next 
to  which  is  an  inner  grey  layer  homologous  with  that  of  the  spinal  cord,  and  surrounded  by  a 
layer  of  white  nerve  matter,  superadded  to  which  is  a  secondary  investing  cortex  of  grey 
matter.  The  roofs  of  the  several  vesicles  consist  originally  of  ependyma  and  neuroglia,  but 
as  the  nervous  matter  from  below  overgrows  and  displaces  these  more  purely  membranous 
portions,  they  become  wrinkled  and  folded,  and  form  the  several  choroid  plexuses. 

The  cavity  of  the  posterior  brain  vesicle  (fig.  101)  is  called  the  fourth  ventricle  (v*); 
its  floor  and  sides  become  the  myeleneephalon  or  medulla  oblongata  {obi)  and  the  pons 
Varolii  (ps),  while  its  dorsal  wall  becomes  the  epeneephalon  or  cerebellum  (cbl).  The 
wall  of  the  middle  vesicle  thickens,  and  forms  the  mesencephalon  or  optic  lobes  above 
(bg),  while  its  cavity  becomes  a  narrow  canal,  the  aqueduct  of  Sylvius.  This  portion,  which 
seems  to  represent  the  nerve  centre  of  the  peristomial  segment,  with  the  third  pair  of  nerves 
as  its  outgrowth,  is  the  least  modified  segment  of  the  brain. 


Pig.  101. — Scheme  of  longitudinal  section  of  brain 
of  embryo  fowl.  The  ventricles  are  shaded — 
ac,  anterior  commissure;  cum;  anterior 
medullary  velum  ;  ba,  basilar  artery  ;  cai, 
carotid  artery;  h,  hemisphere;  It,  lamina 
terminalis ;  olf,  olfactory  nerve  ;  ope,  optic 
commissure ;  r,  roof  of  fourth  ventricle. 


Fig.  102. — Scheme  of  horizontal  sec- 
tion of  brain — t,  lamina  termin- 
alis ;  q,  optic  lobes  ;  s,  aqueduct 
of  Sylvius  ;  p,  fourth  ventricle  ; 
b,  cerebellum ;  y,  medulla  oblon- 
gata. 


The  anterior  brain  vesicle  (v3)  undergoes  remarkable  changes.  On  its  first  closure  it 
is  a  single  cavity,  but  it  soon  sends  off  on  each  side  a  ventro  laterally  directed  hollow  out- 
growth, the  optic  vesicle,  which  projects  downwards  and  towards  the  surface  to  meet  the 
optic  invagination  of  epiblast,  and  to  form  therewith  the  eyeball.  In  front  of  this  the 
cavity  becomes  divided  into  two  parts,  a  smaller  hinder  or  thalamic  (the  third  ventricle,  fig. 
102,  a),  and  a  larger  fore  or  cerebral  portion  (I).  Of  the  former,  the  floor  is  elongated  into  the 
stalks  of  the  optic  vesicles  (optic  nerves,  fig.  101,  0);  and  posteriorly,  it  forms  a  funnel-like 
process  (in/),  which  medially  touches  the  fundus  of  the  oral  invagination  (pit),  and  forms 
the  pituitary  body  or  hypophysis.  The  roof  of  the  thalamic  cavity  remains  thin  anteriorly, 
and  is  supplanted  largely  by  the  overlying  layer  of  vascular  connective  tissue,  called  the 
velum  interposilum  (c/t3) ;  posteriorly,  the  roof  is  prolonged  into  a  median  pouch  which  pro- 
jects to  the  surface,  at  whose  fundus  a  rudimental  sense-organ  is  developed  which  never 
becomes  functional  in  the  vertebrate,  remaining  in  the  adult  as  t\\e  pineal  gland  (pin).  This 
segment  of  the  brain  is  the  tlialamencephalon,  and  the  thickened  sides  of  the  cavity  constitute 
the  optic  thalamus  (fig.  102,  0). 
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The  anterior  or  cerebral  part  of  the  anterior  vesicle  {■prosencephalon)  becomes  divided  by  the 
ingrowth  of  a  sagittal  median  involution  into  two  lateral  parts,  the  cerebral  hemispheres 
(tig.  102,  n).  The  floor  of  each  of  these  thickens  and  forms  the  corpus  striatum  (tig.  101,  st), 
and  the  roof  expands,  growing  more  quickly  than  its  enclosing  sheath  of  mesoblastic  tissue, 
and  therefore  becoming  convoluted,  the  lines  of  folding  indicating  the  areas  of  most  rapid 
superficial  growth.  The  central  cavities  in  these  hemispheres  are  called  the  lateral  ventricles, 
and  as  the  hemispheres  become  doubled  upon  themselves  or  rotated  backwards,  so  these 
cavities  extend  backwards,  over  the  thalami,  their  communication  with  the  thalamic  cavity 
narrowing  to  a  small  opening,  the  foramen  of  Monro  (tig.  103,  m). 

The  nervous  system  is  that  which  binds  all  parts  of  the  body  into  one 
harmonious  and  sympathising  unity.  Each  structure  is  connected  with  some 
nerve  cell,  and  the  groups  of  nerve  cells  are  connected  with  each  other. 

Each  metameric  segment  of  the  body  consists  of — 1st,  an  epiblastic  investment  exposed  to 
external  impressions  ;  2nd,  the  muscles  developed  from  the  somatopleure ;  3rd,  the  visceral 
structures  derived  from  the  splanchnopleure,  with  their  vessels,  muscles,  glands,  and  mucous 
surfaces.     Correlated  with  these  parts  there  are  in  each  segmental  nerve  three  sets  of  fibres — 

(1)  sensory  or  afferent,  conveying  impressions  from  both  the  somatic  and  splanchnic  surfaces; 

(2)  motor,  with  large  ( 13-18 /*)  medullated  fibres,  to  the  somatic  muscles;  and  (3)  visceral 
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Fig.  103. — Transverse  section  of  foetal  lamb's  head ~x  iq, 
showing  optic  vesicles — a,  orbitosphenoid  cartilage ; 
sa,  presphenoid ;  c,  fibres  of  cms  cerebri ;  ch,  optic 
commissure ;  f,  fissure  between  two  cerebral  hemi- 
spheres, h  ;  p,  pharynx;  th,  optic  thalamus;  pi, 
choroid  plexus  on  each  side  of  velum  iuterposi- 
tura,  s. 
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Fig.  104. — Scheme  of  column  of  grey 
matter  in  the  nervous  centres  and 
of  the  nerves  arising  therefrom. 


branches,  to  the  parts  derived  from  the  splanchnopleure  or  upon  the  same  horizon.  These 
are  twofold,  one  set  consisting  of  small  (3-8  fi)  medullated  fibres,  are  distributed  to  the 
striped  muscles  of  the  viscera  without  passing  through  intermediate  ganglia,  the  second  set 
form  ganglia  from  which  the  fibres  of  distribution  arise. 

Eachsegment  of  the  body  had  originally  its  own  metameric  nerve,  springing  from  its  own 
ganglionic  centre.  There  are  also  connected  with  each  metameric  nerve  two  sets  of  ganglia — 
one  the  fixed  ganglia  of  the  posterior  root,  connected  with  the  afferent  nerves ;  the  other  the 
vagrant  ganglion  of  the  efferent  splanchnic  fibres. 

The  first  series  form  the  posterior  root  of  the  nerve  and  pass  into  the  spinal  cord  to  end 
in  the  substance  of  the  posterior  horn  of  grey  matter  (fig.  104),  the  second  form  part  of  the 
anterior  root  and  arise  from  the  anterior  horn,  while  the  visceral  have  a  three-fold  source, 
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partly  from  the  lateral  horn,  partly  from  the  column  of  Clarke,  and  partly  from  solitary  cells 
at  the  base  of  the  hinder  horn.  The  second  or  gangliated  set  of  these  visceral  nerve  fibres 
separate  from  the  rest  of  the  spinal  nerve  shortly  after  its  exit  from  the  spiual  canal,  and  pass 
into  a  ganglion  on  the  ventro-lateral  side  of  each  vertebra  (fig.  104).  In  each  of  these  vertebral 
or  sympathetic  ganglia  many  of  the  medullated  fibres  become  non-niedullated.  Branches 
from  these  ganglia  form  a  second  or  prevertebral  chain  at  the  root  of  the  splanchnopleure, 
and  from  these  the  branches  of  distribution  arise  and  form  a  series  of  minute  terminal 
ganglia  fn  the  viscera.  The  viscero-  and  vaso-motor  nerves  probably  arise  from  the  cells 
at  the  base  of  the  hinder  horn  and  from  the  small  cells  of  the  lateral  horn  ;  they  run  into 
the  vertebral  chain  of  ganglia.  The  vaso-  and  viscero-inhibitory  branches  probably  arise 
from  Clarke's  column,  and  pass  through  these  to  the  distal  ganglia. 

On  the  other  elements  in  the  anterior  roots  there  are  no  ganglia.  It  is  significant  that 
the  nerves  supplying  the  viscera  arise  closer  to  the  central  canal,  while  those  supplying  the 
somatopleure  are  connected  with  the  outlying  horns  of  grey  matter. 

Owing  to  the  displacement  and  condensation  which  the  various  segments  that  make 
up  the  head  have  suffered,  these  nerve  elements  have  undergone  serious  mutations  in  the 
cranial  region,  and  the  relation  of  the  twelve  pairs  of  cranial  nerves  which  exist  in  the  adult 
to  the  primitively  segmented  type  have  become  obscured.  It  is  probable,  however,  that  they 
are  the  re-arranged  fibres  of  an  originally  simple  series  of  at  least  nine  segmented  nerves. 

These  may  be  grouped  in  two  series — 1st,  segmental  nerves  with  atrophied  elements  ;  and 
2nd,  re-arranged  nerves,  in  which  the  elements  of  the  same  kind  in  successive  segmental 
nerves  have  coalesced  into  single  cords. 

Of  the  first  series  there  are  four.  The  nerve  of  the  first  segment  is  the  motor  oculi  or 
third  pair,  which  consist  of  a  large-fibred,  non -ganglionic  somatic  efferent  part  and  a  small- 
fibred  splanchnic  motor  part,  with  a  vagrant  ganglion,  the  ciliary.  The  afferent  elements  are 
only  present  as  atrophied  rudiments.  The  second  segmental  nerve,  the  fourth  pair,  re- 
sembles the  third,  but  has  no  vagrant  ganglion;  that  of  the  third  persists  as  two  parts,  its 
somatic  motor  part  remaining  as  the  sixth  nerve;  the  splanchnic  non-gangliated  small-fibred 
portion  is  the  motor  division  of  the  fifth,  in  connection  with  which  there  are  rudiments  of 
the  obsolete  afferent  ganglion.     These  nerves  belong  to  the  mandibular  segment. 

The  nerves  of  the  fourth  or  hyoid  segment  have  no  motor  somatic  element ;  the  non- 
gangliated  small-fibred  splanchnic  motor  fibres  constitute  the  seventh  or  facial  nerve,  while 
the  gangliated  splanchnic  element  forms  the  ganglion  geniculktum  and  the  fibres  thereto 
connected.  The  afferent  ganglion  is  present  as  a  degenerated  rudiment  in  connection  with 
the  seventh. 

In  the  second  series,  the  motor  somatic  fibres  of  probably  five  nerves  have  united  to  form 
the  hypoglossal  or  twelfth  pair.  The  afferent  somatic  have  united  to  form  the  sensory  por- 
tion of  the  fifth  with  its  ganglion,  the  Gasserian  ;  the  afferent  splanchnic  branches  have 
united  to  form  elements  of  the  ninth  and  tenth  nerves,  and  keep  their  ganglia  as  those  of 
Ehrenritter  and  the  radical  vagus  ganglion  respectively.  The  gangliated  efferent  fibres  also 
form  fibres  of  the  ninth  and  tenth,  having  their  vagrant  ganglia  as  A^dersch's  and  the  trunk 
vagus  ganglion,  while  the  non-gangliated  splanchnic  fibres  have  united  .to  form  the  eleventh 
pair.  The  details  of  these  relationships  will  be  better  understood  in  connection  with  the 
descriptive  anatomy  of  these  nerves. 

The  branching  of  a  typical  metameric  nerve  may  be  represented  as  in  fig.  104.  The 
lateral  muscular  and  lateral  cutaneous  nerves  of  those  metameres  from  whose  somatopleure 
the  limbs  are  outgrowths,  are  continuous  into  these  appendages,  and  as  the  musculature  of 
the  adult  limb  has  been  moulded  into  its  present  arrangement  by  those  successive  complex 
fissions  and  recombinations  of  the  primitive  bundles  of  the  primitive  limb,  which  have  been 
taking  place  through  the  whole  pala-ontological  history  of  limb-bearing  vertebrates,  so  the 
nerves  bear  traces  of  these  mutations  by  their  unions  into  tangled  networks  called  plexuses. 
Nerve  plexuses  are  threefold — (1)  root  plexuses,  such  as  those  formed  by  the  nerves  on  their 
exit  from  the  vertebral  canal ;  (2)  stem  plexuses,  formed  on  the  course  of  a  nerve,  such  as  the 
oesophageal ;  or  (3)  terminal  plexuses,  such  as  are  found  in  most  organs.  The  presence  of  a 
root  plexus  at  the  base  of  a  limb  indicates — 1st,  that  muscles  and  nerves  from  several  meta- 
meres go  to  that  limb  ;  2ndly,  that  the  metamerically  separate  slips  of  muscle  have  at  some 
period  been  fused  into  a  sheet ;  31'dly,  that  this  sheet  has  undergone  a  primary  segmentation 
into  posterior  and  anterior  lamella?,  corresponding  to  which  the  nerves  are  similarly  divided  ; 
4thly,  that  of  the  segments  thus  formed  some  have  reunited,  while  others  have  joined 
fascicles  which  were  at  first  remote  and  heterogeneous  and  have  undergone  still  further 
subdivision. 

There  are  twelve  pairs  of  cranial  and  thirty-one  of  spinal  nerves  in  man — 
eight  cervical,  twelve  dorsal,  five  lumbar,  five  sacral,  and  one  coccygeal.  The 
first  cervical  comes  out  between  the  skull  and  the  first  vertebra;  each  succeeding 
nerve  makes  its  way  out  between  two  contiguous  vertebra?,  the  last  escaping 
between  the  last  sacral  and  first  coccygeal  vertebra. 
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Until  the  fourth  month  the  spinal  cord  is  coextensive  with  the  vertebral 
canal;  but  the  rate  of  growth  of  the  latter  exceeds  that  of  the  former,  so  that  at 
birth  the  end  of  the  spinal  marrow  is  opposite  the  lower  border  of  the  second 
lumbar  vertebra.  In  the  adult  the  spinal  cord  ends  opposite  the  lower  end  of 
the  first  lumbar  vertebra. 

"With  the  shortened  spinal  cord,  the  roots  of  the  nerves  corresponding  to 
the  lower  vertebra?  become  lengthened,  and  the  nerves  are  drawn  into  the 
canal,  and  run  alongside  of  the  end  of  the  spinal  cord,  making  the  Cauda 
equina.     The  axial  termination  of  the  spinal  cord  is  a  very  fine  thread,  the 

filum  terminate. 

The  tissue  derived  from  the  mesoblast  which  surrounds  the  brain  and  spinal 
cord  has  become  condensed  and  laminated  into  the  three  membranous  envelopes 
for  the  nervous  centres.  The  layer  in  contact  with  the  surface  of  the  brain  and 
cord  is  named  pia  mater  (fig.  105,^),  and  consists  of  circularly  directed  and  often 
angularly  bent  bundles  of  white  fibrils,  covered  011  each  surface  by  a  delicate 
interlacement  of  elastic  fibrils,  and  clad  both  without  and  within  by  endothelial 

cells.  Many  blood  -  vessels 
ramify  on  the  outer  surface 
(v),  sending  fine  branches 
through  the  membrane  to 
enter  the  underlying  nervous 
tissue,  carrying  with  them 
delicate  sheaths  of  the  mem- 
brane, which  bound  perivas- 
cular lymph  spaces. 

In  the  spinal  canal,  a 
tough  outer  layer  of  longi- 
tudinal fibres  is  superadded 
to  the  deep  circular  layer, 
and  is  also  clad  with  endo- 
thelium, and  separated  from 
the  underlying  lamella  by 
more  or  less  continuous  lymph 
spaces. 
Outside  the  pia  mater  is  a  wide-meshed  trabecular  tissue,  sometimes  broken 
down  into  a  continuous  cavity,  the  subarachnoid  space  (s.a),  filled  with  a  serous 


Fig.  105.  —  Section  of  the  connective  envelopes 
of  the  brain. 
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Fig.  106. — Section  of  brain  membranes  on  one  side  of  the  superior  longitudinal  sinus. 

subarachnoid  fluid,  and  limited  externally  by  a  second  delicate  connective  layer, 
the  arachnoid  (a).  This  consists  of  several  layers  of  interlaced  flat  bundles  of 
connective  fibrils,  whose  meshes  are  filled  with  endothelial  cells.  On  its  outer 
surface  in  certain  regions  (especially  along  the  superior  longitudinal  sinus)  are 
villous  processes  of  lymphoid  tissue,  liable  to  enlarge  and  even  to  bulge  through 
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the  clura  niater  with  advancing  age.  These  are  called  glandulce  Pacchioni,  and 
they  seem  to  depend  on  the  differing  degrees  of  subarachnoid  and  intravascular 
tension.  According  to  Gaskell  they  are  possibly  homologous  with  the  de- 
generated remains  of  the  arthropod  liver. 

Outside  the  arachnoid  is  a  continuous  lymph  space,  the  subdural  cavity  (sd), 
hounded  externally  by  a  strong,  tough,  white,  fibrous  membrane,  the  dura 
mater  (d),  the  firmest  of  all  the  membranous  envelopes  of  the  brain.  This 
membrane  also  consists  of  closely  united  lamella?  of  white  and  yellow  fibres, 
in  whose  meshes  are  lymph  canals,  which,  like  both  surfaces  of  the  membrane, 
are  lined  by  endothelium.  Within  the  cranium,  this  membrane  is  in  most 
places  attached  to  the  inside  of  the  skull ;  but  in  the  spinal  canal,  it  is 
surrounded  by  an  interrupted  epidural  lymph  space. 
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All  living  masses  of  protoplasm  which  are  not  limited  by  an  investment  of  metaplasm  are 
capable  of  amoeboid  motion  in  all  directions  (fig.  107);  but  in  certain  cells  the  organisation  of 
the  protoplasm  is  such  that  contraction  can  only  take  place  in  one  direction.  These 
cells  constitute  muscular  tissue. 

The  differentiation  of  muscle  and  nerve  is  the  morphological  result  of  a  physiological 
division  of  labour,  whereby  the  unit  of  protoplasm,  in  which  irritability  and  contractility 

are  combined,  has,  on  the  one  hand, 
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Fig.  107. — Pigment  cell  with 
pseudopodial  processes. 


Fig.  108. — Contracting 
pigment  cells. 


become  modified  into  muscle,  which 
retains  the  property  of  contractility, 
and  on  the  other,  into  nerve,  which 
retains  that  of  irritability. 

The     muscular     system     is 
developed  from  the  mesoblastic 
muscle-plates     and     from     the 
mesoblast  of  the   walls  of  the 
^     ccelom   outside  the  plates;    the 
W7  cells   of  these    are    at    first    in- 
"     different,    but   speedily  become 
c      elongated     into     muscle     cells. 
Some  of  these  persist  (fig.  109) 
in  a  simple  form  as  fusiform  cells 
with  elliptical  nuclei  (N),   con- 
stituting  unstriped   muscle. 
These  cannot  be  made  to  contract  by  the  impulse  of  the  will,  and  hence  are 
called  involuntary.     In.  the  wall  of  the  heart  the  cells  become 
shorter,  thicker,  transversely  striated,  and  joined  end  to  end, 
constituting  cardiac    muscle  (fig.   in).      For  the  most  part, 
however,  the  muscle  cells  lengthen  into  polynuclear,  transversely 
striated  fibres  of  striped  muscle  (fig.  114),  which  can  be  made 
to  contract  by  nerve  impulses  originated  by  the  will,  and  hence 
are  called  vohmtary. 

40.  UNSTRIPED  MUSCLE  is  found  in  the  substance  of 
nearly  all  organs,  in  the  coats  of  blood-vessels,  and  in  skin.  Its 
cells  are  prismatic  or  flattened  in  section,  with  pointed  or  bifid 
ends,  and  are  united  into  bands  by  a  minute  quantity  of  an 
elastic  cement.  These  bands  are  united  by  areolar  tissue  into 
bundles,  networks,  or  lamella?,  permeated  by  close,  oblong- 
meshed  plexuses  of  capillary  blood-vessels,  and  by  lymph  spaces 
of  varying  sizes,  sometimes  wide-meshed  and  numerous,  as  in 
the  muscular  wall  of  the  jejunum,  sometimes  scarcely  discernible, 
as  in  the  muscular  coats  of  the  smaller  veins. 

Each    muscle    cell   (fig.    109)    contains    an   elliptical  central 
Fig.   109.  —  Cell  nucleus,    which    is    non-contractile    and    sometimes    flattened, 

of  involuntary  jiavinor  within  it  a  distinct  intranuclear  network   and  one  or 
niusclc  o 

more   nucleoli.       The    nucleus    becomes   rod-shaped    when    the 

fibre  is  hardened  by  reagents.     In  the  protoplasm  of  the  cell  is  an  extranuclear 
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Fig.  no. — Muscle  cells 
from  heart,  longitu- 
dinal view — A,  end 
surface  of  cell. 


Fig.  i  ii. — Transverse  sec- 
tion of  heart  muscle — 
B,  b,  connective  tissue 
cells;  c,  capillaries. 


network,  whose  strands  are  mostly  longitudinal  (F).  Some  of  these  threads 
appear  to  be  attached  through  the  granular  protoplasm  at  the  poles  of  the 
nucleus  to  the  intranuclear  fibres. 
The  whole  cell  is  invested  by  a  homo- 
geneous elastic  sheath,  which  appears 
faintly  wrinkled  when  the  cell  con- 
tracts (S). 

A  non-medullated  nerve  fibre  is  applied 
to  each  cell,  and  seems  to  enter  it,  ending 
indistinctly  in  a  minute  swelling  near  the 
nucleus  (fig.  95).  Unstriped  cells  show 
all  possible  gradations  from  the  round 
cells  of  unmodified  mesoblast  to  the  long 
fibre  cell  of  the  intestinal  wall,  '24  mm. 
long  and:  -007  broad.  Many  varieties  of 
form  and  size  can  be  seen  in  the  developing 
tissue  of  the  wall  of  the  pregnant  uterus. 

41.  CARDIAC  MUSCLE  (fig. 
111)  consists  of  irregularly  cubical 
cells  about  -o8  long,  some  of  which  divide  at  the  points  where  they  touch  their 
neighbours  above  and  below,  and  so  the  tissue  formed  by  their  union  appears 
reticulated,  with  slit-like  lymph  spaces  between  the  cells.  Each  cell  has  a 
large,  oval,  central  nucleus,  with  an  intranuclear  network,  and  in  the  sur- 
rounding cell-substance,  which 
has  no  perceptible  cell-wall, 
the  extranuclear  reticulum  con- 
sists of  both  longitudinal  and 
transverse  strands. 

Under  the  endocardium  in  the 
right  A-entricle,  close  to  the  base  of 
the  tricuspid  valve,  there  are  a  few 
larger  polynuclear  cells  (fibres  of 
Purkinje),  in  which  the  appearance 
of  striation  is  limited  to  a  portion 
of  the  surface,  while  the  interior  is 
simply  protoplasmic. 


42.   STRIPED    MUSCLE. 

— The  form-elements  of  this 
tissue  have  become  lengthened 
into  cylindroidal  fibres,  -oi  to  -07  mm.  in  breadth,  and  from  1  mm.  to  4  cm. 
in  length.  They  end  in  bluntly-pointed  extremities,  sometimes  forked,  as  in 
the  lips,  or  branched,  as  in  the  tongue.  Each  fibre  is  invested  by  a  tough, 
elastic,  homogeneous  sheath,  the  sareolemma  (fig.  113,  S)  which  is  more  tena- 
cious than  the  contractile  substance,  and  is  attached  by  a  cement  substance  to 
the  sareolemma  of  the  neighbouring  fibres,  or  to  a  strand  of  fibrillar  tissue. 
Each  fibre  appears  to  be  both  transversely  and  longitudinally  striated. 

The  contractile  substance  which  makes  up  the  chief  part  of  the  fibre  is  a 
semi-fluid,  coagulable  material,  on  whose  surface  many  oval  nuclei  (K)  are 
embedded  in  a  network  of  protoplasm  under  the  sareolemma.  This  substance 
is  marked  at  regular  intervals  by  transverse  stria?  (fig.  114)  in  the  following 
succession  :— 1,  A  thin,  singly  refracting,  dim  disc  (the  membrane  Of 
Krause),  the  edges  of  which  appear  to  be  adherent  to  the  sareolemma ;  2,  a 
clear  space  of  a  singly  refracting  substance;  3,  a  broad,  dark  disc,  doubly 
refracting ;  4,  a  second  clear  space  like  2^5,  another  thin  disc,  &c. 

When  acted  on  by  hardening  agents,  each  fibre  can  be  split  into  fibrils  (fig.  113,  Fj,  each  of 
which  consists  of  rows  of  segments  like  those  of  the  whole  fibre ;  by  the  action  of  dilute  mineral 


Fig.  112. — Fibres  of  Purkinje. 
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acids,  a  fibre  may  be  divided  cross-wise  into  discs,  the  cleavage  traversing  the  clear  space 
next  to  the  thin  disc.  The  transverse  section  of  a  fibre  shows  that  the  component  fibrils  are 
collected  into  highly  refracting  primitive  bundles,  whose  sections  constitute  a  set  of  bright 
dots  (Cohnheim's  fields),  separated  by  a  network  whose  material  is  of  lower  refractive 
index. 

The  correct  interpretation  of  tliese  appearances  is  a  matter  of  much  difficulty,  and  it  is 
not  yet  possible  to  pronounce  defiuitely  how  far  they  are  structural,  optical,  or  artificial. 
The  thin  discs  appear  to  be  transverse  septa,  possibly  of  a  material  comparable  with  the 
anisotropic  element  of  the  intracellular  network,  and  to  these  the  longitudinal  strands  of  the 
broad  disc  seem  to  be  attached. 

One  or  two  nerve  fibres  (fig.  113,  N)  pierce  the  sarcolemma  of  each  muscular 
fibre,  and  break  up  into  branching  but  not  anastomosing  threads,  embedded  in 
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Fig.  1 13. — Diagram  of  a  part  of 
a  striped  fibre  x  1 50. 


Fig.  114. — Diagram  of  striped 
fibre  showing  alternation  of  thin 
and  thick  discs  x  300. 


a  granular  protoplasmic  expansion  with  several   nuclei,  upon  the   contractile 
substance  (fig.  96). 

43.  DEVELOPMENT  OF  MUSCLE  FIBRES.— Each  striped  muscular  fibre  begins 
existence  as  a  singly  nucleated  cell,  which  becomes  elongated,  at  first  fusiformly,  then 
cylindroidally ;  and  in  which  the  nuclei  multiply  by  division,  diffusing  themselves  along  the 
fibre.  On  one  side  of  each  fibre,  the  molecules  of  protoplasm  undergo  chemical  change 
and  mechanical  re-arrangement,  thereby  producing  the  trausversely  striated  appearance 
which  ultimately  spreads  through  the  whole  thickness  of  the  fibre. 

Foetal  muscles  have  fewer  fibres,  but  more  nuclei  than  those  of  the  adult.  New  fibres 
arise  in  the  earlier  stages  of  growth  by  the  proliferation  of  nuclei,  as  well  as  by  the  trans- 
formation and  growth  of  special  cells  between  the  fibres.  Multiplication  of  fibres  may  occur 
in  any  period  of  a  muscle's  history,  but  takes  place  most  actively  in  the  earlier  stages. 

44.  STRUCTURE  AND  ACTION  OF  A  MUSCLE.— Bundles  of  muscular 
fibres  are  tied  together  by  sheaths  of  areolar  tissue,  called  endomysium  (fig. 
116,  e),  and  form  'primitive  fasciculi  (c).  Contiguous  primitive  fasciculi  are  bound 
into  secondary  fasciculi  by  coarser  envelopes  of  connective  tissue  (perimysium, 
p);  and  those  groups  of  secondary  fascicles  which  are  so  connected  with  each 
other  at  their  terminal  attachments  that  they  act  together,  and  constitute  the 
muscles  of  descriptive  Anatomy,  to  each  of  which  a  proper  name  is  given. 

These  connective  sheaths  are  permeated  by  an  oblong-meshed,   capillary 
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plexus  of  blood-vessels  (fig.    117),  providing  the  large  blood  supply  which  is 
necessary  on  account  of  the  rapid  metabolism  that  takes  place  in  muscle  during 
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Fig.  115. — Striped  fibres  in  course 
of  development.  Iu  a  and  b 
nuclei  are  multiplying;  in/ one 
half  of  the  cell  has  undergone 
re-arrangement. 
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Fig.  116. — Transverse  section  of  a  muscle. 


action.     About  -3   of  the  blood  of  the  body  is  usually  in  the  muscles  at  any 
time.     The  longest  vessels  run  parallel  to  the 
fibres;  but  they  are  wavy  in  course  and  often 
present  little  varicosities  on  their  walls.      No 
vessels  penetrate  the  sarcolemma. 

The  vascular  supply  of  a  muscle  is  generally  in 
direct  proportion  to  its  size,  but  varies  in  different 
parts  of  the  body.  In  the  heart  and  diaphragm 
there  is  1  sq.  mm.  of  arterial  cross-section  for  every 
10  cubic  centimetres  of  muscle  ;  in  the  biceps  brachli 
there  is  1  mm.  for  each  16,  and  in  the  tibialis 
anticus  1  mm.  for  each  18.  Lymphatics  are  abundant 
in  striped  muscles,  beginning  as  freely  communicating 
wall-less  spaces  in  the  endo-  and  perimysium.  The 
nerves  and  arteries  enter,  and  the  veins  and  lymphatics 
leave  each  muscle  at  that  portion  which  is  least 
disturbed  in  position  by  the  contraction  of  the  muscle, 
and  usually  on  the  side  farthest  from  the  surface  of 
the  body.  At  this  point  the  muscle  is  most  closely 
tied  to  its  sheath.  Nerves  enter  quadrilateral  muscles 
near  the  mid-point  of  their  fleshy  fascicles ;  in 
triangular  muscles  the  point  of  entry  is  nearer 
the  narrower  end. 

The  filaments  of  fibrillar  tissue,  which 
fasten  the  ends  of  muscular  fibres  to  the 
bones  or  other  fixed  points,  become  united 
into  cords  or  bands,  which  are  called  tendons; 
each  strand  of  tendon  (fig.  118)  is  firmly 
cemented  to,  and  often  embraces,  the  end  of  the  sarcolemma,  but  is  not 
structurally  continuous  with  it. 

5 


Fig.  1 1 7.— Capillary  plexus  in  muscles 
X250— a,  artery;  v,  vein;  ^capil- 
laries. 
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Fig.  1 1 8.—  Mus- 
cular fibre  (12) 
ending  in  ten- 
don (S). 


Human  voluntary  muscles  are  red,  with  numerous  tortuous  vessels  between, 
and   many  nuclei  in,  the  fibres.     Pale  fibres   are  scattered  in  many  muscles, 
notably  in  the  pectineus,  but  there  are  no  muscles  in  the  human 
a*  \  body  composed  exclusively  of  pale  fibres  like  the  rabbit's  adductor 

magnus.     The  colour  is  due  to  some  substance  closely  related 
to  haemoglobin  (one  of  the  group  of  histohcematins). 

Muscular  fibres  are  so  disposed  in  the  body  that  when  at  rest  they  are 
slightly  stretched.  The  modulus  of  elasticity  of  dead  muscle  is  0*2737. 
During  life,  the  elasticity  varies  with  the  condition  of  the  muscle  and 
increases  during  contraction. 

The  specific  gravity  of  muscle  is  i,04i.  A  band  of  human  muscle 
1  sq.  cm.  in  cross-section,  taken  from  a  well-nourished  adult  immediately 
after  death,  was  able  to  bear  without  rupture  a  weight  of  14  kilos.;  but  a 
similar  band  from  a  child  broke  with  a  weight  of  6  kilos.,  and  from  an  old 
woman  with  4. 

When  human  muscles  contract  to  the  utmost  extent  permitted  by 
their  attachments,  they  shorten  by  from  40  to  60  per  cent,  of  their 
length,  the  absolute  amount  of  shortening  varying  directly  with  the 
length  of  the  fleshy  fascicles,  the  nature  of  the  stimulation,  &c.  The  fibres 
making  up  a  muscle,  under  similar  conditions  of  nutrition,  temperature, 
and  weighting,  contract  with  a  fairly  definite  force,  and  as  they  are 
tolerably  constant  in  diameter,  we  may  consider  the  area  of  cross-section 
of  a  muscle  taken  at  right  angles  to  the  plane  of  its  fibres  as  the  measure  of 
the  number  of  fibres  in  each  plane,  and  as  proportional  to  the  force  which  the 
muscle  can  exercise  in  contraction.  In  human  muscle,  a  weight  of  9  kilos, 
prevents  the  occurrence  of  contraction  of  a  fascicle  1  sq.  cm.  in  section. 
Sectional  area  and   length  of   fascicle  may,   therefore,   be  considered  as 

approximately  proportional  respectively  to  the  maximum  weight  which  the  muscle  can  lift, 

and  the  maximum  space  through  which  it  can  be  lifted. 

Every  muscle  consists  of  a  belly  or  middle  portion  (fig.  119,  R),  and  two 
extremities,  which  are  respectively  attached  to  bone,  fascia,  ligament,  or  soft  part 
(fig.  119,  L,  U).  When  the  belly  contracts,  it  drags  equally 
the  parts  to  which  both  extremities  are  attached ;  but  in 
general  one  of  these  is  fixed,  so  that  it  cannot  be  moved, 
and  the  force  is  consequently  expended  in  approximating 
the  other  or  movable  end  to  the  fixed  attachment  (fig.  126). 
The  fixed  attachment  is  known  as  the  origin  ;  the  movable 
attachment  is  called  the  insertion. 

Origin  and  insertion  are  physiological  terms  ;  but  since  the  origin  is 
the  attachment  nearer  to  the  axis  and  the  insertion  that  more  remote, 
except  in  some  muscles  of  the  neck  and  back,  so  axial  and  abaxial 
attachments  are  the  morphological  and  usually  equivalent  terms. 

Muscles  are  usually  attached  to  bones  by  tendons,  rarely  by  the 
direct  cementing  of  the  fibres  to  the  periosteum.  Attachment  by 
tendon  enables  a  muscle  to  exert  its  influence  on  a  limited  area,  and 
to  act  from  a  distance,  so  that  its  fleshy  belly  may  be  packed  in  the 
most  convenient  place,  and  may  be  removed  as  near  the  axis  of  the 
body  as  possible  for  convenience  of  nutrition  and  innervation. 

Muscles  inserted  into  soft  parts  draw  these  directly 
—  Biceps  t°war(is  their  bony  attachments ;  when  attached  to  bone, 
muscle  of  the  arm  they  must  pass  over  a  joint,  around  which  they  are  generally 
— G,  glenoid  liga-  grouped  into  sets,  some  of  which  act  together  {synergists),  and 
ment;  L,longhead;  some  are  arranged  so  as  to  oppose  one  another  (antagonists). 

S,  short  head ;  A,  Each  muscle  generally  acts  as  a  unit,  so  its  force  may 

Acromion   nroccss  *  • 

R,  radial  belly  Ll'  ^e  considered  as  acting  in  the  line  of  the  resultant  of  the 
ulnar  belly.  forces  which  each  of  its  component  fascicles  exerts. 

A  muscle  passing  over  one  joint  (fig.  120,  b)  may  produce 
one  of  three  effects — (1)  it  may  move  ba  to  bd ;  (2)  or  be  to  be;  (3)  or  both  ba 
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and  be  to  bd  and  be  respectively.  In  these  cases,  the  resulting  useful  work 
depends  on  (1)  the  amount  of  the  force  of  contraction,  which  is  proportional 
to  the  ai'ea  of  cross-section,  and  (2)  the  mode  of  application  of  the  force. 

In  the  elbow  joint  (fig.  121)  between  the  humerus  (ab)  and  the  forearm  [be),  the  effective 
force  of  the  brachialis  muscle  (de)  to  bend  the  elbow,  equals  the  absolute  force  of  the  muscle, 
multiplied  by  the  perpendicular  drawn  from  b  on  de  ( =  /  sin  0).     As  the  angle  varies  in 


H 


Fig.  120. — Diagram  of  a 
muscle  passing  over  one 
joint. 


Fig.  121. — Diagram  of  muscles 
in  front  of  the  elbow  joint. 
<£  =  the  angle,  d  e  b. 


Fig.    122. 


-Scheme   of   elbow   in 
flexiou. 


each  position  of  the  elbow,  it  is  plain  that  the  available  force  will  also  vary,  being  a  maximum 
when  cb  coincides  with  fb  (<f>  —  90'),  and  a  minimum  when  the  shortening  of  de  is  greatest — 
that  is,  in  extreme  flexion  (fiy.  122,  de"). 

Each  muscle  acts  to  the  greatest  advantage  when  the  line  of  its  resultant 
forms  a  right  angle  with  the  axis  of  the  bone  into  which  it  is  inserted.  Even 
in  the  state  of  perfect  extension,  owing  to  the  thickness  of  the  articular  ends  of 
bones,  the  tendon  of  a  muscle  passing  over  a  joint  is  never  perfectly  parallel  to 
the  axis  of  the  bone,  but  is  stretched  over  the  bulging  end  as  over  a  pulley,  and 
thus  acts  at  an  appreciable  angle. 

In  accordance  with  the  principle  that  p:  to  ::  wf :  pf,  it  is  important  that  the  insertion 
of  a  muscle  shall  be  as  far  as  possible  from  the  fulcrum,  but  the  magnitude  of  pf  is  limited 
by  the  shape  of  the  limb. 

A  muscle  passing  over  two  joints  (rig.  123,  b  and  e)  will,  by  its  contraction, 
alter  the  position  of  the  bones  to  which  it  is  related  in  one  of  at  least  seven  possible 
ways.  The  line  of  the  limb  may  be  altered  from  abed'  to  (1)  abed",  (2)  abed'", 
(3)  abed"",  (4)  a'bcd\  (5)  d'b'cd',  (6)  a'"b'cd',  or  (7)  d'b'cd". 

A  muscle  acting  over  two  joints  is  superficial  to  its  synergists  which  act  over  one  only. 
A  muscle  acting  over  two  joints  which  it  moves  in  opposite  directions,  is  rarely  long  enough 
to  permit  the  complete  action  of  the  two  joints  at  the  same  time  in  antagonistic 
directions  ;  thus,  the  hamstrings  are  too  short  to  allow  the  simultaneous  extension  of  the 
knee  and  flexion  of  the  hip.  This  condition  is  called  passive  insufficiency.  On  the  other  hand, 
a  muscle  passing  over  two  joints  which  move  in  the  same  direction  (such  as  the  wrist  and 
fingers)  may  be  so  relaxed  by  the  extreme  simultaneous  flexion  of  these  joints,  that  the 
greatest  possible  shortening  of  its  fibres  Mill  not  enable  it  to  produce  any  effect ;  this  is 
called  active  insufficiency. 

Groups  of  synergetic  muscles  may  be  divergent,  convergent,  or  parallel,  according  to  the 
special  circumstances  of  the  joint.  The  course  of  the  fascicles  in  a  muscular  belly  (except  in 
the  cases  of  hollow  muscles  or  sphincters)  is  usually  direct  from  tendon  to  tendon ;  when 
curvature  exists,  it  is  generally  gentle  over  a  swelliug  roundness  of  bone. 

The  tendon  of  a  muscle  often  requires  to  have  its  direction  altered,  and 
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under  such  circumstances  it  becomes  enclosed  in  a  synovial  sheath,  or  stretched 

over  a  bursa  to  diminish  friction.     Pulleys  to  alter  the  direction  of  tendons 

may  be  of  three  sorts: — (i)  most  commonly,  the  tendon  plays  over  a  smooth 

area  of  bone,   either  cartilage-clad   or  covered    by   a 

bursa,  as    in   the   case   of  the  obturator  internus ;   or 

,a-  (2)   the   tendon    may  work   through    a   fixed   fibrous 

a".  loop,  as  in  the  case  of  the  extensor  tendons  passing 

under  the  annular  ligament   of  the  ankle;   or  (3)  it 

/  /  may  pass  through  a  movable  swinging  ring  of  fibro- 

7,  /  cartilage,  as  in  the  case  of  the  superior  oblique  muscle 

v— «':      of  the  eyeball. 

/  In  all  cases,  there  is  no  mechanical  advantage  except  that  of 

\     /  the  alteration  of  direction  and  the  consequent  gain  in  packing 

V  the  bulky,   fleshy  belly,  whereby  the  force  of  a  long  muscle 

•'  \  0i  j„„     can  be  applied  where  there  is  no  rcoin  for  its  being  directly 

\  placed. 

\  The  coefficient  of  sliding  friction  of  tendon  on  cartilage  is 

\  extremely  small,  so  the  loss  of  effective  force  from  friction  in 

>  \  the  case  of  a  muscle  passing  over  a  pulley  is  inappreciable. 

\  \  The  sheath  of  a  teudon  consists  of  a  layer  of  condensed  con- 

\  \  d'"  nective  tissue  (usually  white  fibrous  or  fibro-cartilage),  around 

[  rf"         x«.  a  lining  of  synovial  membrane,  which  is  reflected  on  the  tendon. 

When  any  part  of  a  tendon  moves  through  a  long  space  in  its 

Fig.    123.  —  Diagram    of     sheath,  this  reflection  of  the  synovial  sheath  is  lengthened  and 

muscle    acting    over  two     divided  into  strings  (retinacula).     The  length  of  a  retinaculum 

joints,  b  and  c.  is  the  measure  of  the  relative  mobility  of  the  points  to  which 

it  is  fastened.     When  two  tendons  lie  within  the  same  sheath, 

if  they  are  separately  movable  they  are  each  joined  to  the  wall  by  retinacula,  but  are  not 

united  together,  their  smooth  synovial  surfaces  gliding  the  one  on  the  other.     If  they  always 

act  together,  then  the  reflections  of  synovial  membrane  from  one  to  the  other  appear  as 

smooth  fibrous  bands  uniting  them  (vinculo). 

When  several  forces  act  at  different  angles  on  one  spot  in  a  capsular  ligament  stretched 
over  a  bony  sui'face,  that  spot  grows  in  vascularity  and  becomes  ossified  from  increased 
nutrition,  forming  a  sesamoid  bone  ;  the  patella  and  the  ossicles  at  the  metacarpophalan- 
geal joints  of  the  thumb  and  great  toe  are  examples. 

The  skeleton  forms  the  fixed  basis  from  and  on  which  the  muscles  act.  If 
the  fleshy  fibres  of  the  muscles  of  an  adult  man  were  directly  attached  to  the 
surfaces  of  his  bones,  they  would  requii-e  an  area  of  about  15,000  square  centi- 
metres for  their  attachment.  The  average  adult  human  skeleton  presents  a 
surface  of  about  12,500  sq.  centimetres,  of  which  more  than  half  is  from  its  posi- 
tion unfit  to  give  attachment  to  muscles,  hence  the  available  surface  is  really  less 
than  half  that  which  is  required.  The  attachment  of  muscles  by  tendons  com- 
pensates for  this  disproportion,  as  thereby  a  large  number  of  fibres  can  be 
fastened  to  a  small  area  of  bone.  As  osteoblasts  often  extend  into  the  attached 
ends  of  tendons,  so  increased  bony  growth  usually  takes  place  along  these  areas 
of  insertion,  which  therefore  appear  on  the  bones  as  lines,  crests,  etc.  Some- 
times the  insertion  of  a  large  tendon  has  hereditarily  induced  the  embryonic 
cartilage  to  grow  out  into  a  knob :  entochondral  ossification  may  inde- 
pendently arise  in  such  a  process,  producing  a  new  centre  of  ossification 
which  is  called  an  apophysis.  The  femoral  trochanters  are  examples  of  this 
mode  of  growth. 

45.  CLASSIFICATION  OF  MUSCLES.— The  disposition  of  the  component  fascicles 
varies  in  different  muscles,  and  their  shapes  and  modes  of  action  are  thereby  modified. 
The  following  are  the  chief  types  met  with  in  the  human  body  : — ■ 

1.  Quadrilateral  or  prismatic  muscles  are  those  whose  fibres  are  parallel,  and  run 
directly  from  origin  to  insertion.  The  fascicles  of  such  muscles  act  as  so  many  parallel  forces 
which  can  be  reduced  to  a  single  resultant,  having  a  force  ecpial  to  the  algebraical  sum  of 
the  forces  of  the  parallel  fibres  (nf),  and  in  the  line  joining  the  centres  of  gravity  of  the 
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areas  of  origin  and  insertion.     The  thyro-hyoid  (fig.  124)  is  an  example,  but  there  are  few 
such  muscles  in  the  body. 

In  the  abdominal  wall,  quadrilateral  muscles  are  expanded  into  lamella?,  which  form  part 
of  the  wall  of  the  cavity.  In  such  a  case,  the  fascicles  form  not  a  plane  but  a  curved  surface, 
and  are  arranged  for  a  twofold  office  : — (1)  To  resist  the  perpendicular  pressure  of  the  con- 
tained viscera ;  and  (2)  by  their  contraction,  to  produce  a  normal  pressure  on  the 
contents  of  the  cavity.  If,  in  these  cases,  the  curve  of  the  wall  were  that  of  a  spherical 
dome,    the   pressure   would   be   the   same    in    every    azimuth    at    each    point ;  but   in   the 


Fig.  124. — Thyro-hyoid  muscle  of  larynx 
— T.H,  thyro-hyal  branch  of  the  hypo- 
glossal nerve;  S.  L,  superior  Ian  Qgeal 
vessels  and  nerve  ;  I.  L,  external  laryn- 
gealnerve.  The  pin  is  passed  under  the 
tendinous  arch  of  origin  of  the  muscle. 


.1  25. — The  adductor  pollicis  trans- 
versus,  a  triangular  muscle. 


abdominal  wall  the  curve  is  rather  that  of  an  ellipsoidal  dome  ;  and,  consequently,  while  the 
perpendicular  pressure  is  constant,  the  tangential  pressure  differs  in  different  azimuths,  being 
greatest  at  the  extremities  of  the  major,  and  least  at  the  extremity  of  the  minor  axis  of  the 
indicatrix  ellipse,  and  proportional  to  the  squares  of  the  axes.  The  thickness  of  the  muscle 
varies  accordingly. 

2.  Triangular  muscles  are  those  in  which  the  fascicles  from  a  wide  origin  converge  to 
a  narrow  insertion.  In  these  the  cross-section  at  right  angles  to  the  course  of  the  fibres, 
when  taken  before  the  level  at  winch  the  tendon  begins,  is  fairly  constant.  Thus,  in  the 
case  of  the  human  great  pectoral,  where  the  line  of  section  is 
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When  such  a  muscle  contracts  as  a  whole,  there  is  a  small  difference  between  the  absolute 
force  of  the  contraction  and  the  amount  of  force  available  for  useful  work,  a  difference  which 
increases  directly  witli  the  increase  of  the  angle  included  between  the  extreme  fibres.  In 
general,  this  is  more  than  compensated  by  the  advantage  of  the  concentration  of  the  action 
upon  a  narrow  point,  and  by  the  capacity  possessed  by  triangular  muscles  to  contract  in 
parts,  and  so  to  produce  a  variety  of  action.  Hence  triangular  muscles  not  uncommonly 
exhibit  radial  segmentation. 

3.  Fusiform  muscles  are  such  as  taper  to  both  ends,  the  fascicles  departing  very  little 
from  parallelism,  and  so  resembling  quadrilateral  muscles  in  their  mode  of  action.  The 
superior  oblique,  muscle  of  the  orbit  is  a  good  example. 

4.  Skew  muscles  (fig.  126)  are  quadrilateral  or  triangular  muscles,  the  plane  of  whose 
line  of  origin  intersects  that  of  the  insertion.  In  such  cases,  the  resultant  acts  on  a  spot 
higher  than  in  an  ordinary  triangular  nmscle  whose  origin  and  insertion  are  in  the  same 
plane.     The  adductors  of  the  thigh  are  examples  of  this  group  of  muscles. 

5.  Rhomboidal  muscles  (tig.  127)  are  such  as  consist  of  parallel  fibres  passing  obliquely 
from  origin  (o)  to  insertion  (i).  In  such  a  muscle  the  resultant  (»/')  makes  an  angle  (<p)  with 
the  line  of  insertion,  and  it  may  be  resolved  into  two  components,  a  horizontal  (h—F  am  <j>) 
which  tends  to  approximate  the  origin  and  the  insertion,  and  a  vertical,  or  component  of 
translation  {v  —  Fcos<p)  which  laterally  shifts  the  line  of  insertion.     (/<'  being  the  resultant 
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force  of  the  contraction  of  all  the  fibres  of  the  muscle. )  Some  rhomboidal  muscles  have  their 
fibres  inserted  at  a  small  angle  into  a  linear  tendon,  which  runs  along  the  margin  (fig.  127,  i), 
so  that  .A' sin  <p  is  small,  and  the  available  force  exerted  is  the  component  of  translation  (F  cos  <p). 

Muscles  of  this  kind,  such  as  the  extensor  hallucis 
lonr/us,  from  their  feather-like  appearance,  are 
named  penniform. 

6.  Bipenniform  muscles  are  such  as  consist 
of  two  series  of  penniform  fibres  attached  to  a 
middle  tendon  (fig.  .128),  and  may  be  regarded  as 
two  rhomboidal  muscles  attached  to  the  opposite 
sides  of  a  middle  tendon;  consequently,  the  lifting 
force  of  such  a  muscle  is  2  F  cos  <f>.  The  cross- 
section  of  a  bipenniform  muscle,  if  uniform  in 
thickness,  may  be  measured  by  drawing  perpendi- 
culars from  the  point  of  insertion  of  the  topmost 
fibres  into  the  tendon,  on  the  lines  of  the  lowest 
/■  nr''    CV        //'■'/,'>■/    )   ■'(  fibres   produced;    this   is  much    greater   than   the 

:.!;:  ,  /,   /'•;,;'    y     ',.;■/  actual   cross-section   of    the   mass   taken   at   right 

;/ ,|,   v;  ;,?/--.;•  .  _.y  angles  to  its  long  axis.     Thus,  in  a  rectus  femoris 

ffilmkSMf'  .         /  the  area  of  cross-section  of  whose  fascicles  at  right 

angles  to  their  course  was  2^45  sq.  cm.,  the  maximum 
cross-section  at  right  angles  to  the  long  axis  of  the 
muscles  was  375  sq.  cm.  The  distance  through  which 
a  bipenniform  muscle  draws  its  insertion  may  be 
determined  thus.  Let  ax  and  bx  (fig.  128)  be  the  re- 
sultants of  the  two  rhomboidal  halves  of  the  muscle, 
of  a  length  I,  whose  fibres  during  contraction  shorten 
by  a  length  of  0/,  and  raise  x  to  z  on  the  line  of 
Fio\  126. — Pectineus  muscle,  a  skew  resultant  of  the  whole  muscle  xy.  With  b  as 
quadrilateral.  centre   and  bz  as  radius,   describe  a  circle  which 

cuts  bx  at  q  ;  this  shows  the  absolute  amount  of 
contraction  of  the  fibre  xq  =  ol.  In  such  a  small  angle  the  versed  sine  maybe  discarded, 
so  that  if  zp  be  drawn  at  right  angles  to  bz,  zp  differs  so  little  from  the  arc  zq  that  it 
may  be  regarded  as  equal  to  zq  =  81  and  the  line  xz  —  cl  sec  (p.  As  the  work  done  by  a 
muscle  =  the  product  of  the  weight  raised  by  the  height,  so  the  work  done  by  a 
bipenniform  muscle  =  2  F  cos  <p  sec  <p  Si  =  2  F  Si;  that  is,  the  bipenniform  arrangement  in  a 
muscle  causes  no  loss  of  work,  but  allows  of  the  packing  of  a  larger  number  of  short  fibres 
in  a  small  space,  and  their  concentration  on  one  point  of  insertion.  So  in  a  slender 
muscular  belly  of  fusiform  shape,  like  the  rectus  femoris,  there  can  be  arranged  a  mass 
of  fibres,  which  can  draw  its  insertion  with  a  quick,  strong  contraction  through  a  small 
arc.  A  prismatic  muscle,  to  produce  the  same  effect,  would  com- 
;  ,         pletely  alter  the  shape  of  the  limb. 

i  Penniform  muscles  may  be  formed  ( 1 )  by  the  fusion  of  two  originally 

separate  muscle  germs,  as  in  the  case  of  the  biceps  femoris ;  (2)  by 
the  prolongation  into  a  muscle-belly  of  the  tendon  of  origin,  as  in 
the  rectus  femoris :  or  (3)  by  the  upward  prolongation  of  the  tendon 
of  insertion,  as  in  the  tibialis  piosticus. 

Some  muscles,  like  the  subscapularis  and  deltoid,  are  compound 
penniform  muscles,  made  up  of  groups  of  oblique  fibres  passing 
between  tendinous  planes. 

7-   Sphincter  muscles  consist  of  curved  fascicles  in  one  or  more 
;         planes,  surrounding  orifices  which  they  close  by  contraction.     They 
'  J         rarely  consist  of  closed  ellipses. 

46.  DEVELOPMENT  OF  THE  MUSCULAR  SYSTEM.— The 

Fig.  127. — Diagram  of  earlier  stages  of  the  formation  of  the  muscular  system  cannot  be 
a  rhomboid  muscle,  traced  in  the  mammalian  embryo,  owing  to  the  rapidity  with  which 
they  are  passed  through.  The  formation  of  the  muscle-plates  and  of 
the  primitive  metameric  system  of  muscles  has  been  already  mentioned  (§  11).  At  first,  the 
muscles  derived  from  the  plate  are  not  strongly  marked  off  in  each  segment  from  those  which 
arise  ventrally  from  the  mesoblast  of  the  somatopleure  ;  but  eventually  a  lamella  of  connec- 
tive tissue,  which  grows  out  from  the  side  of  the  vertebral  body,  divides  the  musculature 
into  two  parts,  the  chief  portion  of  the  muscle-plate  giving  rise  to  the  dorsal  muscles;  and  the 
ventral  end  of  the  plate  together  with  the  muscle  which  arises  in  the  tissue  of  the  somato- 
pleure, to  the  ventral  muscles.  In  each  metamere  there  is,  therefore,  on  each  side  a  dorsal  {d) 
and  a  ventral  mass  or  myocomma,  separated  from  each  other  by  this  transverse  connective 
septum  (/2),  and  from  the  segments  before  and  behind  by  iutermetameric  septa  (fig.  129). 
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The  dorsal  muscle  undergoes  less  change  than  the  ventral ;  but  .many  causes  influence 
the  development  even  of  these  muscles.  The  anatomical  arrangement  of  the  muscular  system 
is  the  physical  exponent  of  habitual  actions,  and  these  actions  are  the  chief  factors  iu 
moulding  the  bones,  and  in  regulating  the  positions  of  the  somatopleural  vessels  and  nerves. 
It  follows  from  this,  that  we  need  not  expect  to  find  in  successive  metameres  more  than  a 
generalised  resemblance  of  the  component  muscles. 

The  locomotory  function  and  consequent  unity  of  the  trunk-muscles  were  lost  when  the 
early  vertebrate  became  terrestrial.  In  higher  vertebrates  and  notably  in  man,  the  mobility  of 
the  several  regions  of  the  vertebral  column  differs  both  in  degree  and  in  kind ;  the  outgrowing 
vertebral  processes  show  consequent  variations,  and  the  muscular  system  is  varied  accordingly. 
The  changes  which  the  dorsal  muscles  have  undergone  are  four-fold: — 1,  Cleavage  into  separ- 
ate longitudinal  strips  (rig.  130,  7.  9,  10,  and  1 1)  by  the  ingrowth  of  laminae  of  connective  tissue, 
vessels,  and  nerves  ;   2,  displacement  of  the  intermetameric  septa  by  overgrowth  of  some 


Fie.  12S.- 


-Diagram  of  a  bipenniforni 
muscle. 


Fig.  129.  —  Diagram  of  the  muscles 
of  the  In iily  wall  seen  in  transverse 
section— /,  superficial  lumbar  fascia. 


portions  and  atrophy  of  others  (fig.  130,  2) ;  3,  the  anion  of  successive  and  contiguous  portions 
into  long  strips  of  muscle,  which  pass  through  successive  segments  and  which  are  united  either 
by  tcudinous  intersections,  the  remains  of  the  intermetameric  septa,  these  strips  becoming 
polygastric  muscles,  or  by  the  transformation  of  the  connective  tissue  into  muscle,  and 
the  formation  of  long  continuous  fleshly  fascicles  ;  4,  alteration  in  direction  of  some  of  the 
fibres.  As  a  result  of  these  alterations,  the  dorso-lateral  muscles  become  broken  up  into 
three  series: — (1)  A  deep  set  of  short  muscles,  attached  to  the  processes  of  contiguous 
vertebra',  and  varying  in  obliquity  according  to  the  elongation  and  direction  of  these  pro- 
cesses (17) ;  (2)  an  intermediate  group  of  longitudinal  muscles  (9) ;  and  (3)  a  superficial  oblique 
set,  attached  chiefly  to  the  transverse  septum  between  the  dorsal  and  ventral  muscles 
(14,  19).  Most  of  the  deeper  oblique  fibres  run  upwards  and  inwards,  but  this  varies  with 
their  mechanical  relations. 

The  dorsal  muscles  are  continued  into  the  head-segments,  but  in  these  they  have  under- 
gone much  modification.  Those  of  the  first  head-segment  have  become  the  orbital  muscles 
supplied  by  the  third  nerve;  the  dorsal  muscle  of  the  second  segment  is  the  superior  obliqm 
of  the  orbit ;  those  of  the  third  segment  the  orbital  muscle  supplied  by  the  sixth  nerve,  and 
the  mandibular  muscles  supplied  by  the  motor  root  of  the  fifth. 

The  ventral  muscles  have  departed  from  their  primitive  embryonic  arrangement  even 
more  than  the  dorsal.  At  a  very  early  period  in  development,  an  ingrowth  of  the 
mesoblastic  cells,  which  clothe  the  ventral  end  of  the  splanchnic  surface  of  the  muscle-plate, 
between  the  aorta  and  the  sheath  of  the  notochord,  lias  become  differentiated  into  a  series  of 
muscles  on  the  ventral  aspect  of  the  vertebral  column.  As  these  appear  distinct  from  the 
rest  of  the  ventral  muscles,  they  have  been  called  hypaxial  or  hyposkdelal;  but  they  are  of 
small  size  in  man.  These  hypaxial  muscles  are  essentially  splanchnic  and  are  supplied  by 
the  small-fibred,  non-gangliated  motor  nerves  which  arise  from  the  large  cells  of  the  lateral 
horn  of  the  spinal  cord.  They  are  the  diaphragm,  tramvt  rsalis  (fig.  129,  t),  and  psoas  (p), 
and  superiorly  in  the  same  horizon  are  the  muscles  supplied  by  the  facial  and  spinal 
accessory  nerves. 

The  ventral  muscles  in  the  wall  of  the  somatopleure  have  become  modified  owing  to  ( 1 ) 
the  varying  size  of  the  ccelom  in  each  region,  (2)  the   development  of  ribs  in  the  inter- 
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rnetameric  septa  of  the  thorax,  (3)  the  development  of  the  limb-girdles.  For  these  reasons 
the  arrangement  of  the  ventral  muscles  differs  from  that  of  the  dorsal,  and  presents  special 
characters  in  each  of  the  six  regions  of  the  body. 

(1)  They  are  least  modified  in  the  abdominal  region  (fig.  129),  where  they  exhibit  a 
primary  division  into  a  median  or  longitudinal  group,  the  rectus  (fig.  129,  r),  and  a  lateral  which 
becomes  bilaminar — dividing  into  a  superficial  or  supracostal  layer  the  external  oblique  (oe), 
aud  a  deeper,  the  internal  oblique  (oi),  overlying  the  visceral  lamella  or  transversalis. 

(2)  In  the  region  of  the  thorax  the  outer  layer  has  undergone  immense  development,  as  in 
it  the   shoulder  girdle   is   placed,   and   the   dorsal   extension   of  this  arch  has  carried  the 

ventral  muscular  layer  backward,  over- 
lapping the  dorsal  muscle  in  this  region 
as  far  as  the  medio-dorsal  line.  In  this 
region  there  is  a  median  system  of  muscles 
represented  in  rudiment ;  the  visceral 
layer  of  lateral  muscles  is  also  rudi- 
mentary and  much  modified ;  the  deeper 
lateral  layer  is  intercostal,  and  the  ex- 
ternal lamella  has  become  subdivided 
into  sub-  and  supra-zonal  strata,  respec- 
tively under  and  over  the  shoulder  girdle, 
and  these  again  are  divided  into  dorso- 
appendicular  and  ventro-appendieular. 

(3)  In  the  region  of  the  pelvis  the 
formation  of  the  solid  girdle  has  caused 
extensive  modification  of  the  muscular 
lamellae,  which  have  become  inseparable 
from  those  of  the  limb,  while  in  the  post- 
pelvic  region  they  have  become  the  peri- 
neal muscles. 

(4)  The  cervical  ventral  musculature 
exhibits  (1)  a  median  system  of  longi- 
tudinal segmentations,  (2)  a  superficial, 
lateral  lamella,  also  carried  back  over  the 
dorsal  muscles  to  the  medio-dorsal  line, 
and  (3)  a  deeper  imperfect  layer;  but  its 
visceral  lamella  has  undergone  much  dis- 
placement and  re-arrangement,  as  the 
ccelom  does  not  extend,  except  partially, 
into  this  region. 

(5)  In  the  cranial  region  the  ventro- 
lateral muscles  are  absent,  the  whole 
musculature  belonging  to  the  dorsal  or  the 
visceral  system. 

The  muscles  in  the  limb  are  derivatives 
of  the  superficial  lateral  layer  of  trunk 
muscles.  In  Mammalia  they  appear  to 
arise  independently  of  the  muscle-plates 
and  to  become  subdivided,  as  the  need 
for  separate  actions  arises. 

47.    AGGREGATION  OF  MUSCLE 

FIBRES. — The  muscidar  system  is  the 
crystallisation  of  ancestral  habit,  and  the 
origin  of  the  separate  muscles  is  due  to  a 
series  of  differentiations  of  very  different 
historic  antiquity ;  consequently,  the 
separate  muscles  are  of  varying  morpho- 
logical value.  In  the  development  of  any 
layer  or  segmeut,  according  to  the  degree 
of  closeness  with  which  the  fibres  of  the 
myocomma  are  aggregated,  the  connective 
cells  which  surround  them  have  become  endomysial,  perimysial,  or  fascial;  and  the  so-called 
"muscles"  are  those  groups  of  fascicles  which  act  together  as  functional  units,  each  of  which 
is  isolated  from  its  neighbours  by  a  plane  of  connective  tissue. 

AH  trunk  muscles  are  primarily  monomeric — i.e.,  consist  of  fibres  derived  from  a  single 
metamere ;  but  hy  fusion  they  generally  become  polymeric,  the  original  separate  parts  becoming 
insepax-able,  or  divided  by  surviving  traces  of  the  intei  metameric  septa  into  two  or  more 


Fig.  130.— Dorsal  muscles.     For  full  references 
see  §  148. 
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bellies.  The  longissimus  capitis  and  rectus  abdominis  are  instances  of  such,  polygastric 
muscles.  The  fascicles  of  nionomeric  muscles  are  primarily  monoplastic,  each  the  length  of  a 
single  fibre ;  but  in  polymeric  muscles  they  become  pohjplastic,  as  also  in  the  muscles  of 
the  limbs. 

Muscle,  from  its  active  metabolism,  is  an  expensive  tissue  for  the  animal  to  maintain,  so 
when  from  change  of  habit  a  muscle  ceases  to  be  useful,  it  either  atrophies  and  disappears, 
or  becomes  a  connective  band,  or  unites  with  some  other  muscle.  Portions  of  muscles  may 
also  become  detached  and  degenerated,  so  as  to  act  as  ligaments  (tig.  1 14,  if). 

Many  muscles  have  a  double  function,  a  primary  and  a  secondary  ;  thus  the  biceps  is 
both  a  flexor  of  the  elbow  and  a  supinator  of  the  hand.  The  secondai-y  fuuction  of  a  muscle, 
may  be  constant,  or  occasional,  the  muscle  so  acting  only  when  the  part  is  in  some  one 
position. 

Each  myocomma  is  primarily  innervated  by  its  own  segmental  nerve,  so  that  all  muscles 
derived  from  one  myotome  are  homoneural,  while  polymeric  muscles  are  heterorieural. 

The  adult  muscular  system  of  man  bears  everywhere  traces  of  earlier  cleavings  and 
subsequent  fusions,  partial  disappearances,  and  local  overgrowths.  As  the  outcome  of  these 
we  find  that,  while  most  of  the  limb-muscles  are  mononeural,  a  few  (such  as  the  brachialis 
anticus)  are  diploneural,  deriving  innervation  from  two  or  more  sources  ;  even  of  the  former 
series  oidy  a  few  are  truly  homoneural,  and  many  are  crypto-heteroneural,  having  strands  of 
supply  from  several  metameric  nerves  blended  into  one  cord. 

Depending  on  their  history  is  the  variety  noticed  in  the  mode  of  origin  of  muscles.  While 
many  muscles  arise  by  a  single  origin  which  may  be  either  (a)  restricted,  or  (b)  diffuse,  others, 
have  two  or  more  separate  heads.  This  many-headedness  arises  (1)  from  the  wasting  of  an 
intermediate  part  in  a  primitively  continuous  sheet;  or  (2)  from  the  overgrowth  and  extension 
of  the  origin  of  a  primitively  simple  muscle  to  some  neighbouring  and  separably  movable  part : 
or  (3)  from  the  fusion  into  one  belly  of  several  primitively  distinct  muscles,  as  in  the  biceps 
(fig.  119) ;  or  (4)  from  the  development  of  an  accessory  head  from  the  thickening  of  a  portion 
of  the  investing  sheath,  as  in  the  case  of  the  rectus  femoris.  Polymeric  laminated  muscles 
sometimes  arise  by  a  succession  of  fleshy  slips,  and  as  the  same  hard  parts  often  give  origin 
to  opposite  muscles,  we  have  resulting  therefrom  the  phenomenon  of  indiaitation  (lig.  130, 14). 

There  is  a  like  variety  presented  by  the  insertions  of  muscles,  which  may  be  (1)  by  simple 
tendons,  restricted  or  diffused;  (2)  by  multiple  tendons,  into  (A)  dermis,  (B)  fascia,  (C)  bone. 
or  (D)  into  tendinous  arcades,  when  a  continuous  line  of  insertion  has  to  be  traversed  bj  a 
vessel,  nerve,  or  other  tendon.  As  both  origins  and  insertions  are  the  creatun  -  of  habit, 
they  are  both  equally  variable  with  variation  of  function  ;  but  as,  in  higher  animals,  the  kind 
of  work  to  be  done  is  more  constant  than  its  d<  ;  -  a  rule,  insertions  alter  less  than 

origins. 

The  musculature  of  the  digestive  organs  is  cl  (rived  from  the  mesoblast  of  the  splanchno- 
pleure;  that  of  the  various  parts  of  the  haemoccelom  (heart  and  blood-vessels)  is  derived  from 
those  cells  of  the  mesoblast  which  originate  at  the  line  of  attachment  of  the  splanchnopleure. 

In  the  description  of  a  muscle  the  following  points  are  to  be  observed-  attachments/ 
texture,  nervous  and  vascular  supply,  and  relation-.  In  the  descriptive  portion  of  this  work 
the  normal  (§  2)  attachments  only  are  specified. 

48.  BLOOD  AND  LYMPH  are.  in  a  sense,  tissues;  but  as  most  of  the 
details  of  the  anatomy  of  these  fluids  can  be  studied  most  profitably  in  connec- 
tion with  their  physiology,  only  such  points  need  here  be  noticed  as  bear  011  their 
relation  to  other  tissues.  Blood  is  a  viscid,  red,  opaque,  alkaline  fluid,  con- 
tained in  a  tubular  system  of  vessels,  within  which  its  muss  is  in  continuous 
motion,  and  its  material  in  a  continual  state  of  change. 

The  average  specific  gravity  of  blood  in  man  is  about  1  "056,  and  it  makes  up  about  '077  of 
his  weight;  but  this  is  probably  liable  to  much  variety,  as  the  co-existence  of  an  arterial 
system  of  small  capacity  with  much  corpulence  is  not  at  all  uncommon.  The  exact  quantity  of 
blood  varies  very  little  in  different  stages  of  the  same  adult  individual,  amounting  to  about 
5 -6  kilos,  in  an  average  man,  constituting  a  bulk  of  about  4,400  cubic  centimetres.  Of  this 
mass,  at  any  given  time  about  one-eighth  is  in  the  arteries,  about  one-half  in  the  veins, 
including  those  of  the  liver  and  spleen,  and  the  remaining  three-eighths  in  the  finest  vessels 
or  capillaries. 

Blood  consists  of  two  parts,  the  cellular  elements  and  the  plasma  or 

intercellular  substance:  the  former  make  up  about  51-3  per  cent.,  the  latter 
487  per  cent,  of  the  whole.  The  corpuscles  are  of  two  kinds — (A)  Leucocytes, 
colourless  nucleated  cells  derived  from  lymph  (fig.  131),  which  show  active 
amoeboid  motions,  and  average    10  fi  in  diameter.     Each  cubic  mm.   of  blood 
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Fig 


[.  • — White  blood  corpuscles — A, 
normal ;  B,  acted  on  by  water ;  C,  by 
acetic  acid. 


contains  about  9,000  in  the  adult,  19,000  in  the  infant.  The  absolute  number 
varies  in  different  parts  of  the  body,  and  according  to  the  age  and  condition 

of  nutrition  of  the  individual,  increasing 
C        in  number  soon  after  a  meal,  becoming 

fewer  during  a  prolonged  fast. 

(B)  Red  Corpuscles  are  more  numer- 
ous than  white  in  the  proportion  of 
about  600  :  1,  and  make  up  36  per  cent, 
of  the  bulk  of  the  blood,  each  cubic 
millimetre  of  blood  containing  about 
5,000,000.  They  are  non-nucleated,  bi- 
concave, flattened  discs,  circular  in  out- 
line, measuring  7-7  /x  in  diameter  (fls;-.  132,  C,  ab);  and  about  1*9  {&  in  thickness 
(C,  c  d). 

The  bulk  of  a  corpuscle  is  estimated  at  •000000072  of  a  cubic  mm.,  the  surface  of  each  at 
•000128  sq.  mm.,  and  the  weight  at  "ooooS  mg.  The  collective  surfaces  of  all  the  corpuscles 
in  man  have  beeu  estimated  at  2,816  square  metres,  and  the  number  of  corpuscles  at  about 
25,000,000,000,000. 

Red  corpuscles  in  blood  at  rest  tend  to  cohere  into  rouleaux  (fig.  132,  A,  3), 
and  are  reddish-yellow  when  viewed  singly  by  reflected  or  transmitted  light 
in  arterial  blood,  but  slightly  greenish  Avhen  seen  by  transmitted  light  in 
venous   blood.      The    protoplasm    has   become    wholly   transformed    into    two 

A  B 


Fig.   132. — Red  blood  corpuscles — A,  human  :    B,  frog's  ;    1,  seen  on  their  surface  ;  2,  seen 
edgewise ;   3,  united  into  a  rouleaux ;  C,  ideal  transverse  section  of  human  corpuscle 

x  5000. 

materials ;  a  colourless,  elastic  stroma  or  ground-substance  to  which  the  cor- 
puscle owes  its  firmness,  flexibility,  and  constancy  of  shape,  and  a  colouring- 
matter,  called  haemoglobin,  which  varies  in  tint  according  as  it  is,  or  is  not, 
combined  with  oxygen.  In  the  former  case,  it  gives  to  blood  a  bright  scarlet 
colour,  and  the  blood  is  called  arterial;  in  the  latter,  it  is  a  deep  modena 
purple,  and  the  blood  is  venous.     Capillary  blood  is  intermediate  in  colour. 

Other  solid  elements  exist  but  more  sparingly  in  blood : — (A)  corpuscles  of  slightly 
different  shapes  ;  (B)  blood-plates,  which  are  minute,  pale  (or  slightly  coloured),  oval,  or 
lenticular  discs,  about  1  for  every  15  red  corpuscles,  and  of  much  smaller  size  (3  or  3"5ju); 
(C)  colourless  granular  masses;  or  (D)  minute  elementary  granules  (hcematoblasts  or  microcytes). 

II.  The  plasma  is  a  clear,  colourless,  alkaline  fluid,  capable  of  making  its 
way  through  the  walls  of  capillaries.     After  withdrawal  from  the  body,  under 
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the  influence  of  a  ferment  derived  from  the  white  corpuscles,  it  divides  into 
two  parts,  a  solid  clot  of  fibrin,  in  which  the  corpuscles  are  entangled,  and  a 
straw-coloured  fluid  or  serum  whose  specific  gravity  is  1-027,  anc^  which  makes 
nearly  two-thirds  of  the  bulk  of  the  original  plasma. 

Blood  contains  in  solution  rather  more  than  half  its  volume  of  gases  ;  100 
volumes  of  arterial  blood  contain  20  volumes  of  oxygen,  35  of  carbon  dioxide, 
and  2  of  nitrogen.  The  same  bulk  of  venous  blood  contains  10  of  oxygen,  45 
of  carbon  dioxide,  and  2  of  nitrogen.  The  bulk  of  the  oxygen  is  combined  with 
the  haemoglobin  in  the  corpuscles,  the  carbon  dioxide  is  dissolved  in  the 
plasma. 

Blood  is  the  carrying  tissue  of  the  body,  and  for  this  purpose  the  plasma,  and 
under  certain  conditions  the  white  corpuscles,  transude  through  the  coats  of  the 
smaller  vessels  into  the  spaces  which  are  always  present  between  the  cells  of 
the  connective  tissues.  Here  this  fluid  travels,  bathing  the  neighbouring  form- 
elements,  and  affording  them  at  once  the  opportunity  of  taking  in  nutriment  and 
of  getting  rid  of  the  products  of  cellular  metabolism.  The  resulting  fluid 
derived  partly  from  the  plasma,  partly  from  the  tissues,  is  named  lymph,  and 
the  intercellular  spaces  wherein  it  is  contained  are  called  lymph  paths 
(fig.  133).  Where  the  latter  are 
confluent  within  constrained  limits 
(a)  they  become  canal-like  intei*- 
cellular  passages  (x),  and  these  by 
coalescing  lead  into  tubular  canals 
called  lymphatics  (L),  which 
collect  and  return  the  lymph  into 
the  blood.  Lymph  is  thus  extra- 
vascular  plasma,  differing  from 
blood  plasma  in  containing  less 
albuminous  material,  and  holding 
also  the  waste  elements  derived 
from  the  tissues,  having  also  the 
nucleated,  but  not  the  non- 
nucleated  corpuscles.  If  we  may 
judge  from  the  relative  capacities 
of  the  capillaries  and  lymph  spaces, 
there  must  be  about  as  much  lymph 
as  true  blood  in  the  body. 

It  would  be  genetically  more  accurate 
to  reverse  the  statement  of  the  relation- 
ship and  to  call  blood  intravascular 
lymph,  in  which  are  contained  red  cor- 
puscles. Lymph  may  be  regarded  as 
the   primary  nutrient  fluid,   and  blood 

as  lymph  plus  a  respiratory  provision  in  the  form  of  the  non-nucleated  corpuscles,  for  the 
conveyance  of  oxygen  to  the  tissues. 

The  earliest  blood-corpuscles  of  the  embryo  are  masses  of  protoplasm  around  large 
nuclei,  derived  by  proliferation  from  mesoblastic  cells  in  the  vascular  area.  In  later  periods 
of  embryonic  life,  these  are  replaced  by  the  non-nucleated  blood-discs,  developed  (1)  by  the 
transformation  of  coloured  portions  of  the  protoplasm  of  pale  cells  in  the  red  marrow  of 
bones;  (2)  by  a  similar  process  in  other  embryonic  connective  tissues  (fig.  23);  (3)  possibly 
by  the  transformation  of  the  nuclei  of  white  corpuscles,  or  of  the  colourless  hsematoblasts, 
but  this  is  improbable. 

Changes  in  the  corpuscles,  as  yet  not  definitely  understood,  take  place  in  the  spleen, 
liver,  and  other  organs.  The  white  corpuscles  chiefly  arise  in  lymphatic  follicles  and 
lymphatic  glands,  and  from  thence  are  introduced  into  the  blood. 

In  certain  regions  where  foreign  materials  are  brought  in  contact  with  membranous 
surfaces,  they  enter  the  intercellular  spaces  and  are  carried  into  the  lymph  paths.  Thus 
medicinal   agents   applied   to  the   skin  become   absorbed,    and   hence   the   lymphatics   are 


Fig.  133. — Lymph  paths  in  central  tendon  of  dia- 
phragm— s,  lymph  space;  x,  opening  of  lymph 
space  into  lymphatic  :  B,  blood  vessel. 
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named  absorbents.  As  from  the  nature  of  the  case,  the  lymphatics  of  the  digestive  canal 
are  thus  constantly  engaged  in  carrying  the  fatty  products  of  digestion  into  the  circulation, 
their  fluid  assumes  a  special  character  from  this  admixture  and  is  called  chyle  ;  while 
the  vessels  carrying  it  appear  white  on  account  of  the  chyle  shining  through  the  transparent 
walls,  and  are  called  lacteals.  .... 

Chyle  consists  of  fat  granules  and  lymph  corpuscles,  suspended  in  a  fluid  identical  with 
the  plasma  of  lymph. 

49.  CIRCULATION. — The  blood  circulates  in  a  system  of  closed  tubes 
derived  from  the  luernocoelom,  starting  from  the  heart  as  a  centre  (fig.  134). 
The  heart  consists  of  four  cavities— two  auricles  or  receptive  cavities  (m,  t), 


135. — Scheme   of  the   coats  of  a 
small  artery. 


Fig.  134. — Scheme  of  the  circulation —  Fig, 

c,  carotid  artery  ;  I',  hepatic  artery ; 
i,  mesenteric  artery  to  intestine  i,  in 
which  it  forms  a  capillary  plexus, 
from  which  the  blood  passes  by  r, 
the  vena  porta?,  to  I",  the  liver,  there 
to  pass  again  through  a  capillary 
plexus. 

and  two  ventricles  or  propulsive  cavities  (n,  0).  The  oxygenated  or  arterial 
blood  is  propelled  by  the  left  ventricle  (0)  into  the  aorta  («),  and  from  thence  into 
the  arteries,  which  convey  it  to  the  ultimate  vessels  or  capillaries  (h,  x),  where  it 
nourishes  and  aerates  the  tissues,  and  from  which  it  is  returned  by  the  veins 
(s,  v)  into  the  right  auricle  of  the  heart  (m).  From  thence  it  enters  the  right 
ventricle  (n),  which  drives  it  into  the  lungs  (//.  p")  through  the  pulmonary 
arteries  (e)  to  be  aerated,  and,  returning  from  thence  by  the  pulmonary  veins 
(f,f),  it  is  poured  into  the  left  auricle  (t),  and  through  it  into  the  left  ventricle, 
to  pass  again  in  the  same  round.  There  are  thus  two  circulations,  the  lesser 
or  pulmonic,  in  which  the  blood  traverses  successively  the  right  auricle,  right 
ventricle,  pulmonary  artery,  lung  capillaries,  and  pulmonary  veins  ;  and  the 
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greater  or  systemic,  traversing  the  left  auricle,  left  ventricle,  arteries,  capillaries, 
and  veins. 

The   vessels   of  the    greater  circulation  are    fourfold: — i,  Those    carrying 

oxygenated   blood   to   the   tissues  =  arteries ;    2,   capillaries;   3,  those  returning 

to  the  heart  the  intravascular,  impure  blood,  rich  in  carbon  dioxide  =  veins ; 

and  4,  those  collecting  and  returning  the  extravasated  plasma  and  fluids  from 
the  tissues  =  lymphatics. 

50.  ARTERIES  are  firm,  elastic  tubes,  whose  walls  consist  of  the  following 
coats  :—  1,  A  thin,  irregular  endothelium  (fig.  135,  a).  2,  A  sub-endothelial 
tunica  intima  of  structureless  ground-substance  containing  small  branched  con- 
nective cells,  and  a  few  elastic  fibres  (in  the  smaller  vessels).  3,  A.  fenestrated 
or  lamellar  elastic  coat,  in  which  connective  cells  are  embedded.  In  large 
arteries  this  consists  of  several  layers,  between  which  a  few  longitudinal 
unstriped  muscular  fibres  are  scattered  (6).  These  layers  taken  together  are 
often  called  the  inner  coat. 

4,  A  thick,  stratified  lamella,  the  so-called  middle  coat  (c),  consisting,  in 
smaller  arteries,  of  transverse  unstriped  muscle  cells,  placed  either  circularly, 
or  (in  very  small  vessels)  in  alternate  or  spiral  series ;  in  arteries  of  a  middle 
size  the  thick  layer  of  circular,  unstriped  muscle  is  mixed  with  a  variable 
quantity  of  connective  tissue  and  elastic  fibres.  In  general,  as  arteries  diminish 
in  size,  the  proportion  of  muscular  tissue  in  the  middle  coat  increases  ;  and 
as  they  enlarge,  the  elastic  tissue  increases.  5,  Outside  the  muscular  layer  in 
middle-sized  arteries  is  an  external  elastic  lamina,  also  of  fenestrated  tissue. 

6,  The  outermost  or  adventitious  coat  consists  of  layers  of  felted  fibrillar 
tissue  with  elastic  fibres,  derived  from  the  condensation  of  the  surrounding- 
tissues  (d).  In  the  larger  vessels,  and  in  unsupported  arteries  such  as  those 
of  the  abdomen  and  face  there  are  bundles  of  longitudinal  muscular  fibres  in 
this  coat. 

In  very  large  arteries  the  middle  coat  consists  of  10  to  40  lamellae  of  fenestrated  elastic 
tissue,  bound  together  by  connective  tissue,  the  intervening  meshes  being  tilled  by  homo- 
geneous ground-substauce,  fibrillar  connective  tissue,  ami  a  few  transversely  placed  muscle 
cells.     The  outer  aud  inner  elastic  laminae  are  generally  very  thick  in  vessels  of  large  size. 

The  arrangement  of  the  muscular  coat  varies  in  different  vessels.  It  is  absent  in  the 
ascending  aorta,  the  pulmonary  artery,  the  retinal  and  Haversian  arteries.  The  arteries 
entering  muscles  have  a  circular  set  only ;  the  larger  visceral  arteries — the  cceliac,  mesen- 
teric, renal,  hepatic,  and  spermatic— have  an  internal  longitudinal  and  an  outer  circular  set 
of  muscle  cells  ;  while  the  larger  limb  arteries  have  an  outer  and  inner  circular,  and  a  middle 
longitudinal  set.  The  umbilicals  in  the  fcetus  have  outer  and  inner  longitudinal,  and  an 
intermediate  circular  series  of  fibres  ;  but  this  is  not  the  case  in  the  internal  iliac. 

The  amount  of  muscle  and  elastic  tissue  in  the  arterial  wall  varies  witli  the  position  as 
well  as  with  the  size  of  the  vessel.  The  carotids  and  axillaries  have  much  more  elastic  tissue 
in  their  walls  than  the  cceliac  and  femorals,  which  have  a  thicker  muscular  coat. 

The  arterial  system  branches,  tree-like,  from  the  aorta  or  main  artery  as  a  trunk.  The 
sectional  ai-ea  of  the  aorta  at  its  origin  is  616  sq.  mm.  The  combined  area  of  the  56  branches 
arising  from  it  is  1055  sq.  mm.;  that  of  the  secondary  branches  of  these  is  greater  still  ;  and, 
finally,  that  of  the  capillaries  is  780  times  greater.  The  whole  arterial  tree,  therefore, 
expands  in  calibre  from  the  aorta  to  the  smallest  branches.  This  expansion  is  departed  from 
in  a  few  instances,  thus  the  combined  sectional  areas  of  the  two  common  iliacs  is  practically 
equal  to,  sometimes  a  little  less  than  that  of  the  aorta. 

Each  artery  has  an  area  of  distribution,  which  it  nourishes  ;  and  the  size  of  the  vessel 
depends  not  only  on  the  size,  but  on  the  activity  of  the  metabolism  in  the  organ  supplied. 
Thus  the  splenic  artery  has  a  sectional  area  of  28  sq.  mm.,  and  supplies  an  organ  195 
grammes  in  weight,  while  the  various  vessels  supplying  the  femur  have  a  sectional  area  of  9 '2 
sq.  mm.,  and  supply  an  organ  which  weighs  450  grammes.  In  general,  it  may  be  estimated 
from  the  mean  of  many  observations  that  the  arteries  of  muscle  have  a  sectional  area  of 
1  sq.  mm.  to  every  18  ccm.  ;  compact  bone  has  1  sq.  mm.  for  each  25  ccm. ;  and  the  spleen 
1  sq.  mm.  for  every  5-5  ccm.  of  volume.  In  a  case  of  an  old  ankylosed  knee  with  atrophied 
muscles,  the  sectional  area  of  the  common  iliac  artery  on  the  affected  side  was  to  that  on 
the  sound  side  as  50  :  95. 
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In  a  few  cases,  as  in  the  kidneys,  retina,  and  braiD,  the  arteries  break  up  into  branches 
which  do  not  communicate  with  each  other  ;  such  vessels^  are  called  end-arteries,  and  if 
these  trunks  are  blocked  up,  the  tissue  to  which  they  are  distributed  dies.  In  most  instances, 
however,  the  vessels  of  neighbouring  regions  communicate  more  or  less  freely  with  each 
other,  the  communications  being  called  anastomoses.  Of  these  there  are  three  kinds  :  — 
I,  inosculative,  where  large  arteries  running  in  the  same  general  direction  open  into 
each  other,  as  at  the  base  of  the  brain  ;  2,  collateral,  where  branches  arising  from  the 
upper  part  of  a  stem  communicate  with  other  branches  arising  from  the  same  stem  at  a 
lower  level ;  3,  heterocladic,  where  branches  derived  from  separate  trunks  communicate  near 
the  borders  of  contiguous  arterial  territories.  Anastomoses  of  the  first  kind  occur  in  viscera, 
such  as  the  small  intestines  or  brain,  requiring  a  uniform  vascular  supply  ;  those  of  the 
second  class  occur  in  limbs  where  the  motion  of  a  joint  is  liable  to  obstruct  the  circulation 
in  the  main  artery  of  the  limb,  the  anastomotic  branches  arising  above  and  below  the  level  of 
the  joint.  In  anastomotic  arteries  of  the  second  and  third  class,  contrary  currents  flow 
in  the  two  component  arteries,  and  the  blood  is  driven  into  the  small  side  branches  which 
are  always  abundant.  In  those  of  the  first  kind  the  two  currents  coalesce  and  blend  into 
one,  flowing  in  the  same  direction,  hence  anastomoses  of  the  former  kind  are  called  open,  of 
the  latter  kind,  closed. 

Dilatations  of  anastomotic  trunks  with  contraction  or  obliteration  of  the  original  main 
vessel  constitute  the  commonest  forms  of  variation  met  with  among  arteries. 

The  tissues  composing  the  wall  of  an  artery  have  a  wide  limit  of  elasticity,  the  modulus 
of  dead  arterial  tissue  being  o'o735,  that  of  strips  taken  lengthwise  and  crosswise  is  fairly 
equal.  The  coefficient  of  elasticity,  however,  increases  with  increasing  pressure.  Thus,  by 
increasing  the  pressure  the  coefficient  of  elasticity  of  the  femoral  artery  can  be  made  to  vary 
from  10,000  to  19,000.  Longitudinal  strips  of  aorta  1  cm.  in  breadth  broke  with  a  weight  of 
6-5o  kilos.,  transverse  strips  of  the  same  size  with  a  weight  of  5*7.  Longitudinal  strips 
of  carotid  of  the  same  width  broke  with  a  weight  of  4 '2,  the  radial  artery  broke  with  a 
weight  of  4  kilos. 

The  arterial  coats  are  constructed  to  bear  a  considerable  degree  of  intravascular  tension. 
Thus,  the  human  carotid  will  bear  without  rupture  the  internal  pressure  of  a  column  of  mercury 
1  "85  metres  in  height,  or  about  seven  times  the  ordinary  blood  pressure.  It  is  interesting  to 
note  that  the  actual  thicknesses  of  the  walls  of  vessels  observed  are  always  greater  than  those 
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calculable  on  Barlow's  formula  for  pipes,  t  =  —  — ,  where  t  =  thickness,  r  =  radius,  c  =  co- 

c  -  p 

hesion,  and  p  the  internal  pressure.     The  resistance  to  the  flow  is  increased  by  the  presence 

of  bends,  as  in  the  vertebral  and  inferior  thyroid  arteries,  by  division  or  by  inosculation. 

Arteries  are  sufficiently  firm  to  retain  their  roundness  of  outline,  and  they  appear  empty 

after  death.     As  age  advances  the  elasticity  of  arteries  diminishes,  and  in  consequence  such 

vessels   as   are   imperfectly   supported   are   apt  to   elongate   and   to   become   tortuous   and 

spirally  twisted.    A  few  vessels,  such  as  the  vertebral,  are  normally  spiral,  but  the  temporal, 

facial,  splenic,  and  iliacs  often  show  senile  spirals  from  loss  of  elasticity. 

Arteries  may  be  divided  according  to  their  sizes  into  classes: — 

t.  Those  of  the  first  class  exceed  8  mm.  in  diameter,  such  as  the  innominate, 

femoral,  iliacs,  subclavian,  and  common  carotid.     These  arteries  have  each  one 

attendant  vein. 

2.  Those  of  the  second  class  are  between  8  and  6  mm.  in  diameter,  and  may 
have  one  or  two  attendant  veins. 

3.  Those  of  the  third  class  are  between  6  and  3  mm.  in  diameter,  and 
usually  have  two  veins  accompanying  them. 

4.  Those  of  the  fourth  class  are  below  3  mm.,  and  also  usually  have  two 
veins. 

In  general,  arteries  take  the  shortest  and  most  protected  way  from  their  origin  to  the 
territory  of  distribution,  and  consequently  those  of  the  1st,  2nd,  and  3rd  classes  are  always 
sub-fascial,  and  invested  by  a  special  envelope  of  the  fascia  of  the  limb  as  a  sheath.  They 
usually  lie  along  the  edge  of  a  bone  for  protection,  and  are  so  disposed  that  they  are  not 
compressed  by  muscular  action,  which  may  even  cause  negative  pressure.  The  main  arteries 
of  limbs  are  on  the  flexor  side,  and  medial.  Where  vessels  of  size  larger  than  the  fourth 
order  have  to  traverse  muscles,  they  are  protected  by  tendinous  arches. 

Arteries  branch  in  various  ways.  Sometimes  they  bifurcate  evenly  into  two  equal 
branches,  which  in  that  case  diverge  at  equal  angles  from  the  line  of  the  trunk  produced. 
If  the  branches  are  unequal,  and  one  is  less  than  half  and  exceeds  two-fifths  of  the  original 
stem,  then  the  stem  artery  from  which  the  branch  comes  off  is  deflected  from  its  straight 
course  to  the  opposite  side,  and  the  degree  of  deflection  varies  with  the  size  of  the  vessel. 


CAPILLARIES    AND    VEINS. 


79 


Fig.  136. — Capillaries. 


If  two  equally  large  vessels  arise  opposite  each  other  from  a  central  stem,  the  direction  of 

that  stem  is  not  affected. 

51.   CAPILLARIES  are  the  minute,  contractile,  and  elastic  tubules  which 
connect  the  smallest  arteries  with  the  radicles  of  the  veins.     They  vary   in 
diameter  from  12  /x  in  red  marrow  to  5  //,  in  the  white  substance  of  the  brain, 
and    form    networks    whose    meshes 
generally  differ  in  shape  in  different 
tissues  (fig.   136),  being  elliptical  in 
muscle  (fig.  117),  rounded  in  gland, 
polygonal  in  serous  membrane,  radiat- 
ing in  the  liver,  with  simple  loops  in 
skin,  with  arched  loops  in  the  iris. 
These  meshes  are  close  or  lax,  accord- 
ing as  the  tissues  they  traverse  are 
more  or  less  metabolic. 

Capillaries  are  lined  by  a  delicate 
endothelium,  whose  cells  are  united 
by  an  intercellular  cement,  marked 
here  and  there  with  fine  dots 
{stigmata),  which  sometimes  dilate 
into  seeming  apertures  (stomata). 
Outside  the  endothelium  is  a  fine, 
structureless  layer  {perithelium). 

The  sizes  and  closeness  of  the 
capillaries  in  a  tissue  influence  its 
nutrition.  As  equal  quantities  of 
blood  pass  through  each  plane  of  the  vascular  system  in  a  given  time,  and  as 
the  velocity  varies  inversely  with  the  lumina  of  the  tubes  while  the  resistance 
increases  with  increased  area  of  Avail,  so  the  rate  of  flow  of  blood  in  the 
capillaries  is  much  slowrer  than  that  in  the  large  arteries.  The  sectional  area 
of  the  capillaries  in  the  body  of  a  well-grown  adult  has  been  estimated  at  3,000 
sq.  cm. 

52.  VEINS  are  larger  in  calibre,  less  uniform  in  structure,  and  thinner  in 
coats  than  arteries.  The  venous  wall  consists  of  (1)  an  inner  tunic  made  up  of 
an  endothelial  lining  (fig.  137,  a),  whose  cells  appear  shorter  and  broader  than 
those  in  arteries,  but  this  may  be  due  to  the  different  conditions  of  tension  of 
the  walls,  and  a  sub-endothelial  striated  layer  of  fine  connective  tissue,  often  con- 
taining a  fenestrated  elastic  lamina  and  muscle  cells  (b).  (2)  A  middle  coat, 
consisting  of  a  thin  layer  of  circularly  disposed  muscle  cells  (c),  embedded  in 
a  fibrous  basis,  sometimes  with  an  underlying  longitudinal  fibrous  layer. 

Muscular  fibres  are  absent  in  the  superior  vena  cava  (except  close  to  the 
auricle),  the  innominate,  jugular,  and  subclavian  veins,  in  the  veins  of  bones  and 
of  the  nervous  system.  In  the  uterine  veins  the  only  muscular  fibres  are 
longitudinal.  In  the  inferior  vena  cava,  the  hepatic,  renal,  spermatic,  azygous, 
and  axillaiy  veins  there  is  an  outer  longitudinal  and  an  inner  circular  muscular 
layer.  In  the  mesenteric  and  portal  veins,  and  the  tributaries  of  the  inferior 
vena  cava,  there  is  a  circular  layer  between  an  outer  and  inner  longitudinal 
series,  although  the  coat  thus  constituted  is  very  thin. 

(3)  The  outer  or  adventitious  coat  of  connective  tissue  is  the  thickest,  con- 
sisting of  an  inner  elastic  longitudinal  layer  and  an  outer  areolar  layer  (d), 
which  contains  longitudinal  muscle  cells  in  the  veins  of  the  inferior  caval 
system. 

At  definite  spots  in  the  -walls  of  veins,  folds  of  the  lining  layer  form  valves 
(fig.  138),  each  of  which  appears  like  a  pocket,  presenting  a  crescehtic  attached 
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border,  and  a  free  edge  directed  towards  the  heart.  They  occur  in  pairs  in 
the  course  of  a  vein,  but  are  single  at  the  mouths  of  branches.  The  vein  is 
dilated  on  the  cardiac,  contracted  on  the  distal  side  of  a  valve. 

Valves  have  been  described  as  situated  at  regular  distances  which  are  a  nth.  power  of  some 
fundamental  interval  which  varies  in  each  vein  with  its  physical  conditions,  the  interval  being 

7  mm.  for  the  superficial  veins  of  the  lower,  and  5*5 
for  those  of  the  upper  extremity,  but  this  is  ouly 
true  within  wide  limits.  A  lateral  branch  generally 
opens  on  the  proximal  side  of  each  valve,  and  con- 
versely there  is  generally  a  pair  of  valves  ou  the  distal 
side  of  each  branch.  Each  valve  (fig.  137)  consists  of 
a  thin  layer  of  the  inner  coat  with  longitudinally 
elongated  endothelial  cells  on  the  side  directed 
towards  the  centre  of  the  vessel,  and  transversely 
elongated  cells  on  the  cardiac  side  of  the  valve. 
There  are  no  valves  in  the  large  trunks  of  the  portal 
system,  in  the  coronary,  or  nieningeal  veins  in 
general.  Valves,  however,  exist  in  the  gastric  and 
some  of  the  smaller  mesenteric  veins. 

The  venous  system  is  more  capacious 
than  the  arterial  in  the  proportion  of  3-5  :  1. 
In  the  limbs,  veins  are  two-fold — (A)  Vense 
COmitQS  arranged  in  pairs,  one  on  each  side 
of  each  artery  of  the  third  class  or  under  ; 

and    (B)    subcutaneous    veins    without 

arteries,  returning  blood  from  the  integu- 
ment. Within  the  head,  the  veins  of  the 
dura  mater  are  spaces  formed  by  the  splitting 
of  that  membrane  lined  by  endothelium, 
and  are  called  sinuses.  The  veins  which 
accompany  arteries  of  the  first  and  second 
class  are  single. 

In  certain  circumscribed  masses  of  areolar 
tissue,  veins  of  unequal  calibre  break  up 
into  branches  which  anastomose  irregularly 
with  each  other,  and  whose  walls  are  imper- 
fect, allowing  of  the  escape  of  the  blood  into 
the  surrounding  spaces  (fig.  139,  b),  bathing 
the  spongy  endothelium-clad  network  of 
areolar  threads,  unstriped  muscle  (c),  and  elastic  fibrils  («).  Tissue  of  this 
kind  is  called  cavernous  or  erectile  tissue,  and  is  enveloped  in  a  strong- 
fibrous  capsule,  as  in  the  corpora  cavernosa  penis. 

In  the  walls  of  all  blood-vessels  larger  than  those  of  the  fourth  class  are  fine 

vessels  (vasa  vasorum)  which  pass  in  a  distal  direction,  and  are  distributed 

to  the   outer  and   middle   coats   only.      Lymphatics   and 

lymph  spaces  are  abundant  in  and  around  the  adventitia. 

Plexuses  of  nerves  ramify  in  the  walls  of  all  vessels. 

In  some  tissues  blood-vessels  divide  into  tufts  of 
minute  and  frequently  communicating  vessels,  which  end 
in  capillaries  ■  these  are  called  unipolar  retia.  In 
other  places  vascular  trunks  divide  in  like  manner,  but 
the  branches  reunite  into  larger  stems,  which  again 
ultimately  divide  and  end  in  capillaries ;  these  are 
bipolar  retia,  such  as  the  glomeruli  in  the  kidney. 
Some  retia  are  purely  arterial;  some,  as  in  the  liver  (fig.  134),  are  venous; 
some  are  mixed. 


Fig.  137. — Longitudinal  section  of  a 
vein  at  the  level  of  a  valve. 


Fig.    138. — Valves    in 
the  saphena  vein. 


THE  DEVELOPMENT  OF  THE  VASCULAR  SYSTEM. 


Fig.  139. — Erectile  tissue. 


53.  EMBRYOLOGY  OF  THE  VASCULAR  SYSTEM.— The  vascular  system,  as  has 
been  already  described,  ai-ises  as  a  subdivision  of  the  cteloin,  outside  and  around  as  well  as 
within   the  embryonic   area   (fig. 
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23).  The  primitive  heart,  which 
is  formed  by  the  coalescence  from 
before  backwards  of  the  two  bila- 
terally symmetrical  ventral  tubes 
of  the  hsemoccelorn  (figs.  26,  27, 
and  28),  is  of  large  proportional 
size,  and  becomes  sigmoidally 
curved  (fig.  28),  lying  on  the 
ventral  side  of  the  fore-gut,  to 
which  it  is  tied  by  a  mesocar- 
clium,  on  the  postaxial  side  of  the 
visceral  slits;  and  it  is  continuous 
posteriorly  with  the  sinus  venosus 
(sr).  The  curvature  of  the  tube 
is  double  ;  viewed  sagittally,  it 
appears  as  a  loop,  the  venous 
limb  of  which  passes  to  the  left 
of  the  arterial  ;  ventrally  it 
appears  ^-shaped,  with  an  arterial 
curve  concave  upwards  and  to  the 
left,  and  a  venous  curve  concave 
downwards.  The  ventricular  loop 
soon  loses  its  mesocardium,  and 
appears  as  a  stomach-shaped 
curved  bag,  widest  at  its  left  end. 

The  mesoblast  of  the  heart 
tube  early  differentiates  into  two  layers,  an  inner  or  endothelial  (fig.  140),  which  bounds 
the  lumen  of  the  cavities,  and  an  outer,  which  becomes  muscular.  The  continuous  cardiac 
loop  differentiates  into  three  parts — 1st,  the  primary  auricle  (««)>  behiud  and  below  ; 
2nd,  the  auricular  canal  (c);  3rd,  the  looped  ventricle  (v). 

Below  and  behind  the  auricle,  the  confluence  of  the  allantoic  dig.  2S,  u)  and  hypoplastic  (0) 
veins,  with  the  somatopleural  veins  of  each  side,  forms  the  sinus  venoSUS  (•>•/•) ;  which  at  its 
upper  part  dilates  into  a  sac,  applied  to  the  back  of  the 
auricle,  into  which  it  discharges  itself  by  a  single  opening 
(fig.  152).  This  saecus  venosus  has  two  cornua  (fig.  152), 
right  and  left,  which  receive  the  lateral  somatopleural  veins 
(duct  of  Cuvier) ;  of  these  the  right  becomes  the  larger  and  more 
vertical,  the  left  the  smaller  and  more  horizontal  (fig.  142,  d,  s). 

The   body    of  the   auricle    into   which    the    saecus   opens, 
expands   on   each   side  of  its   mesocardial   attachment  to  the 

fore-gut  into  two  lateral  pouches,  the  auricular  append- 
ages. These  (fig.  141,  0, 0')  soon  exceed  the  ventricle  in 
transverse  width  (fig.  141,  5),  projecting  forwards,  right 
and  left  of  the  bulbus  aorta?  (6),  which  they  embrace,  their 
terminal  edges  becoming  lobate  and  irregular.  The  wall  of 
the  auricle  is  dense  from  the  first,  and  the  endothelial  lining 
is  in  contact  with  the  muscle. 

The  auricular  canal  (figs.  140,  c:  142,  c)  is  a  narrow 
segment,  distinguished  by  having  its  endothelial  lining  ex- 
panded into  two  broad  lateral,  and  two  narrow  sagittal 
pads  (fig.  143,  c — auriculo-vehtricular  pads),  which  constrict 
its  lumen  to  a  narrow  slit,  although  the  muscular  wall,  which  is  very  compact,  is  elliptical 
in  section.  This  canal  is  at  first  vertical,  but  becomes  directed  almost  horizontally  forwards 
to  open  into  the  ventricle. 

The  ventricle  forms  a  horse-shoe-like  loop  (figs.  22;  140;  141,  2,  3,  and  4),  whose  hinder 
or  left  end  is  the  COnUS  VenoSUS,  and  its  anterior  right  end  is  the  eonus  arteriosus. 
The  wall  is  of  spongy  consistence,  and  its  trabecular  have  an  endothelial  investment.  At  first 
the  lower  edge  of  the  loop  is  evenly  convex,  but  a  shallow  furrow  (fig.  142,/)  soon  notches 
this  margin,  dividing  it  into  right  and  left  portions,  and,  corresponding  to  this,  a  sickle-like 
ridge  (figs.  142;  143,  v)  rises  within  the  cavity  from  its  fundus,  with  a  free  concave  margin 
upwards  towards  the  auricular  canal  (fig.  145,  S  I  F).  This  septum  inferius  is  nearly 
transverse,  passing  from  the  left  of  the  conus  arteriosus  to  the  right  of  the  conus  venosus ;  and 
when  it  appears,  the  two  ends  of  the  ventricular  loop  approach  and  finally  cross  each  other,  so 
that  the  up-rising  conus  arteriosus  lies  in  front  of  the  down-directed  conus  venosus. 
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140. — Diagram  of  lin- 
ing or  endothelial  layer 
of  primitive  heart  — /, 
fretum ;  a,  aorta. 
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As  growth  proceeds,  the  auricular  canal  (fig.  143,  c),  which  is  strongly  marked  off  from 
the  ventricle,  becomes  projected  downwards  into  it,  turning  in  the  mouth  of  the  ventricle 
along  with  it  (rig.  146,  a,  I),  thus  making  a  projecting  muscular  double-layered  lip  jutting 


Fig.  141. — Diagram  of  successive  stages  of  development  of  the  heart. 

into  the  ventricle  around  the  mouth  of  the  auricular  canal.  The  latter  ceases  to  appear  on  the 
outside  as  a  distinct  segment,  and  forms  an  enveloping  lip  for  the  auriculo-ventricular  opening. 
Into  the  space  between  the  involuted  auricular  canal  and  the  invaginated  mouth  of  the 


Fig.     142. — Section    through    embryonic 
heart,  showing  auricular  canal. 


Fig.  143. — Vertical  section  through  embryonic  heart 
at  right  angles  to  142 — sp,  septum  spurium. 


ventricle,  a  thick  layer  of  connective  tissue  (e),  continuous  with  the  epieardium  or  outer 
connective  envelope  of  the  heart  (fig.  146,  e),  becomes  interjected,  making  a  fibrous  ring 
around  the  opening  and  an  intermediate  connective  stratum  in  the  lip. 


GROWTH    OF    CARDIAC    PARTITIONS. 
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The  mouth  of  the  conus  arteriosus  is  contiuued  into  the  first  part  of  the  arterial  canal 
(the  fretum — fig.  140,  /),  which  is  the  most  constricted  part  of  the  vascular  system,  and 
whose  endothelial  lining  is  thickened  into  four  projecting  pads.     The  fretum  communicates 


Fig.  144. — Section  of  developing  heart,  showing 
components  of  septa — d,  diaphragm. 


Fig.     145. — Formation 
ventricular  septum. 


of 


with  the  bulbus  aortse  (fig.  140,  a),  which  is  fixed  to  the  fore-gut  by  a  mesocardial  fold  and 
extends  into  the  uncleft  mesoblast  anterior  to  the  co?lom.  The  wall  of  the  bulbus  consists 
of  three  layers,  a  lining  endothelium,  a  soft  connective  middle  layer,  becoming  in  the  adult 
the  sub-endothelial  portion  of  the  tunica  intima ;  and  a  third  or  muscular  layer,  which,  at 
its  earliest  appearance,  is  continuous  with  that  of  the  heart. 

Completion  of  the  Ventricular  Septum.— Along  the  sides  of  this  bulbus,  two 
longitudinal,  semi-cylindrical  ridges  appear,  which  project  into  its  lumen  and  ultimately 
unite  (fig.  144,  between  a  and  p),  at  first  above,  afterwards  the  union  extends  obliquely  down- 
wards ;  the  primarily  single  aortic  bull)  thus  becomes  divided  into  two  vessels,  an  anterior 


Fig.   146. — Formation  of  auriculo- 
ventricular  valves. 


Fig.  147. — Diagram  of  completion 
of  auricular  septum,  horizontal 
view— S.  INT.,  valvula  sinistra; 
S.  INF.,  lower  edge  of  septum 
superius. 


or  pulmonic  (j>),  and  a  posterior  or  aortic  (a).  At  first  the  plane  of  this  septum  aortieum 
{figs.  143,  a;  145,  S.  A)  is  at  right  angles  to  that  of  the  septum  inferius  (fig.  145.),  but  as  they 
grow  towards  each  other,  they  each  become  laterally  twisted  until  their  planes  nearly  coincide. 
In  this  state  the  ventricle  appears  imperfectly  divided,  and  the  bulbus  is  perfectly  divided 
above  but  imperfectly  below. 

Completion  Of  the  Auricular  Septum.— As  the  heart  grows  in  size,  the  saccus 
venosus  becomes  more  closely  applied  to  the  back  wall  of  the  auricle  (fig.  144,  s.r),  the  middle 
line  of  which,  being  fixed  to  the  fore-gut,  is  prevented  from  expansion  (fig.  141,  tL),  and  is 
made  to  project  as  a  cresceutic  fold  into  the  interior  of  the  auricular  cavity,  the  septum 
superius  (figs.  143,  u;  144,  s.s).  Eventually  the  saccus  becomes  an  integral  portion  of  the 
back  wall  of  the  auricle,  the  two  lips  which  border  its  communication  with  the  body  of  the 
auricle  expanding  into  crescentic  folds,  that  on  the  right  becoming  the  greater  Eustachian 
valve  (figs.  144;  148,  v.e),  that  on  the  left,  the  valvula  sinistra  (fig.  142,  u;  148,  v. sin). 
The  lower  portion  of  the  boundaiy  wall  between  the  auricle  and  the  saccus  projects  into 
the  cavity  of  the  auricle  as  a  wedge-shaped  mass  of  connective  tissue  (figs.  143,  n;  145,  SI ; 
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146,  s),  which,  jutting  downwards  towards  the  auriculo-ventricular  opening,  becomes  fused 
with  the  fore  and  hinder  auriculo-ventricular  pads  of  the  auricular  canal,  and  thus  divides 
the  cavity  of  the  auricular  canal  into  two  parts.  To  this  down-growing  partition  the  name 
septum  intermedium  (fig.  144,  *•  int.)  is  given,  and  it  unites  with  the  up-growing 
septum  inferius  of  the  ventricle  (fig.  145),  and  thus  completely  separates  the  right  and  left 
ventricles  from  each  other  (fig.  134,  s).  The  last  perforation  between  the  ventricles  closes 
when  the  septum  inferius  and  septum  aorta;  unite  (fig.  145,  SIF,  SI,  and  SA).  From 
these  three  sources  the  interventricular  and  aortic  partitions  arise. 

The  auricular  septum  has  also  a  tripartite  source  (fig.  144).  The  down-growing  septum 
superins  of  the  auricle  meets  with  the  front  edge  of  the  septum  intermedium  below  and  in 
front  (fig.  144),  leaving  an  archway  on  the  right  of  the  valvula  sinistra,  but  that  fold  grows 
upwards  and  forwards  to  close  it.  The  aperture,  however,  remains  open  until  birth,  and 
does  not  close  until  respiration  is  established.  The  completion  of  the  septum  divides  the 
portion  of  the  saccus  venosus  into  two  parts,  one  on  the  right  and  one  on  the  left.  The 
boundary  line  of  that  on  the  right  is  recognisable  externally  even  in  the  adult  as  a  shallow 
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Fig.  148. — Right  auricle  of  fcetus. 


Fig.  149. — Diagram  of  primitive 
metameric  arterial  arch. 


Sulcus  terminalis  passing  from  the  right  of  the  opening  of  the  superior  vena  cava  to  the 
left  of  the  inferior.  Internally  the  same  boundary  is  marked  by  a  muscular  band,  tSBnia 
terminalis,  which  separates  the  smooth  wall  of  the  saccus  from  the  fasciculated  wall  of  the 
auricle.  The  lower  and  right  lip  of  the  opening  is  the  Eustachian  valve,  while  a  trace  of 
the  upper  edge  of  the  saccus  appears  as  a  ridge  on  the  roof  of  the  right  auricle  in  front  of 
the  superior  vena  cava,  the  taenia  sagittalis.  The  part  of  the  saccus  on  the  left  side  of 
the  septum  is  in  contact  with  the  lungs,  and  receives  vessels  therefrom,  the  four  pulmonary 
veins.     The  first  of  these  to  appear  is  the  superior  on  the  right  side,  then  the  upper  on  the 

left,  the  lower  pair  being  later  in  develop- 
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Fig.  150. 


-Diagram  of  metameric  arcade — 
a  later  stage. 


ment.  The  opening  of  this  portion  of 
the  saccus  and  auricle,  on  the  left  of  the 
septum  intermedium,  into  the  ventricle 
leftward  of  the  septum  inferius  is  the  left 
auricnlo-ventricular  opening  (fig.  147). 

When  the  pulmonary  veins  increase, 
they  carry  with  them  from  the  auricle 
a  layer  of  striped  caixliac  muscle  in  their 
outer  layer. 

54.  THE  DEVELOPMENT  OF  THE 
ARTERIAL  SYSTEM.  — The  vascular 
system  of  man  is  a  modification  of  a 
simpler  system  of  metameric  and  inter- 
metameric  vessels.  The  primitive  verte- 
brate vascular  system  probably  consisted 
of  a  tubular  arcade  on  the  splanchnic  wall 
of  each  side  of  each  segment  (fig.  149), 
joined  to  the  corresponding  arch  in  the 
preceding  and  succeeding  segment,  by  a 
dorsal  and  ventral  intermetameric  trunk 


on  each  side  of  the  middle  line.    These  vessels  originally  formed  a  double  series,  consisting  of 
the  two  long  ventral  and  two  dorsal  trunks,  and  the  lateral  uniting  arch  in  each  segment. 
One  of  the  earliest  changes  which  has  taken  place  is  the  fusion  into  a  single  trunk  of  the 
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dorsal  vessels ;  this  commences  behind  the  head  and  travels  back  rapidly,  so  that  very  soon 
there  is  but  one  dorsal  aorta  for  the  middle  and  hinder  part  of  the  body  (tig.  150).  In  the 
region  of  the  head  and  neck,  the  foremost  ends  of  these  vessels  remain  permanently  separated 
as  the  internal  carotid  arteries  (fig.  151),  while  the  part  intervening  on  each  side,  between 
the  dorsal  aorta  and  the  carotids,  becomes  obliterated. 

There  were  originally  two  ventral  longitudinal  vessels  in  the  hsemoccelom,  but  their  union 
occurred  even  earlier  than  that  of  the  dorsal,  as  has  been  seen  in  tracing  the  development 
of  the  heart.  The  formation  of  this  organ  differentiates  the  pre-  from  the  post-cardiac 
portions  of  the  ventral  vessel,  the  former  of  which,  with  the  dorsal  trunk,  the  pre-cardiac 
lateral  arcades,  and  the  dorsal  portions  of  the  metameric  vessels  in  the  post-cardiac  segments, 
together  with  vessels  ai'ising  from  them,  constitutes  the  adult  arterial  system.  As  a  conse- 
quence of  the  differentiation  of  the  heart,  the  only  metameric  arches  which  remain  ai-e 
pre-cardiac,  joining  the  ventral  to  the  dorsal  aorta  by  vessels  which  become  the  successive 
aortic  arches.  Behind  the  heart  the  dorsal  ends  of  the  post-cardiac  lateral  metameric  arcades 
extend  from  the  dorsal  aorta  through  the  nasogastric  fold,  and  end  in  the  splanchnopleure. 
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Fig.  151. — Diagram  of  aortic  arches.     The  parts  in  black  are  obliterated  in  the  adult. 

These  have  participated  very  early  in  the  specialisation  of  the  post-cardiac  splanchnopleure 
and  have  become  visceral  arteries,  broken  into  a  capillary  plexus  in  the  middle  of  their 
course  (fig.  150),  and  from  this  their  continuation  has  become  venous,  ending  in  the  sub- 
intestinal  visceral  vein  which  is  a  specialised  derivative  of  the  post-cardiac  ventral  vessel. 
The  modified  remains  of  these  vessels  form  bronchial,  oesophageal,  cceliac,  mesenteric,  and 
vitelline  arteries,  which,  though  originally  paired,  have  for  the  most  part  undergone,  like 
the  longitudinal  trunks,  a  fusion  into  single  median  vessels. 

On  the  development  of  the  muscle-plates  and  somatopleure,  a  parietal  branch  arises  from 
the  dorsal  aorta  in  each  metamsre  for  their  supply,  and  when  the  musculature  differentiates 
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into  dorsal  and  ventral,  this  gives  off  corresponding  dorsal  and  ventral  branches  (fig.  150), 
distributed  to  the  respective  regions  of  each  metamere,  the  sizes  of  these  vessels  being 
proportional  to  the  sizes  of  the  territories  to  be  supplied,  and  to  the  activity  of  metabolism 
therein.  They  are  least  modified  in  the  dorsal  and  lumbar  regions.  From  these  in  the 
pre-cardiac  and  pre-caudal  regions,  the  limb-vessels  arise. 

The  pre-cardiac  aortic  arches  are  five  on  each  side.  The  ventral  aortic  trunk  lies  medially 
in  the  anterior  prolongation  of  the  ccelom,  beyond  which  it  stretches  as  far  as  the  oral  cleft, 
where  it  gives  off  two  branches  on  either  side.  Still  farther  back,  nearer  the  heart,  three 
others  subsequently  arise,  each  passing  into  the  substance  of  a  visceral  arch,  and  ending 
posteriorly  by  joining  the  dorsal  aorta. 

Of  these  arches  (fig.  151)  the  fourth  left  becomes  the  permanent  aorta,  the  fourth  right 
forming  the  arteria  innominata  and  root  of  the  right  subclavian.  The  fifth  left  arch  gives  off 
from  its  base  the  two  pulmonary  arteries  to  the  lungs,  and  is  continued  into  the  dorsal  aorta 
as  the  ductus  arteriosus,  which  becomes  obliterated  at  birth.  The  right  fifth  arch  becomes 
obliterated. 

The  continued  stem  of  the  ventral  aorta  persists  as  the  common  and  external  carotid 
arteries  ;  while  the  third  arch,  with  its  ascending  continuation,  becomes  the  internal  carotid. 
The  second  and  first  arches  have  undergone  very  great  modification,  appearing  as  branches 
of  the  internal  maxillary  artery. 

55.  EMBRYOLOGY    AND    MORPHOLOGY    OF    THE    VENOUS    SYSTEM.— The 

primitive  venous  system  consists  of  (1)  the  pout-cardiac  ventral  stem  receiving  the  blood 
from  the  capillary  retia  of  the  splanchnopleure  :  (2)  the  somatopleural  vessels  returning  the 
blood  from  the  body  wall.  The  longitudinal  trunks  uniting  these  latter  are  called  cardinal 
veins  for  the  post-cardiac  segments,  jugular  veins  for  the  pre-cardiac.  (3)  The  allantoic  veins. 
The  splanchnopleural  vessels  form  a  pair  of  channels,  placed  at  first  sub-intestinally,  but 
these  become  subsequently  united  by  cross  branches  into  a  double  pair  of  loops,  of  which 
ultimately  the  alternate  parts  become  obliterated,  the  left  part  remaining  below  the  intestine. 
Then  the  anastomosis  above  the  intestine  joins  it  to  the  right  trunk,  above  which  union 
the  left  becomes  obliterated  and  the  right  is  continued  as  the  vena  portce  (fig.  152),  which 
breaks  up  into  a  venous  rete  whose  branches  traverse  the  developing  liver,  and,  reuniting, 
communicate  by  their  right  and  left  hepatic  branches  with  the  saccus  venosus. 


a  jut  1  ul an 
duct  of Cuyiet: 
left  uml/.tr. 


seCo  v  clary  unib.  1 ; 
Iiimoblastje.tr, 


allantoic   v. 

Fig.  152. — Diagram  of  arrangement  of  hypoblastic  and  allantoic  veins,  as  seen  from  behind. 
The  word  auricle  is  on  the  saccus  venosus;  the  hypoblastic  vein  lies  in  close  contact 
with  the  intestine;  h,  veins  from  heart  wall.  The  words  right  and  left  prefixed  to  umb. 
v.  should  be  reversed.     The  allantoic  veins  are  represented  as  united  below. 

The  cardinal  and  jugular  veins  unite  on  each  side  into  a  single  trunk,  the  duct  of  Cuvier 
(fig.  152).     These  open,  one  on  each  side,  into  the  saccus  venosus. 

The  allantoic  veins  are  two,  right  and  left  (fig.  135),  which  ascend  on  the  ventral 
wall  of   the  abdomen,  and  pass  above  the  liver  to  end  in  the  sinus  venosus.     Like   the 
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arteries,  the  veins  develope  unilaterally.  The  right  allantoic  vein  is  small  and  soon  atrophies, 
becoming  reduced  to  a  small  parietal  vein.  The  left  umbilical  or  allantoic  vein  at  a  very 
early  period  becomes  connected  by  a  large  secondary  umbilical  vein  below  the  liver  with  the 
splanchnopleural  vein,  and  its  upper  or  supra-hepatic  portion  atrophies  and  disappears. 

An  anastomotic  branch  from  the  splanchnopleural  to  the  right  hepatic  vein  subsequently 
enlarges  and  forms  the  ductus  venosus  Arantii,  completing  the  hepatic  circle  of  veins. 

The  development  of  the  fore-limbs  leads  to  the  superaddition  of  the  subclavian  veins 
on  each  side  (fig.  153,  Sub.),  which  join  the  jugulars  (Jug.),  the  combined  trunks  being  called 
the  right  and  left  superior  vena?  cava?;   and  as  the  unilateral  displacement  of  the  saccus 
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venosus  places  the  leit  superior  vena  cava  at  a  disadvantage,  a  cross  anastomotic  channel 
from  the  left  jugnlar-subclavian  confluence  forms  the  left  vena  innominata  (L.V.I.),  and 
the  vein  on  the  right  side  becomes  subdivided  into  a  right  vena  innominata  above  the 
point  of  union,  and  a  superior  rena  cava  (S.  V.C.),  this  name  being  now  restricted  to  the 
portion  below  the  union.  The  thoracic  portion  of  the  cardinal  veins  diminishes,  that  of  the 
right  for  the  most  part  persisting  as  the  vena  azygos,  that  of  the  left  becoming  broken 
up,  its  upper  part  remaining  as  the  superior  intercostal  vein,  and  its  lower  becoming  the 
hemiazygous  vein.  The  right  Cuvierian  duct  becomes  the  infra-cardinal  part  of  the  superior 
vena  cava,  while  the  left  atrophies,  and  its  remains  form  the  axis  of  the  vestigial  fold,  the 
oblique  auricular  vein,  the  coronary  sinus  (fig.  148,  Cor),  and  other  rudimental  appearances 
on  the  left  side  of  the  heart  to  be  afterwards  described. 

The  development  of  the  lower  extremities  introduces  two  new  appendicular  veins,  which 
ascend  and  unite  on  the  right  side  with  the  inferior  or  abdominal  part  of  the  right  cardinal, 
which  thus  becomes  enormously  enlarged,  and  which  passing  between  the  two  kidneys 
receives  the  blood  from  them.  At  the  upper  part  of  the  abdominal  cavity  a  branch  of  com- 
munication, which  forms  a  short  cut  to  the  sinus  venosus  behind  the  liver,  becomes  dilated 
to  carry  the  blood  of  this  chanuel  into  the  heart,  while  the  continuation  of  the  abdominal 
into  the  thoracic  cardinal  vein  diminishes  to  a  rudiment.  The  dilated  abdominal  part  of 
the  right  cardinal  together  with  the  communication  with  the  sinus  venosus,  and  the  hinder 
part  of  the  sinus  itself  form  hi  the  adult  the  inferior  vena  cava ;  the  abdominal  end  of  the 
left  cardinal  usually  becomes  obliterated. 

56.  FCETAL  CIRCULATION.— In  the  fully  formed  foetus  the  stream  of 
pure  blood  enters  the  body  from  the  placenta  by  the  umbilical  (left  allantoic) 
vein  (fig.  154,  a)  and  ascends  into  the  liver,  passing  partly  through  the  rete 
mirabile  in  that  organ  (/),  partly  by  the  ductus  venosus  (b)  into  the  upper  part 
of  the  inferior  vena  cava  (fig.  141,  Ci),  and  thence  into  the  saccular  part  of  the 
right  auricle.  Thence  it  passes  through  the  foramen  ovale  (the  interval  between 
the  valvula  sinistra  and  the  septum  superius)  into  the  left  auricle,  thence  into 
the  left  ventricle,  and  through  it  into  the  aorta,  and  to  the  vessels  of  the  head, 
neck,  and  upper  extremities.  The  blood  returning  from  thence  by  the  superior 
vena  cava  (fig.  141,  Cs),  enters  the  right  auricle,  and  traverses  it  to  pass  through 
the  auriculo-ventricular  opening  into  the  right  ventricle.  Thence,  ascending 
by  the  pulmonary  artery,  it  passes  through  the  ductus  arteriosus  (fig.  154,  c)  into 
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the1' aorta  below  the  arch,  and  mixing  with  part  of  the  blood  from  the  left  auricle 
supplies  the  lower  portion  of  the  body,  a  large  part  being  conveyed  by  the  two 
allantoic  branches  of  the  internal  iliac  artery  (d)  back  to  the  placenta.     Two 

currents  thus  traverse  the  two  parts  of 
the  right  auricle,  the  first  ascends  in  the 
saccular  portion,  the  second  descends 
in  the  artei'ial  portion,  but  the  degree 
of  intermixture  is  slight,  if  any. 

57.  ADULT  CIRCULATION.— At 

birth,  when  respiration  is  established 
and  the  lungs  dilate,  a  large  stream  of 
blood  for  the  first  time  passes  through 
the  pulmonary  veins  into  the  left 
auricle,  establishing  a  considerable 
degree  of  pressure  on  the  left  side  of 
the  septum,  sufficient  to  press  the 
valvula  sinistra  against  the  opposite 
lip  of  the  foramen  ovale.  The  ascend- 
ing current  from  the  placenta  is  also 
stopped,  so  the  intra-auricular  tension 
on  the  right  side  is  lessened.  In  con- 
sequence of  this  redistribution  of  pres- 
sure all  the  blood  now  entering  the 
right  auricle  passes  through  the 
auriculo-ventricular  opening  into  the 
right  ventricle  ;  and,  as  the  respiratory 
movement  now  established  creates 
during  inspiration  a  pulmonic  negative 
pressure,  this  blood  finds  its  way 
through  the  pulmonary  artery  into 
the  lungs,  in  consequence  of  which 
the  ductus  arteriosus  becomes,  like  the 
foramen  ovale,,  closed.  The  allantoic 
vessels,  whose  occupation  is  gone,  like- 
wise become  obliterated,  and  the  course 
of  the  adult  circulation  is  established  (fig.  134). 

58.  THE  LYMPHATIC  SYSTEM.—The  lymphatic  vessels  are  those  which 
collect  and  return  into  the  circulation  the  extravasated  fluids  poured  out  for 
nutrition,  together  with  some  of  the  derivatives  of  tissue-waste.  These  fluids 
are  at  first  contained  in  the  lymph  paths  (fig.  133)  around  the  connective  tissue 
cells,  and  pass  thence  into  the  fine  lymphatic  vessels  («)  which  are  formed 
by  the  confluence  of  these  paths,  and  which  are  lined  by  flattened  endothelial 
cells  with  zigzag  margins  (fig.  133,  e).  These  vessels  communicate  freely  with 
each  other  in  a  plexiform  manner,  and  by  their  coalescence  form  larger  trunks. 
They  ascend  in  the  interspaces  where  there  is  least  pressure,  usually  along  the 
deep  blood-vessels,  or  with  the  superficial  veins,  or,  in  brain  and  bone,  as 
perivascular  sheaths,  either  outside  the  coats  of  the  vessel  (space  of  His),  or 
irregular  endothelium-lined  cavities  excavated  in  the  adventitia  of  the  arteries 
(space  of  Robin,  fig.  156).  Each  of  the  larger  lymphatic  vessels  consists  of 
three  coats,  like  those  of  a  blood-vessel,  an  outer  or  adventitia,  a  middle  or 
muscular,  and  an  inner  of  elastic  tissue,  lined  by  endothelium.  These  vessels 
are  very  irregular  in  calibre,  and  their  lining  membrane  presents  numerous 
and    closely-set    irregularities,    ring-like    constrictions,    projections,    folds,    or 


Fig.  154.— Diagram  of  the  fcetal  circulation. 
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pouched  valves  like  those  of  veins.  In  the  larger  tubes  these  follow  each 
other  at  short  intervals,  so  that  injected  lymphatics  look  like  strings  of  beads. 
The  chief  communications  of  lymphatics  with   veins   are  at  the  junctions  of 


Fig.   155. — Perivascular  lymph. canal 
— A,   aorta  of  tortoise ;    B,   artery 

from  brain,    showing  the  space  of  Fig.  156.— Lymph  follicles — A,  showing  adenoid  reticulum 
His.  x  350  ;  B,  showing  injected  blood-vessels  x  75. 

the  jugular  and  subclavian  veins  on  each  side,  but  a  few  communications  of 
smaller  size  occur  elsewhere,  as  into  the  internal  iliac  and  posterior  tibial  veins. 

Lymph  Sinuses. — Here  and  there  lymphatic  vessels  are  dilated  into  saccular  cavities; 
-these  are  mostly  small,  the  largest  being  the  great  abdominal  receptaculum  chijli  (§  294). 

Lymphatic  Follicles. — In  the  sub-epithelial  tissue  along  the  digestive 
canal  are  many  patches  of  adenoid  connective  tissue  (hg.  156,  A),  in  whose 
meshes  numerous  lymph  corpuscles  are  entangled,  and  undergo  proliferation. 


Fig.  157. — Solitary  follicle  of  human  small  intestine— a,  cavity  of  follicle;  b,  intestinal 
epithelium  ;  c,  villi ;  d,  mucous  follicle  of  Lieberkuhn ;  e,  muscularis  mucosa? ;  /,  sub- 
mucous tissue. 

The  lymph  paths  of  the  tissue  enclosing  them  freely  communicate  with  the 
neighbouring  lymphatic  vessels.     These  patches  are  called  lymphatic  follicles. 
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They  are  of  four  kinds: — (i)  Diffused  with  ^indefinable  limits;  (2)  definite  patches  of 
minute  size,  abundant  in  the  ileum  and  colon,  and  called  solitary  follicles  (tig.  157);  (3)  groups 
of  follicles  like  the  last,  closely  packed  together  so  as  to  form  a  distinct  patch;  these  are 
most  abundant  in  the  ileum,  and  are  called  Peyer's  glands  ;  (4)  more  clearly  isolated  patches 


Lymphatic  follicles. 
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Adenoid  tissue. 


Mucous  glands.— 
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Lymphatic  follicles. 


■,  Mucous  glands. 


Fig.  158. — Crypt  from  back  of  tongue,  with  cluster  of  lymphatic  follicles. 

of  adenoid  tissue,  within  a  denser  areolar  tissue  capsule,  placed  at  the  bottom  of  small  pouches 
of  mucous  membrane  (rig.  158).  These  occur  either  scattered,  as  on  the  tongue,  or  clustered, 
as  iu  the  tonsil. 

Lymphatic  Glands  are  oval  or  rounded  aggregates  of  definitely  encap- 
sulated follicles,  found  in  the  course  of  large  lymphatic  trunks  and  not 
connected  with  mucous  surfaces.  They  are  variable  in  size,  measurable  by 
millimetres  or  centimetres,  greyish-pink  in  colour,  and  dense  in  consistence. 
Each  is  surrounded  by  a  many-layered  connective  tissue  capsule,  containing 
unstriped  muscle-cells  (fig.  159,  c),  from  which  septal  processes  are  continued 
inwards,  subdividing  the  contained  space  into  communicating  alveoli,  which  are 


a.l. 


Fig.    159. — Scheme  of  a  lymphatic  gland. 

so  many  lymphatic  follicles.  These  septal  processes  are  generally  condensed  at 
some  one  spot,  and  there  become  attached  to  the  surface,  forming  a  hilum. 
Within  this  capsule  is  a  spongy  medullary  mass  of  reticular  tissue  (M),  which 
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projects  into  each  alveolus  as  a  club-like  process  (c),  united  to  the  capsule  and 
septa  by  numerous  filaments  (tr)  which  traverse  the  lymph  paths  (l.s)  that 
intervene  between  the  medullary  mass  and  the  capsule,  and  which  are  clothed 
with  a  layer  of  adenoid  tissue  in  whose  meshes  are  many  leucocytes  (l.h).  With 
this  lymph  path  the  many  afferent  lymphatics  (a. I)  which  enter  the  gland  corn- 


Fig.  160. — Diagram  of  portion  of  lymphatic  gland,  more  highly  magnified — A,  vas  afferens  ; 
B,  lymph  space ;  a,  trabecular ;  f,  process  of  medullary  mass  covered  with  adenoid 
tissue,  x;  o,  condensed  layer  separating  adenoid  tissue  from  lymph  path  ;  b,  blood-vessels. 

municate,  and  from  it  the  fewer  rasa  effermtia  emerge  at  the  other  end  (e.l). 
The  tissue  of  the  septa  and  the  medullary  processes  contain  many  minute 
arteries  and  blood  capillaries. 

Lymphatic  glands  are  found  -wherever  numerous  lymphatics  converge,  or  where  the 
lymph  current  is  apt  to  be  temporarily  arrested  by  the  motions  of  parts.  They  are  small  in  the 
less  vascular  and  more  remote  parts,  becoming  larger  in  the  more  vascular  and  more  central 
regions.  The  meshes  of  the  lymph  paths  are  very  narrow,  so  foreign  particles  which  may 
have  entered  the  peripheral  lymph  patli3  and  through  them  the  lymph  canals  are  usually 
arrested  in  the  glands,  hence  the  glands  at  the  root  of  the  lung  in  those  who  live  in  a  smoky 
atmosphere  are  always  black.  Lymph  corpuscles  are  more  abundant  in  the  vasa  efferentia 
than  in  the  vasa  afferentia.  Lymphatic  glands  are  more  directly  connected  with  the  lymphatics 
of  viscera  and  mucous  surfaces  than  with  those  of  parenchymatous  or  solid  organs. 

The  structure  of  the  spleen,  which  stands  inclose  functional  relationship  to  the  lymphatic 
system,  is  described  in  connection  with  its  topographical  anatomy. 
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59.  THE  SKIN,  the  first  structure  in  the  body  which  presents  itself  to  the 
student,  exposes  a  surface  of  i-6  square  metres,  and  invests  the  whole  body,, 
interrupted  only  at  the  orifices  of  the  eyelids,  nose,  mouth,  anus,  urethra,  and 
vulva,  where  it  becomes  continuous  with  mucous  membrane.  It  consists  of  two 
layers,  a  superficial  or  epidermis  (fig.  161,  b,  d),  and  a  deep  or  eorium  (C). 

,h 
!< 


Fig.  161. — Section  of  skin,  with  hair  follicle  and  sebaceous  and  sudoriparous  glands. 

Epidermis,  the  lineal  descendant  of  the  outer  layer  of  the  epiblast,  consists 
of  stratified  epithelium  moulded  on  the  irregular  surface  of  the  eorium  ;  and 
varies  in  thickness,  according  to  the  amount  of  pressure  to  which  it  is  exposed. 
It  consists  of  five  strata,  three  of  living  cells,  constituting  the  rete  mucosum, 
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and   two    of  superficial    dried  cells ;    these,   from    deep   to  superficial,   are   as 
follows  : — 

i.  Stratum  columnare,  a  layer  of  columnar  prickle  cells  (fig.  47)  moulded 
on  the  basement. 

2.  Stratum  spinosum,  many  rows  of  polyhedral  prickle  cells  around  the 
papillae  of  the  corium  (fig.  162,  R),  containing  between  them  fine  nerve  fila- 
ments (fig.  47,  b),  some  of  which  end  in  processed  cells  (J),  and  also  containing 
wandering  leucocytes. 

3.  Stratum  granulosum,  two  or  three  layers  of  closely-set  fusiform  prickle  cells, 
with  very  narrow  interspaces,  containing  numerous  granules  of  eleidin  (fig.  47). 

4.  Stratum  lucidum,  a  few  layers  of  flattened  horny  cells,  with  indistinct 
borders,  shrivelled  nuclei,  and  semi-transparent  walls,  staining  yellow  with 
picrocarmine. 

5.  Stratum  corneum,  dried  horny  scales,  whose  nuclei  haA"e  almost  or 
entirely  disappeared,  and  whose  surfaces  are  converted  into  keratin  (fig.  162,  E). 
The  4th  and  5th  layers  (fig.  161,  b)  are  sometimes  called  cuticle  to  distinguish 
them  from  the  3rd,  2nd,  and  1st  (d),  which  are  called  rete  mucosum  or  Malpighii. 
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Fig.  162.  —  R,  cells  of  stratum 
spinosum ;  E,  cells  of  stra- 
tum corneum. 


f  iff,  163.  —  1  ftpillsB  < >t  coriuin,  with  injected 
vessels  and  touch  corpuscles,  a. 


Epidermis  grows  hy  the  proliferation  of  pre-existing  cells  of  the  first  and  second  Liyers, 
which  undergo  division,  pushing  to  the  surface  those  which  overlie  them,  which  gradually 
undergo  degeneration  and  dry  as  they  become  superficial.  If  quite  destroyed,  it  is  very 
slowly  reproduced  ;  hence  the  advantage  of  skin-grafting  in  promoting  the  healing  of  idcers 
— i.e.,  laying  on  the  surface  of  a  bare  granulating  corium  or  sub-corial  surface  fragments  of 
the  deep  living  layer  of  epidermis  containing  proliferating  cells  which  act  as  centres  of  skin- 
growth.  The  process  of  epidermal  cell-development  begius  early  in  foetal  life,  and  even 
before  birth  superficial  effete  cells  become  cast  off  into  the  liquor  amnii.  No  vessels  enter 
the  epidermis. 

In  the  deeper  cells  of  the  stratum  spinosum,  pigment  is  developed  iu  certain  regions,  such 
as  the  perineum  and  around  the  nipple,  or  more  generally  in  the  dark  races.  This  pigment 
is  probably  not  originally  found  in  epidermis,  but  transported  thither  in  wandering  pigment 
cells.  The  development  of  eleidin  destroys  the  transparency  of  skin  ;  hence,  where  this 
transformation  does  not  occur,  as  on  the  lips,  the  colour  of  the  vascular  corium  shines 
through. 

In  an  adult  man  surface  scales  are  daily  shed  to  the  amount  of  about  9  grammes. 

60.  CORIUM  (fig.  161,  C),  sometimes  called,  but  incorrectly,  true  skin, 
consists  of  condensed  areolar  tissue,  dense  almost  to  homogeneity  superficially, 
but  becoming  gradually  laxer,  with  widening  meshes,  until  it  merges  without 
any  constant  plane  of  demarcation  into  the  subjacent  connective  tissue;  its  white 
fibres  decreasing  in  numbers,  until  finally  its  substance  becomes  soft  and  fleecy, 
with  its  meshes  filled  with  fat.  In  taking  off  the  skin,  this  loose  tissue  is 
divided  at  the  line  where  cohesion  has  become  sufficiently  slight  to  allow  of  its 
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being  stretched ;  and  the  layer  removed  is  that  whose  felting  is  so  close  that  it 
appears  as  a  single  sheet. 

Oorium  is  arbitrarily  divided  into  two  layers,  a  superficial  or  stratum 
papillare,  and  a  deeper  or  stratum  reticulare.  The  former  is  the  denser, 
in  which  the  component  bundles  of  fibres  break  up  into  their  fibrils,  which  are 
felted  together,  with  flattened  connective  cells  in  their  interspaces.  The 
surface  of  this  layer  is  beset  with  papilla?,  which  are  cylindroidal  processes  from 
•04  to  '2  in  length,  simple  or  branched — either  small,  few,  and  scattered — or 
large  and  regular,  especially  where  the  epidermis  is  thick.  In  each  papilla  are 
looped  vessels ;  in  many  of  them  are  nerve  endings  of  some  sort,  such  as  touch 
corpuscles,  &c.  (fig.  163). 

On  the  surface  of  the  corium  is  a  fine  homogeneous  basement  layer,  not  always  easy  to 
demonstrate.  The  stratum  reticulare  is  looser,  enclosing  small  round  masses  of  fat  (fig. 
161,  a)  in  most  places,  giving  to  its  deep  surface  when  removed  the  aspect  from  which  it  is 
named,  and  its  meshes  gradually  shade  into  those  of  the  subcutaneous  tissue.  In  this  layer, 
smooth  muscle  cells  exist  in  the  perineum,  prepuce,  and  a  few  other  spots ;  through  it  many 
vessels  pass  to  form  a  rich  network  of  loops  in  the  papillary  layer  (fig.  161,  g).  Lymphatics  are 
abundant  in  the  corium,  beginning  as  intercellular  spaces,  which  become  simple  channels  lined 
with  endothelium  (tig.  161,  v).  There  is  a  superficial  finer  plexus  of  lymphatics  in  the  papillary 
layer,  and  a  deeper  larger  plexus  in  the  reticular  layer,  consisting  of  vessels,  many  of  which  have 
valves.  Nerves  traverse  the  reticular  layer,  dividing  into  fibrils,  which  are  distributed  to  the 
papilla?  and  epithelium  beyond  (tig.  47,  n).     Leucocytes  also  wander  in  the  reticular  meshes. 

The  skin  is  usually  tied  by  loose  tissue  to  the  subjacent  parts,  but  in  some  regions  the 
connection  is  closer,  and  the  skin  is  then  disposed  in  permanent  folds.  In  a  few  places 
where  great  mobility  is  advantageous  over  firm  underlying  parts,  subcutaneous  bursse  are 
developed,  as  at  the  angle  of  the  jaw,  beneath  the  chin,  over  the  pomum  Adami,  over  the 
sacrum,  the  olecranon,  patella,  heel,  and  fifth  metatarsal.  Cutis  is  mesoblastic  in  origin  ;  its 
papillae  appear  in  the  fifth  month  of  foetal  life. 

61.  FASCIA. — The  stratum  reticulare  shades  into  a  subjacent  looser  layer,  wherein 
fat  generally  abounds;  this  is  called  superficial  fascia,  and  is  continuous  over  the  whole 
body,  varying  in  texture  according  to  local  condition.  In  it  the  cutaneous  nerves  and  vessels 
branch  before  piercing  the  skin  for  their  final  distribution.  The  deepest  portion  of  this 
tissue  becomes  suddenly  condensed,  laminated,  loses  its  fat  and  most  of  its  elastic  tissue,  and 
becomes  white  and  fibrillar  as  it  invests  the  underlying  muscles.  This  layer  is  called  deep 
faseia.  It  is  attached  to  prominent  crests  of  bone,  sends  processes  of  its  own  substance 
between  muscles  as  intermuscular  septa  (fig.  129,  /),  and  is  generally  moulded  by  pressure 
so  as  to  form  a  close  envelope  of  the  deeper  parts.  As  the  planes  of  this  tissue  direct  the 
course  of  exudations  and  cover  vessels,  they  are  of  great  importance  in  Surgery ;  but  there  is 
no  primary  morphological  distinction  between  this  tissue  and  the  superficial  fascia.  Change 
of  condition,  such  as  the  growth  of  a  tumour,  can  make  the  laxest  of  superficial  fascia  become 
as  firm  as  the  normal  fascia  lata  of  the  thigh. 

62.  HAIRS  grow  upon  a  large  portion  of  the  body  surface — the  palms,  the 
soles,  the  red  lips,  glans  penis,  prepuce,  and  nipjDles  being  the  only  hairless  regions. 
Each  hair  consists  of  a  cylindrical  growth  of  epidermis  (fig.  161,  h)  from  the 
summit  of  a  papilla  (p)  sunk  into  a  follicle,  and  each  is  made  up  of  a  shaft,  or  free 
part,  and  a  bulb,  which  is  the  part  rooted  in  the  hair  follicle.  The  shaft 
consists  of  an  outer  layer  of  imbricated  scales  (fig.  161,  k),  which  are  dried  cells 
whose  nuclei  are  destroyed,  covering  a  cortical  layer  (fig.  161,  h)  which  can  be 
split  up  into  its  component  longitudinally-elongated  cells,  with  rod-like  nuclei 
and  containing  pigment  granules,  and  often  air  spaces.  Within  this,  in  large 
hairs,  is  a  medulla  (fig.  161,  i)  of  rounder  or  irregular  cells,  which  are  not 
pigmented.  The  bulb  is  embedded  in  a  follicle  whose  wall  consists  of  (1)  a 
condensed  layer  of  the  stratum  reticulare  of  the  cutis,  with  longitudinal  fibres 
and  connective  cells  (fig.  164,  a)  lying  upon  (2)  a  modified  extension  of  the 
papillary  layer,  with  transverse,  flattened,  connective  cells  and  a  few  unstriped 
fibres  (c)  ;  (3)  a  homogeneous  basement  layer  internally  (d) — within  these  lie 
the  extensions  of  the  epidermal  layer ;  (4)  the  continuation  of  the  rete 
mucosum,  forming  the  external  root-sheath  of  soft,  opaque  cells  (e) ;  (5)  the 
inner  root-sheath  or  continuation  of  the  stratum  corneum,  which  in  the  middle 
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of  the  follicle  is  laminated,  divided  into  an  outer,  fenestrated,  non-nucleated 
layer  of  flattened  cells  (Henles)  (/),  a  middle  of  polygonal  nucleated  cells 
{Huxley  s)  (g),  and  an  inner  or  cuticle  of  the  root-sheath  (h). 

At  the  bottom  of  each  follicle  is  a  vascular 
dermal  papilla  (fig.  165,  c),  on  whose  summit  sits 
the  base  of  the  hair-bulb  whose  tissue  is  continuous 
at  each  side  with  the  epidermal  elements  of  the 
root-sheath,  which  here  are  not  distinctly  lamin- 
ated. Lamination  is  also  obscure  at  the  neck  of 
the  follicle,  beyond  which  layers  2,  3,  5,  and  6  are 
not  traceable  as  separate  lamella?. 

Into  the  dermal  wall  of  the  follicle  passes  a 
band  of  smooth  muscle  (fig.  161,  A),  the  erector 
pili,  which  arises  from  the  cutis  near  the  follicle. 
Every  hair  follicle  is  placed  obliquely  to  the  sur- 
face, and  each  erector  pili  lies  on  the  side  of  the 
follicle,  which  makes  an  obtuse  angle  with  the  sur- 
face. These  by  their  contraction  can  make  the  hairs 
move  and  the  whole  follicle  to  rise  as  a  papilla, 
as  in  the  condition  of  goose  skin  produced  by  the 
sudden  application  of  cold.  In  the  angle  between 
each  muscle  and  its  follicle  lies  an  acinous  fat- 
secreting  gland  or  sebaceous  follicle  (fig.  i6i,T). 
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Fig.  164. — Transverse  section  of 
a  hair  (I)  in  its  follicle;  b,  blood- 
vessels. 


Fach  hair  is  firm,  hard,  and  hygroscopic.  A  head  hair 
can  bear  without  rupture  a  weight  of  60  grammes  ;  a  beard 
hair  72  grammes.      When  weighted,  it  can  be  stretched 

for  30  per  cent,  of  its  length,  and  will  resile  12  per  cent.  Hairs  are  not  easily  decomposed  or 
destroyed  by  maceration.  Dry  hair  is  a  bad  conductor  of  heat  and  electricity,  and  hence 
it  crackles  when  being  combed  in  a  dry  or  frosty  atmosphere. 

The  follicles  dip  for  depths  varying  with  the  strength  of  the  hair,  and  their  direction  is 
constant  in  each  part  of  the  body.  The  hairs  have,  therefore,  a  definite  direction  in  each 
part.  The  local  peculiarities  of  pelage  will  be  considered  with  each  region.  There  are  over 
one-third  of  a  million  of  hairs  on  the  surface  of  the  human  skin. 

Hairs  appear  in  the  fcetus  during  the  third  month  as  dark  points  of 
thickened  epidermis,  projecting  inwards  into  the  corium,  which  they  indent 
(fig.  166,  B),  forming  embryonic  follicles,  and  becoming  surrounded  by  a  homo- 
geneous dermal  sheath  (D,  F) ;  into  the  bottom  of  this  embryonic  follicle  a 
papilla  of  the  corium  rises  and  projects.  The  long  cells  clothing  the  apex  of 
this  papilla  (HK)  become  consolidated  into  a  conical  cap,  which  burrows  to  the 
surface  through  the  superficial  cuticle  as  the  young  hair.  The  hair  clothing 
is  well  developed  over  most  of  the  body  by  the  end  of  the  seventh  month. 
These  foetal  hairs  (lanugo)  are  shed  soon  after  birth,  and  replaced  by  the 
permanent  pelage.  A  hair  generally  lives  two  to  four  years.  "When  each  hair 
attains  a  definite  growth  it  becomes  freed  from  the  summit  of  the  papilla  (fig. 
165,  I)  but  retains  its  connection  with  the  root-sheath  (k).  In  this  condition 
it  may  continue  for  a  considerable  time;  but  often  a  new  hair  (k)  grows  on  the 
summit  of  the  old  papilla,  and  emerges  beside  the  old  one,  or  displaces  it.  Not 
uncommonly  a  second  papilla  grows  in  the  old  follicle,  causing  atrophy  of  the 
first  papilla. 

Sebaceous  Glands  are  simple  acinous  glands  opening  singly  or  in  pairs  into 
the  funnel-shaped  mouth  of  each  hair  follicle  (figs.  161,  T|  167,  e).  Occasionally, 
when  the  lanugo  is  shed,  the  gland  persists  while  the  hair  follicle  atrophies, 
leaving  in  the  adult  a  gland  without  a  hair.  They  vary  in  size  and  complexity 
in  different  regions,  and  sometimes  become  specialised  as  in  the  mammary 
gland.     Over  the  whole  surface  there  are  over  650,000  sebaceous  glands. 
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SWEAT    GLANDS. 


Sudoriparous  or  Sweat  Glands  are  tubular  follicles,  beginning  as  a 
blind  tube,  which  is  coiled  into  a  round  glomerulus,  and  from  which  a  duct 
passes  to  the  surface ;  this  duct  is  straight  where  it  passes  through  the  corium, 
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Fig.  165. — Young  hair  replacing  an 
older;  layers  are  as  in  tig.  164. 


Fig.  166. — Stages  of  development  of  a  hair — 
Sc,  stratum  corneum  ;  SM,  stratum  nvuco- 
sum ;  C,  cutis ;  CZ,  cells  of  young  hair : 
Dr,  developing  sebaceous  gland. 


but  spiral  as  it  traverses  the  epidermis  (fig.  161,  k).  In  its  coiled  part  the 
tube  is  wide,  with  a  lining  composed  of  one  layer  of  radially  striated  cylinder 
or  pyriform  gland-epithelium,  covered  by  an  investment  of  smooth  muscle  lying 
superficial  to  the  basement  layer,  and  possibly  epiblastic  in  origin.  The  duct 
portions  of  the  tube  are  lined  by  two  or  three  layers  of  flatfish  epithelium,  the 
innermost  layers  of  which  have  a  distinct  cuticular  surface  towards  the  lumen. 
Each  duct  always  passes  between  the  papilla?,  and  is  deprived  of  proper  walls 
in  its  epidermal  portion,  opening  by  a  funnel-shaped  mouth  (fig.  154,  b).  Sweat 
glands  are  absent  on  the  gians  penis,  prepuce,  and  prolabium  ;  but  they  are 
present  elsewhere.  In  the  skin  of  an  adult  man  it  is  estimated  that  there  are 
two  and  a  half  millions  of  these  glands,  having  an  estimated  secreting  surface 
of  1,080  square  metres.     A  dense  arterial  plexus  surrounds  each  glomerulus. 

Sweat  glands  appear  in  the  fifth  month  of  foetal  life  as  club-like  processes 
of  epidermis  (e),  dipping  into  the  corium,  and  becoming  bent  at  their  extremity. 
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A  lumen  developes  in  the  coiled  portion  (d)  before  any  appearance  of  a  duct 
canal  (e,  f)  can  be  seen. 


Fig.  167. — Branched  sebaceous  gland 
with  fine  hair,  f;  a  b,  epithelium  ; 
c,  fatty  secretion  ;  d,  acini. 


Fig.  168. — Development  of  sweat  glands 
— a,  stratum  corneum ;  b,  stratum 
mucosum. 


Mucous  membrane,  which  will  be  examined  in  connection  with  the  digestive 
canal,  is  an  internal  prolongation  of  the  skin,  and,  mutatis  mutandis,  is  similar 
in  structure. 
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DESCRIPTIVE   ANATOMY. 


THE   SKELETON. 

63.  The  adult  skeleton  consists  of  2 14  bones,  united  together  by  cartilages 
and  ligaments.     These  may  be  conveniently  arranged  in  two  series  : — 


B. 


I.  Bones  of  the  Axial 

Skeleton. 

Of  Head,     . 

(a)  Cranial,     . 

8 

(b)  Facial, 

15 

(c)   Auricular, 

6 

Of  Trunk,  . 

(d)  Vertebrae, 

26 

(e)    Ribs, 

24 

(f)  Sternum,  . 

1 

Total, 


29 


5i 


80 


II.  Bones  of  the  Appendicular 
Skeleton. 

0.   Upper  limbs, 

(g)  Shoulder  girdles,  4 
(h)  Arms  and  forearms,  6 
(i)    Hands,         .  .58 

D.  Lower  limbs, 

(J)  Pelvic  girdle, 

(k)  Thighs  and  legs, 

(I)    Feet,  .  .  .     56 


68 


66 


Total, 


134 


These  separate  bones  are  not  morphologically  equivalent.  Some  which  are 
single  in  man  represent  groups  of  separate  elements  in  other  animals ;  thus 
the  sphenoid  of  the  human  skull  is  composed  of  ten,  the  occipital  of  four 
elements,  and  as  these  two  bones  unite  into  one  at  twenty-one  years  of  age,  so 
this  unit  of  the  mature  skull  really  represents  fourteen  bones  which  are  separate 
in  the  skulls  of  many  lower  vertebrates. 

The  student  should  always  keep  the  bone  whose  description  he  is  reading  before  him,  and 
verify  each  fact  as  he  reads. 

64.  VERTEBRAE. — The  human  spinal  column  consists  of  thirty-three  verte- 
brae, the  upper  twenty -four  of  which  are  called  true,  as  they  remain  separate 
during  life;  while  the  lower  nine  are  called  false,  because  they  become  con- 
solidated in  the  adult  into  two  masses.  The  four  lowest,  or  caudal  vertebra?, 
are  rudimental,  and  ankylose  together  to  form  the  COCCyx,  and  the  five  above 
these  unite  to  form  the  sacrum. 

The  seven  uppermost  true  vertebrae  are  cervical  (fig.  169,  C),  and  make  the 
skeleton  of  the  neck;  the  topmost  articulating  with  the  skull  above:  the  twelve 
succeeding  are  dorsal  and  bear  movable  ribs  (ib.,  D)\  the  five  remaining  are 
called  lumbaP  (ib.,  L),  the  lowest  of  which  articulates  below  with  the  sacrum. 

Each  vertebra  consists  of  a  body,  arch,  and  processes.  The  body  (fig. 
170,  1)  is  a  disc  of  cancellous  bone,  whose  upper  and  lower  surfaces  are  joined 
to  its  predecessor  and  successor  by  soft  intervertebral  fibro-cartilage  (fig.  172,  3), 
so  that  the  whole  series  builds  up  a  flexible  column  of  support  for  the  trunk. 
Each  body  is  transversely  convex  and  vertically  concave  in  front  (tig.  171), 
but  flat  or  transversely  concave  behind,  where  it  is  pierced  by  one  or  two  large 
holes  for  the  exit  of  vertebral  veins. 


The  cancelli  are  orthogonal,  the  vertical  or  pressure  planes  being  the  stronger,  and  the 
meshes  contain  red  marrow  in  young  and  adolescent  bones. 


PARTS    OF    A   VERTEBRA. 


The  arch,  which  consists  chiefly  of  compact 
bone,  is  attached  to  the  dorsal  surface  of  each 
body,  and  bounds  the  spinal  foramen  (fig.  170,  8). 
The  whole  chain  of  arches,  with  their  intervening 
ligaments,  make,  with  the  backs  of  the  bodies, 
the  wall  of  the  sinned  or  neural  canal,  which  con- 
tains the  spinal  marrow. 

The  area  of  this  canal  varies  at  different  levels,  being 
greatest  in  the  regions  of  greatest  mobility,  as  'will  be  seen 
in  the  subjoined  table. 

380  sq.  mm.  at  2nd  Cervical. 
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,,  2nd  Dorsal. 

,,  6th  Dorsal. 

,,  5th  Lumbar. 

,,  3rd  Sacral. 

From  the  convex  surface  of  the  arch  nine 
processes  project,  whereof  five  are  for  the  attach- 
ment of  muscles  and  ligaments,  and  four  for 
purposes  of  articulation.  Of  the  former,  the 
Spinous  process  (fig.  170,  3)  is  single,  projecting 
backwards  towards  the  surface  in  the  middle 
line. 

The  column  of  spinous  processes  collectively  forms  a 
projecting  row  palpable  through  the  skin  of  the  back,  and 
hence,  by  synecdoche,  the  whole  backbone  is  sometimes 
called  the  "spine."  Each  spinous  process  presents  two 
lateral  ridges  each  ending  in  a  tubercle,  and  a  median 
ridge  ending  in  a  central  tuberosity. 

Two   transverse    processes  for  muscular 

attachments  (fig.  170,  2)  arise  from  the  arch  on  each 
side  and  project  outwards.  Internal  to  these  the 
arch  thickens  into  an  articular  mass,  from  which 
four  articular  processes  project,  two  upwards 
(ib.,  4),  and  two  downwards  (fig.  171,  8),  to  join 
correlative  processes  of  the  neighbouring  ver- 
tebra\  That  part  of  the  arch  between  the  spine 
and  articular  processes,  on  each  side,  is  flat  and 
rough-eclged,  and  is  called  the  lamina,  Avhile  that 
between  the  articular  process  and  the  body  is 
rounded,  grooved  above  and  below,  and  is  called 
the  pedicle.  The  spaces  between  the  successive 
pedicles  (fig.  172,  4),  bounded  by  the  lower  grooves 
of  the  pedicles  above  and  the  upper  grooves  of 
the  pedicles  below,  are  called  the  intervertebral 
foramina.  Through  these  the  spinal  nerves 
escape,  and  the  lateral  spinal  arteries  enter  the 
spinal  canal.  The  spaces  between  the  lamina?  of 
successive  vertebrae  are  closed  by  elastic  ligaments, 
for  the  attachment  of  which  there  are  rough  linear 
areas  on  each  lamina,  above  and  below.  The  line 
of  attachment  of  the  arch  to  the  body  of  each 
vertebra  is  the  neuro-central  line. 

At  the  root  of  the  lamina?  behind  the  articular 
processes,  there  is  usually  a  rough  area  for  muscular 
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Fig.  169. — Vertebral  column, 
side  view. 
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attachment,  which,  when  well-defined,  is  named  the  tuberosity  (fig.  173,  6). 
To  the  side  of  the  body  close  to  the  base  of  the  pedicle  of  each  vertebra,  a 


Fig.  170. — Sixth  dorsal  verte- 
bra, seen  from  above. 


Fis 


171.  — Side  view  of  fifth 
dorsal  vertebra. 


COStal  process  (fig.  183,  2)  is  appended  on  each  side.  These  are  small,  and 
continuously  ossified  to  the  vertebra,  except  in  the  dorsal  region,  where  they 
are  long,  and  become  early  segmented  off,  forming  the  ribs. 

Each  vertebra  thus  consists  of  sixteen  parts—  a  body,  two  pedicles,  two  laminae,  a  spinous 
process,  two  transverse  processes,  four  articulars,  two  tuberosities,  and  two  costal  processes. 

The  vertebra?  of  each  region  present  dis- 
tinctive characters,  best  marked  in  the  middle 
vertebras  of  the  region,  while  those  that  join 
contiguous  series  become  assimilated  to  their 
neighbours,  and  hence  are  called  .passage 
vertebrae. 


Every  vertebra  in  the  column  has 
its  distinguishing  features,  but  in  each 
region  there  are  some  vertebra?  which 
are  strikingly  aberrant  in  form  and 
easily  recognisable. 


65.  CERVICAL  VERTEBRA.— 

These,  although  the  smallest  and  den- 
sest, have  the  widest  spinal  canal 
(fig.  173).  The  bodies  are  transversely 
elongated,  and  appear  transversely  con- 
cave above,  owing  to  the  upward  pro- 
jection of  the  neuro-central  lip  on  the 
base  of  the  pedicle  at  each  side  (fig. 
1 74,  n).    The  upper  surface  has  a  raised 

t     hinder  and   a  depressed  anterior  lip, 

i<ig.    172. — Sagittal  section  through   the  2nd,    ,     ,    jn      ,  r„  f 

3rd,  and  4th  lumbar  vertebras,  a  little  to  the   but  tne  lower  surface  is  transversely 

right  of  the  median  plane.  convex  and  sagittally  concave,  with  a 

drooping  fore-lip.  On  each  side  of  the 
body  is  the  COStO-transVerse  foramen  for  the  transmission  of  the  vertebral 
artery  (figs.  173,  5;  174,  v),  bounded  in  front  by  the  costal  process,  behind 
by  the  articular  mass,  externally  by  the  costo-transverse  lamella  (fig.  174,  c.tl) 
and  internally  by  the  pedicle.  The  rounded  and  thick  pedicle  projects  back- 
wards and  outwards  from  the  body  to  the  articular  mass,  deeply  notched  for 
the  spinal  nerves  above  and  below,  and  bearing  along  the  upper  side  of  its 
base  the  sagittally  raised  neuro-central  lip  (fig.  174,  n). 

The  articular  mass,  on  each  side  is  cylindroidal,  with  an  ovate,  flat  upper 
articular  surface  (fig.  173,  4),  directed  backwards  and  upwards,  and  a  lower, 
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directed  downwards  and  forwards.  The  lamince  are  narrow,  and  imbricate  each 
other;  the  spine  (ib.,  3)  is  depressed,  usually  bifid,  and  the  transverse  processes 
project  outwards  from  the  outer  side  of  the  pedicle,  in  front  of  the  articular 
mass,  and  each  ends  externally  in  a  tubercle  (ib.,  2).     From  its  anterior  surface 


Tuberosity, 
tr.pr. 


Fig.  173. — Fifth  cervical 
vertebra. 


J     N.C.Suture.        » 
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Fig.  174. — Scheme  of  a  cervical  vertebra. 


a  costo-transverse  lamella  (fig.  174,  c.tl),  concave  upwards,  projects  forwards  to 
join  the  back  of  the  costal  process,  closing  the  costo-transverse  foramen  ex- 
ternally.    The  costal  process  is  thin,  ending  externally  in  a  tubercle. 

In  each  cervical  body  the  sagittal  is  to  the  transverse  diameter  of  the  body  as  2:3. 
The  posterior  surface  is  vertically  longer  and  on  a  level  a  little  higher  than  the  anterior,  and 
its  two  venous  holes  are  separated  by  a  vertical  ridge  of  bone.  The  anterior  surface  presents 
a  median  flattened  ligamentous  area,  two  lateral  muscular  depressions,  and  at  each  side  of 
its  lower  lip  a  lateral  inferior  tubercle.  The  spinal  forameu  is  heart-shaped,  widest  between 
the  articular  masses,  wider  on  the  lower  than  on  the  upper  aspect  of  the  vertebra,  owing  to 
the  splay  of  the  lamina;,  gradually  enlarging  from  the  second  to  the  fifth,  aud  diminishing 
from  the  fifth  to  the  seventh.  The  two  laminae  meet  at  an  angle  of  about  900.  On  the  back 
of  the  lower  part  of  the  articular  mass  is  the  tuberosity  (6),  largest  on  the  fifth,  rudimentary 
on  the  third. 


Spine. 


Upper  articular 

process. 


Costal  pr. 


Arterial 
canal. 

Fig.  175. — Seventh  cervical  vertebra,  top  and  side  views. 

The  median  ridge  of  the  spinous  process  is  very  strong  on  the  second,  weaker  on  the  others. 
On  each  side  the  diverging  lateral  ridges  are  elongated  into  spurs  for  muscular  and  tendinous 
attachment.  Those  of  the  sixth  are  shortest,  though  on  a  longer  single  base,  those  of  the  fifth 
the  most  divergent.  The  costal  process  starts  from  the  front  of  the  pedicle,  external  to  the 
neuro-central  lip,  and  its  upper  border  lies  on  a  plane  above  that  of  the  body. 


The  costal 
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process  of  the  sixth  lias  the  Largest  tubercle,  and  as  this  projects  behind  the  carotid  artery, 
it  is  called  the  carotid  tubercle. 

The  costo -transverse  foramen  is  small  in  the  seventh,  and  only  contains  the  accessory 
vertebral  vein,  while  the  vertebral  artery  traverses  the  upper  six.  The  transverse  processes 
are  sharp-edged  above,  continuous  into  the  costo-transverse  lamellae  below,  and  they  form 
the  hinder  boundaries  of  the  neural  grooves  which  pass  behind  the  vertebral  arteries. 
When  the  vertebra  is  viewed  on  its  front  surface  the  transverse  processes  project  beyond  the 
outer  level  of  the  articular  masses,  but  the  costal  processes  do  not. 

The  peculiar  cervical  vertebrae  are  the  first,  second,  and  seventh,  but  each  of  the  others  has 
distinguishing,  though  less  conspicuous,  features.  Thus  in  the  third  the  costal  tubercle  is 
above  the  plane  of  the  transverse  process,  and  the  costo-transverse  lamella  is  oblique  ;  in  the 
fourth  the  costal  process  is  vertically  longer,  and  its  lower  edge  is  nearly  as  low  as  the  bottom 
of  the  transverse  tubercle,  though  the  lamella  is  still  oblique.  In  the  fifth  and  sixth  they  are 
nearly  on  the  same  level,  but  the  intervening  neural  groove  is  much  wider  in  the  latter. 

66.  VERTEBRA  PROMINENS.—  The  seventh  cervical  vertebra  (fig.  175) 
has  the  longest  spine,  which,  although  possessing  lateral  tubercles,  is  not  bifid, 
and  can  be  felt  projecting  at  the  root  of  the  neck.  The  costo-transverse  foramen 
is  very  small,  with  a  weak  costal  process,  generally  showing  only  a  rudimental 
tubercle,  and  giving  attachment  to  no  muscle.  In  rare  cases  it  is  large  and 
segmented  off,  forming  a  cervical  rib.  The  transverse  process  is  large,  with  an 
irregular  tubercle,  and  the  lower  surface  of  the  body  occasionally  articulates 
with  the  first  rib. 

67.  ATLAS. — The  first  and  second  vertebrae  are  modified  to  allow  the  head 
to  move  as  freely  as  is  consistent  with  the  safety  of  the  spinal  cord..     The  first 

Spine. 

m:  Artie, 
sulcus. 

Transr.  m: 


Costalpr. 
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Fig.  177. — Scheme  of  atlas — x,  line  of  escape  of  nerve; 
Artie,  marks  the  spot  where  in  other  vertebra?  the 
articular  mass  is  placed. 

vertebra  or  atlas  presents  above  two  lateral  concavities  with  which  the  condyles 
of  the  occipital  bone  articulate  (fig.  176,  2),  permitting  a  nodding  or  fore-and-aft 
motion  of  the  head.  The  first  vertebra  can  rotate  in  a  horizontal  plane  on  the 
second  as  upon  a  pivot,  carrying  the  head  with  it. 

The  atlas  is  reduced  to  a  ring  of  two  arches  and  two  lateral  masses,  and  its 
body  (fig.  177)  has  become  separated  from  its  ai*ch,  and  ankylosed  to  the  summit 
of  the  body  of  the  second  vertebra  or  axis  (fig.  179)  to  form  the  odontoid  process. 
It  is  the  widest  transversely  of  the  cervical  vertebra?.  Its  anterior  arch  (3-4), 
which  is  one-fifth  of  the  entire  ring,  is  vertically  flattened,  presenting  in  front  a 
tubercle,  and  posteriorly  a  concave  articular  facet  (5)  for  the  odontoid  process 
which  lies  behind  it.  The  posterior  arch  (7)  is  thinner,  but  twice  as  long  as 
the  anterior,  and  forms  an  even  parabolic  curve,  undivided  into  pedicles  and 
laminae.  It  bears  no  spinous  process,  as  any  such  projection  would  interfere 
Avith  its  rotation  on  the  axis  ;  but  it  has  instead  a  rough  posterior  tubercle  (8). 
The  upper  surface  of  this  arch  is  grooved  on  each  side  where  it  joins  the 
articular  mass  (sinus  atlantis)  for  the  third  stage  of  the  vertebral  artery  (12). 

Each  lateral  mass  presents  on  its  upper  surface  an  irregular  articular  hollow, 


176. — Upper  surface  of  atlas 
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diverging  behind  from  its  fellow,  with  a  sharp,  raised,  outer  edge,  to  receive 
the  occipital  condyle  (2). 

Facing  the  neural  canal  on  its  inner  side  is  an  internal  tuberosity  (i-i') 
giving  attachment  to  the  transverse  ligament  (fig.  177),  which  divides  the 
hollow  of  the  ring  into  two  parts — a  smaller  anterior  for  the  odontoid  process 
(fig.  176,  6),  a  larger  hinder  for  the  spinal  marrow  (7). 

On  the  lower  surface  of  the  lateral  mass  is  an  ovoid  flat  facet  for  articulation 
with  the  axis. 

The  atlas  has  no  articular  processes  compar- 
able with  those  of  other  vertebrae,  as  the  grooves 
for  the  spinal  nerves  lie  behind  the  lateral  mass. 
Each  transverse  process  starts  from  the  root  of 
the  posterior  arch,  close  to  the  back  of  the  lateral 
mass,  and  passes  forwards  and  outwards,  jutting 
out  farther  than  that  of  any  other  cervical  verte- 
bra, and  ending  in  an  obliquely-placed  tubercle. 
The  costal  process  (10)  is  shorter,  with  a  rudi- 
mentary tubercle.  „.         „       ...  . 

The  body  of  the  atlas  having  slipped  from  the  °"   yentral  surface  ' 

neuro-central  sutures,  the  dilated  bases  of  the 

combined  costal  processes  and  pedicles  are  united  in  front  by  a  pre-central 
band,  the  anterior  arch,  which  first  appears  in  the  embryo  as  a  band  of  meso- 
blast,  and  subsequently  becomes  cartilaginous  and  ossifies  from  a  single  centre. 

The  upper  articular  area  is  composed  of  two  confluent  facets,  an  anterior 
(c.v.a.)  on  the  inner  end  of  the  costal  process  looking  upwards,  backwards,  and 
inwards,  with  a  sharp,  high  anterior  lip.  The  posterior  facet  (peel,  a.)  is  also 
concave,  and  looks  upwards,  inwards,  and  often  a  little  forwards,  having  the 
highest  point  of  its  lip  posterior  and  external,  at  the  point  of  greatest  diver- 
gence from  its  fellow. 

The  internal  tuberosity  is  divided  into  two  parts,  an  anterior  on  the  base  of 
the  costal  process  to  which  the  conjugal  or  transverse  ligament  is  attached  (<?), 
and  a  posterior  («)  ;  between  these  a  branch  of  the  vertebral  artery  and  a  vein 
enter  the  bone.  The  long  transverse  process  gives  leverage  to  the  rotator 
muscles  attached  to  it,  and  lies  below  the  mastoid  process.  The  suboccipital 
nerve  lies  in  the  sinus  atlantis,  beneath  the  artery,  its  anterior  branch  passing 
over  the  front  of  the  costal  process.  The  inferior  articular  surface  (fig.  178,  5), 
like  the  upper,  is  preneural  (x)  and  in  series  with  the  costo-vertebral  joints; 
it  is  slightly  concave,  and  but  for  a  little  knob  at  its  inner  surface  would,  with 
its  fellow,  form  two  symmetrical  areas  on  the  surface  of  a  sphere  3  cm.  in  radius. 

68.  AXIS. — The  second  cervical  vertebra  or  axis  is  the  thickest  and 
strongest  of  the  bones  of  this  region,  and  bears  the  ankylosed  body  of  the 
atlas  as  the  odontoid  process  (fig.  179)-  This  articulates  in  front  with 
the  arch  of  the  atlas,  behind  with  the  transverse  ligament,  which  prevents  it 
from  pressing  on  the  spinal  marrow.  The  upper  articular  processes  are  pre- 
neural, the  lower  (fig.  178,  7)  resemble  those  of  the  succeeding  vertebrae,  but  are 
directed  a  little  outwards,  as  well  as  forwards  and  downwards.  The  costal 
process  (6)  is  thick  at  its  base,  but  has  a  rudimental  tuberosity,  and  the 
transverse  process  starts  between  the  upper  and  lower  articular  processes. 
The  spinous  process  is  strong,  with  a  prominent  median  ridge,  but  with 
depressed  and  short  lateral  tubercles. 

The  tip  of  the  odontoid  process  (fig.  178,  9)  is  pointed  for  the  suspensory 
ligament ;  below  this  it  is  laterally  flattened  into  an  oblique  surface  on  each 
side  for  the  occipito-odontoid  ligaments.  The  atlantic  facet  occupies  the  upper 
two-thirds  of  the  front,  that  for  the  transverse  ligament  the  lower  half  of  the 
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back  of  the  process.  The  canal  for  the  vertebral  artery  is  so  curved  that  the 
plane  of  the  outer  border  of  the  lower  opening,  if  prolonged  upwards,  lies 
internal  to  the  inner  border  of  the  upper  opening.  The  laminae  are  stronger 
than  those  of  any  other  cervical  vertebra. 


Groove  for 
transu.  ligt. 


Median  ridge 
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Fig.  1 79.  — Axis,  seen  from  behind,  and  on  its  right  side. 

69.  DORSAL  VERTEBRAE.— Each  dorsal  vertebra  (fig.  170)  bears  on  the 
upper  and  outer  part  of  each  side  of  its  body  a  cartilage-clad  facet  (5)  with 
which  a  movable  l'ib  articulates.  The  typical  dorsal  vertebra  has  a  long 
decurrent  triquetrous  spinous  process  (fig.  171,  3),  whose  median  and  lateral 
ridges  converge  to  one  terminal  tubercle.  The  transverse  processes  (2)  are 
strong,  directed  outwards  and  backwards,  having  in  front  an  articular  con- 
cavity for  the  tubercle  of  the  rib,  and  behind  a  rough  tuberosity  for  muscular 
attachment.  The  spinal  foramen  (fig.  180)  is  circular,  smaller  than  in  the  cervi- 
cal  or  lumbar  vertebrae,  and  the   articular  processes  are  nearly  vertical  and 

flat,  the  upper  (4)  directed 
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backwards  and  a  little 
outwards,  the  lower  (8) 
forwards  and  a  little  in- 
wards. The  bodies  are 
somewhat  triangular  with 
flat  upper  and  lower  sur- 
faces, curved  sides  and 
rounded  angles,  nearly  as 
long  sagittally  as  trans- 
versely, and  higher  behind 
than  in  front,  increasing 
in  size  from  above  down- 
wards. The  upper  nine 
bear  small  accessory  costal 
facets  on  the  lower  mar- 
gins of  the  bodies,  below 
the  primary  costal  facets 

(fig.  171,  7).     The  pedicles  have  deep  neural  notches  below  (9),  but  scarcely  any 

trace  of  a  superior  notch. 

The  increase  in  size  of  the  body  is  due  to  its  growth  forwards,  the  pedicles 

becoming  posterior,  not  lateral,  hence  the   neuro-central  lips  of  the  pedicles, 

instead  of  being  lateral  and  sagittal  as  in  the  cervical,  become  posterior  and 
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Fig.  180. — Scheme  of  a  dorsal  vertebra. 
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nearly  transverse.     The  venous  foramen  is  generally  single,  and  the  anterior 
surface  of  the  body^is  concave  from  above  downwards,  with  rough  prominent  rims. 
The  relation  of  the  vertebrae  and  ribs  may  be  represented  by  the  following 
scheme : — 
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The  spines  increase  in  obliquity  to  the  seventh,  and  from  thence  diminish 
to  the  eleventh,  or  anticlinal  vertebra,  whose  wedge-shaped  spine  is 
horizontally  directed  backwards  (fig.  181).  The  tip  of  the  spine  of  the  sixth 
is  on  the  level  of  the  upper  surface  of  the  body  of  the  eighth. 

The  peculiar  dorsals  are  the  first,  second,  ninth,  tenth,  eleventh,  and 
twelfth.  The  first  is  a  passage  vertebra,  resembling  the  cervical  in  its  trans- 
versely elongated  body  and  foramen,  oblique  upper  articular  processes,  pro- 
minent neuro-central  lips,  inferior  tubercles  on  the  body.  It  has  a  complete 
costal  facet  above,  and  a  large  tuberosity,  from  which  a  horizontal  ridge  runs 
beneath  the  upper  articular  process  to  the  top  of  the  lamina.  The  second 
dorsal  has  also  a  transversely  elongated  body,  and  distinct  neuro-central  lip, 
and  the  plane  of  the  upper  surface  of  its  body  bisects  its  pedicles  which  are  on 
a  higher  level.  From  the  third  to  the  eighth  the  vertebrae  are  conformable  to 
type.  The  ninth  has  a  costal  facet  above  on  its  pedicle,  but  no  accessory  facet 
below  on  its  body,  and  the  costo-transverse  facet  is  on  the  upper  surface  of  the 
transverse  process.  The  tenth  (fig.  181)  has  a  single  costal  facet  at  its  upper 
border,  and  a  small  facet  on  the  upper  surface  of  the  transverse  process.  The 
eleventh  has  a  single  facet  on  its  pedicle,  nearer  its  upper  than  its  lower 
surface,  and  none  on  the  transverse  process  (fig.  181).  The  twelfth  has  its 
costal  facet  near  the  bottom  of  its  pedicle,  its  transverse  process  is  trifid,  the 
tuberosity  (mammillary  process)  being  large  and  the  anterior  surface  elongated 
into  a  basi-costal. process,  while  the  real  transverse  process  points- downwards. 
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The   lower   articular   process 
and  outwards  like  that  of  a 


is   transversely 
lumbar  vertebra. 

Costo- 

transverse 

facet. 


Tripartite 
transverse  process. 

Accessory  process. 


Subcostal  ridge 
on  pedicle. 

Fig.  1S1. — The  tenth,  eleventh,  and  twelfth  dorsal  vertebroe- 
left  side  view. 


convex  and  directed  forwards 
The  bodies  of  the  three  lowest 
dorsals  have  become 
transversely  elongated, 
and  the  costal  facets 
are  distinctly  behind 
the  neuro  -  central 
sutui'e. 

The  body  of  the 
fourth,  seen  from  the 
front,  appears  the  small- 
est, but  is  really  not  so, 
the  appearance  being- 
due  to  its  peculiar  wedge 
shape. 

70.  THE  LUMBAR 
VERTEBRA    are    the 

largest,  and  have  a 
triangular  spinal  canal, 
and  transversely  elon- 
gated bodies  (fig.  183,1), 
whose  upper  and  lower 
surfaces  are  flat(fig.  1 7  2), 
the  spinous  processes 
(3)  are  quadrate  and 
rough-edged  behind  and 
below,  projecting  hori- 
zontally back  wards,  con- 


sisting chiefly  of  an  exaggerated  middle  ridge,  but  with  rough  lateral  tubercles 

backwards  and  inwards,  and 
are  concave  transversely,  but 


below.     The   upper   articular   processes  (4)  look 

Spine. 


,V°C 


uherositu. 


ransv-process. 


Costal  process. 


appear  more  hollowed  than 
they  really  are  on  account 
of  the  projection  of  the  mam- 
millary  processes,  (tuberosi- 
ties) at  their  outer  edge. 
The  lower  are  very  slightly 
convex  and  pointed  below, 
and  look  forwards  and  out- 
wards (7).  The  laminae  are 
rough,  deep,  and  narrow ; 
the  long  thin  costal  processes 
(fig.  182,  2)  project  on  each 
side  from  the  pedicles  ;  and 
the  tuberosities  (mammil- 
lary  processes)  are  rounded 
knobs  on  the  outer  margin 
of  the  upper  articular  pro- 
cesses (4).  The  transverse 
processes  (5)  are  narrow 
pointed     rudimental     spurs 

(accessory  processes) 

below  and  external  to  these,  between  the  costal  process  and  the  tuberosity. 

Each  of  the  five  lumbar  vertebra  exhibits  gradational  peculiarities.     The  first  has  the 


Neuro-central 
suture. 


Scheme  of  a  lumbar  vei'tebra:  preaxiai  surface. 
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most  distinct  transverse  processes  and  tuberosit}7,  the  smallest  costal  process,  and  the 
narrowest  pedicle  (tig.  169).  The  fifth  is  a  passage  vertebra,  with  a  wedge-shaped  body,  a 
thick,  rough  costal  process,  widely  divaricated  inferior 
articular  processes  (nearly  as  far  apart  as  the  superior), 
and  a  smaller  round-edged  spine.  The  second,  third, 
and  fourth  can  be  distinguished  by  the  gradually 
widening  pedicles,  the  diminishing  mammiliary  pro- 
cesses, and  the  increase  in  body-width  and  divarication 
of  the  lower  articular  surfaces. 

In  each  lumbar  vertebra  there  is  a  rough  ridge  from 
the  tuberosity  to  the  back  of  the  inferior  articular 
process,  where  it  enlarges  into  a  second  roughness.  At 
the  base  of  each  pedicle  is  a  large  vascular  hole  for  a 
branch  of  the  lumbar  artery,  to  nourish  the  arch;  those 
for  nutrition  of  the  body  enter  at  each  side. 

The  costal  process  consists  of  two  parts,  a  basal  and 
a  terminal,  which  differ  in  thickness,  and  are  often 
separated  by  a  superficial  groove. 


— Second  lumbar  verte- 
right  side  view. 


Mammiliary. 
Costal. 


Spine. 


Accessory.     Inf.  artic. 
Fig.  183  b. — Fourth  lumbar  vertebra,  left  side. 

The  following  table  exhibits  the  characters  of  each  part  of  the  vertebrae  of  each  series 


Cervical. 

Dorsal. 

Lumbar. 

Bodies. 
Pedicles. 

Lamina. 
Spines. 

Broadest           trans- 
versely.   Surfaces 
concave.     No  cos- 
tal facets. 

With    neuro-central 
lips    lateral,    and 
sagittally  placed, 
notched  below  and 
above. 

Long,  thin,  flattened. 

Bifid,         depressed, 
with  weak  median 
ridge  and  diverg- 
ing lateral  tuber- 
cles. 

Xearly  equal  trans- 
versely and  sagit- 
tally.        Surfaces 
flat.  Costal  facets. 

Xciiro-central     lips 
rudimental,  poste- 
rior   transversely 
placed,      notched 
below. 

Short,         vertically 
elongated. 

Long,        decurrent, 
imbricating    with 
single  terminal  tu- 
bercle and  strong 
median  ridge. 

Broadest          trans- 
versely.   Surfaces 
Hat.       No    costal 
facets. 

No        neuro-central 
lips.         Deeply 
notched  below. 

Short,  rough,  verti- 
tically  elongated. 

Quadrate,     directed 
backwards,    hori- 
zontally,   reduced 
to  a  median  ridge. 

io8 
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Cervical. 

Dorsal. 

Lumbar. 

Costal  Pro- 
cesses. 

Flat,    slender,    con- 
tinuously  ossified 
to  vertebra,  form- 
ing   front     boun- 
dary of  foramen. 

A     detached     bone 
(rib). 

Continuously     ossi- 
fied   to   vertebra, 
fiat  and  thin. 

Transverse 
Processes. 

Directed    forwards, 
forming          outer 
boundary  of  fora- 
men— joined       to 
costal  process  by 
bony  lamella. 

Directed  backwards, 
articulating    with 
rib  by  ligaments. 

A   rudimental   spur 
(accessory       pro- 
cess). 

Tuberosities. 

Sessile  on  back  of  in- 
ferior      articular 
process. 

On   back   of    trans- 
verse process,  and 
inseparable    from 
it. 

A  knob  outside  the 
upper       articular 
process  (mammil- 
lary  process). 

Spinal  Fora- 
mina. 

Triangular,    elonga- 
ted transversely. 

Circular. 

Triangular,    elonga- 
ted transversely. 

Upper  Arti- 
cular Pro- 
cesses. 

Flat,  directed  back- 
wards    and     up- 
wards. 

Flat,  backwards  and 
outwards. 

Concave       trans- 
versely,        back- 
wards    and      in- 
wards. 

Lower  Arti- 
cular Pro- 
cesses. 

Flat,    directed    for- 
wards and  down- 
wards. 

Flat,   forwards   and 
inwards. 

Convex,       forwards 
and  outwards. 

Axes     of    articular 
surfaces     slightly 
converge      down- 
wards    and     for- 
wards. 

Cut  edges  of  articular 
surfaces    horizon- 
tally divided  coin- 
cide with  arcs  of  a 
circle  whose  centre 
is  situated  at  an- 
terior lip  of  body 
in  middle  line. 

Cut  edges  of  articular 
surfaces    horizon- 
tally divided  coin- 
cide with  arcs  of  a 
circle  whose  centre 
is  at  root  of  spinous 
process. 

71.  SACRUM. — The  five  sacral  vertebrae  are  united  in  the  adult  into  a 
curved  triangular  bone  of  spongy  texture,  upon  the  sides  of  which  the  pelvic 
girdle  abuts,  and  which  forms  the  hinder  wall  of  the  pelvic  cavity.  In  the 
Upright  body  the  sacrum  lies  obliquely,  Avith  its  upper  surface  directed  forwards 
and  upwards,  so  that  a  horizontal  plane  continued  backwards  from  the  anterior 
margin  will  cut  the  spine  of  the  second  sacral  vertebra. 

The  sacrum  presents  an  anterior  and  a  posterior  surface,  two  lateral  margins, 
a  base  and  an  apex.  The  anterior  surface  (fig.  184)  is  smooth  and  concave, 
slightly  from  side  to  side,  strongly  from  above  downwards,  and  is  directed 
downwards  and  forwards.  It  presents  medially  the  flat  faces  of  the  bodies  of 
the  component  vertebrae  separated  by  four  transverse  ridges,  the  ossified  inter- 
vertebral discs  (fig.  184,  4).  These  bodies  diminish  slightly  in  width  from 
above  downwards;  the  upper  two  are  of  equal  height  (30  mm.):  the  lower  three 
are  not  so  high,  but  are  nearly  equal  to  each  other  (20  mm.). 

At  the  outer  extremity  of  each  intervertebral  line  on  each  side  is  a  round 
hole  (5)  for  the  exit  of  the  anterior  branches  of  the  sacral  nerves.  These 
anterior  sacral  foramina  form  a  vertical  row  on  each  side,  separated  from 
each  other  by  the  wide  costal  processes  wMch_unite  externally  to  the  foramina, 
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into  a  continuous  lateral  mass  (3)  grooved  anteriorly  for  each  sacral  nerve, 
and  rough  around  the  second,  third,  and  fourth  for  the  origin  of  the  piriformis 
muscle. 

The   base   presents   medially  an    elliptical   intervertebral    surface   for   the 
lumbo-sacral  disc  (1),  behind  which  is  the  triangular  spinal  canal  (fig.  185,  10), 


Fig.  184. — Sacrum,  ventral  surface. 


Fig.  185. — Sacrum,  dorsal  surface. 


having  on  each  side  the  flat  superior  articular  process  (2)  whose  facet  is  directed 
upwards,  backwards,  and  inwards,  with  a  rudimental  tuberosity  at  its  outer 
side.  The  prominent  anterior  edge  of  the  upper  surface  of  the  body  of  the  first 
sacral  vertebra  is  called  the  promontory  of  the  sacrum,  and  forms  the  posterior 
part  of  the  brim  of  the  pelvis. 

In  front  of  the  articular  process  the  intervertebral  groove  crosses  the  neck 
of  the  pedicle  (fig.  186,  Fi)  and  divides  into  two  parts,  one  going  forwards  to  the 
side  of  the  body  (Fsa),  the  other  backwards  between  the  ai"ticular  process  and 
the  lateral  mass  (Fsp). 


Fsa 


Fig. 


Pjisp  Pas  Fsp  Pts 

sacral 


[86. — Upper   surface   of   second 
vertebra,  the  first  removed. 


Fig.  187. — Horizontal  section  of  first  sacral, 
showing  the  costal  portiou,  C,  abutting 
on  the  body,  B.  N,  neurocentral  suture; 
S,  spine ;  L,  lamina ;  T,  transverse  process. 


The  large  lateral  mass  as  seen  from  the  base  is  called  the  ala,  and  presents 
a  rough  surface  above,  convex  sagittally,  flat  or  concave  transversely,  whose 
longest  margin  is  its  outer. 

The  apex  of  the  sacrum  (8)  is  the  ellipsoidal  lower  surface  of  the  fifth  sacral 
vertebra,  which  is  joined  to  the  first  coccygeal  by  an  intervertebral  disk. 

The  posterior  surface  (fig.  185)  is  rough  and  convex,  having  in  the  middle 
line  the  spines  of  the  three  or  four  upper  sacral  vertebra?  (4)  often  united  into  a 
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vertical  ridge  by  ossified  ligaments.  On  each  side  are  the  lamina?,  united  by 
ossified  interlaminar  ligaments.  Those  of  the  fifth  vertebra  are  always,  those 
of  the  fourth  usually,  incomplete  behind  (9),  the  gap  in  the  hinder  wall  of  the 
spinal  canal  (hiatus  saeralis)  being  closed  by  ligaments.  The  articular 
masses  are  ankylosed  into  a  series  of  rough  knobs ;  those  of  the  fifth  sacral 
vertebra  project  downwards,  and  form  the  COrnua  sacralia.  Outside  these 
articular  processes  are  the  posterior  sacral  foramina  (5),  which  form  two 
slightly  converging  rows.  These  are  smaller  than,  nearly  opposite  to,  and 
communicate  with,  the  anterior  foramina,  and  emit  the  posterior  sacral  nerves. 

The  intervertebral  canals  in  the  sacrum  pass  singly  out  on  each  side  from 
the  spinal  canal,  and  bifurcating,  end  at  these  two  sets  of  foramina  (fig.  186). 
Outside  these  are  the  transverse  and  costal  processes  consolidated  into  the  lateral 
mass  (7),  which  here  exhibits  four  irregular  oblique  ridges  separated  by  four 
shallow  irregular  pits  for  muscular  origins.  The  uppermost  of  these  muscular 
pits  is  much  the  deepest. 

The  lateral  edge  of  the  sacrum  consists  of  two  parts,  an  articular  above,  and 
a  non-articular  below,  the  former  or  auricular  facet  (6)  unites  by  synchondrosis 
with  the  ilium,  and  occupies  the  side  of  the  first  and  second  and  a  small  part  of 
the  third  vertebra.  This  surface  is  very  irregular,  and  dovetails  so  with  the 
auricular  surface  of  the  ilium,  that  while  about  one-third  of  its  surface  widens 
forwards  and  so  resists  displacement  backwards,  the  remaining  two-thirds 
of  its  area  is  wider  behind,  and  so  rests  on  the  ilium  and  cannot  be  thrust 
forwards. 

The  lateral  margin  below  the  auricular  facet  is  divisible  into  two  parts : — 
1st,  The  lateral  tuberosity,  the  rough  border  of  the  lateral  mass  of  the  third 
and  fourth  sacral  vertebrae,  to  which  the  sacro-sciatic  ligaments  are  attached ; 
2nd,  the  sharp  upper  edge  of  the  lateral  process  of  the  fifth  sacral,  which 
forms,  with  the  tuberosity,  an  inferior  lateral  angle,  and  passes  inwards  to 
the  side  of  the  body  of  the  last  vertebra.  Around  this  border  passes  the  fifth 
sacral  nerve. 

The  sacrum,  as  a  whole,  articulates  with  four  bones,  the  two  hip  bones,  the  coccyx,  and 
the  last  lumbar  vertebra,  and  gives  origin  to  live  pairs  of  muscles  and  twenty  ligaments. 

The  sacrum  bears  the  weight  of  the  upper  part  of  the  body,  and  transmits 
it  to  the  ilia  which  rest  on  the  thighs.  The  method  of  transmission  is  twofold, 
the  bone  from  its  shape  serves  as  a  key-stone  for  the  pelvic  arch  ;  while  on  the 
other  hand,  even  when  the  articular  surfaces  are  partly  chiselled  away,  the  bone 
is  so  firmly  slung  by  the  strong  posterior  sacro-iliac  ligaments,  that  the  fixity  of 
the  pelvic  arch  is  preserved. 

The  ala?  in  consequence  have  a  very  hard  shell  of  compact  tissue,  and  the 
transverse  or  traction  planes  of  the  cancelli  are  thick  and  definite,  though  the 
cancellous  meshes  are  wide,  especially  below. 

The  so-called  first  sacral  represents  the  sixth  lumbar  vertebra  of  most 
quadrupeds,  which  has  become  assimilated,  owing  to  the  upward  growth  of  the 
pelvic  bones  correlated  with  the  upright  position.  This  should  be  taken  into 
account  in  comparing  the  numerical  relations  of  the  human  vertebra?  with  those 
of  mammals.  The  fourth  and  fifth  sacral  vertebra?  represent  the  first  and  second 
caudal  vertebra?  of  mammals,  the  two  real  sacral  vertebra?  being  the  second  and 
third.  The  varying  conditions  of  the  lumbo-sacral  passage-region,  especially  in 
the  lower  races  of  man,  depend  on  these  changes.  Fig.  187  shows  that  in  the 
first  sacral  vertebra  the  costal  process  abuts  on  the  body,  but  on  the  third  it 
is  separated  by  the  base  of  the  arch.  The  costal  process  of  the  third  sacral 
vertebra  is  usually  thin  and  sharp-edged  on  the  ventral  surface. 

The  normal  adult  male  sacrum  is  about  105  mm.  high  and  about  117  broad, 
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the  female  about   101   high  and  118  broad;  these  relations  are  represented  by 

the  sacral  index Sacra,  such  as  those  of  Europeans,  in  which 

height  r 

this  index  exceeds  ioo,  are  called  platyMeric,  those  under  ioo  are  dolickohieric, 

as  in  most  of  the  black  races.     The  sacral  index  of  British  males  is  about  112*4, 

of  females  116.     The  varieties  of  width  depend  on  the  width  of  the  lateral  mass, 

not  on  that  of  the  body.     As  a  rule,  all  females  are  platyliieric. 

72.   COCCYX. — The  caudal  vertebrae  are  represented  by  rudimental  bodies 

without  arches,  which  in  the  adult  ultimately  fuse  into  a  single  bone.     The  first 

is  transversely  elongated,  with  an  elliptical  upper  facet  (fig.  188,  1)  united  by 

fibro-cartilage    to    the   fifth   sacral  vertebra,   having  a  stumpy   costal   process 

jutting  out  at  each  side  (3),  and  a  cornu   or  pedicle  projecting  upwards  and 

tied  by  fibrous  tissue  to  the  cornu  of  the  sacrum.     In  the  second,  these  are 

represented  by  two  little  knobs,  the  third  is  an  irregular  bony  nodule,  and  the 


Fig.  188. — Coccyx,  ventral  surface.  Fig.  189. — Coccyx,  dorsal  view. 

fourth  is  still  more  irregular,  being  an  ossification,  not  in  one  vertebral  body, 
but  in  a  fibro-cartilaginous  knob,  formed  by  the  union  of  the  rudimental  bodies 
of  the  four  hindmost  vertebrte  of  the  human  tail.  The  coccyx,  as  a  whole,  is 
triangular,  concave  in  front,  continuing  the  curve  of  the  sacrum,  crossed  by 
three  lines  of  intervertebral  ankylosis;  the  posterior  surface  (fig.  189)  is  convex 
and  the  edges  rough,  presenting  three  notches.  The  apex  (2)  is  generally 
nodose,  the  fourth  element  exceeding  the  third  in  bulk. 

The  coccyx  articulates  only  with  the  sacrum,  and  gives  attachment  to  three 
pairs  of  muscles  and  three  pairs  of  ligaments. 

\  \  73.  DEVELOPMENT  OF  THE  AXIAL  SKELETON  OF  THE  TRUNK.— The  first 
skeletal  structure  which  appears  in  the  embryo  is  the  notochord  and  the  mesoblastic  sheath 


m,  r.i: 


Fig.  190. — Scheme  of  vertebral 
bodies  forming  around  the 
notochord — li.,  fibrous  sheath. 


Fig.  191. — Scheme  of  early  de- 
velopment of  a  dorsal  vertebra 
— n,  notochord  ;  p,  pedicle ;  t, 
transverse  process  ;  c,  rib. 


around  it  which  cleaves  into  protovertebrae.     When  these  have  undergone  the  secondary 
division  already  described  (§§9,  n),  the  tissue  which  makes  up  the  resulting  secondary 
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vertebra3  becomes  cartilaginous  and  forms  a  segmented  axis  (fig.  190,  n),  consisting  of  a  series 
of  thirty-six  short  cartilaginous  bodies  (b),  extending  as  a  column  from  the  head  downwards, 
through  which  the  notochord  (w)  extends  to  the  very  end;  two  small  mesoblastic  rudiments 
of  vertebra;  appear  behind  these  at  the  extremity  of  the  notochord,  but  never  chondrify. 
There  are  thus  traces  of  thirty-eight  vertebra  in  the  primitive  column. 

From  the  sheath  of  the  notochord  a  continuous  posl-neural  lamella  projects  backwards  on 
each  side  to  unite  with  its  fellow  in  the  median  line,  forming  an  unsegmented  sheath  for  the 
entire  length  of  the  neural  canal  {membrana  reunions  superior — fig.  191,  vi.r.s).  In  this 
membrane  two  small  rods  of  cartilage  form  and  (fig.  191,  /)  project  backwards,  one  on  each 
side  from  each  cartilaginous  vertebral  body,  and  ultimately  meet  in  the  medio-dorsal  line. 
These  confluent  rods  make  the  cartilaginous  neural  arches  of  the  vertebra,  and  at  the  end 
of  the  fourth  week  the  vertebral  column  consists  of  a  row  of  twenty-eight  gristly  vertebra, 
each  consisting  of  a  body  and  a  neural  arch.  The  first  arches  to  chondrify  are  those  of  the 
third  vertebra,  the  last  are  those  of  the  twenty-eighth;  the  twenty-ninth  to  the  thirty-second 
consist  only  of  bodies  and  never  develope  arches ;  the  thirty-third  to  the  thirty-sixth  atrophy 
and  fuse  into  a  terminal  piece,  while  the  two  hindmost  never  chondrify  at  all. 

From  the  ventrolateral  side  of  the  sheath  of  the  notochord  a  thin  mesoblastic  lamella 
extends  outwards,  to  be  lost  in  the  base  of  the  somatopleure.  On  the  level  of  the  preaxial 
surface  of  each  vertebral  body,  a  slender  cartilaginous  strip,  at  first  continuous  with  the 
vertebra,  appears  in  this  membrane  about  the  fifth  week,  directed  outwards  towards  the 
ventral  wall,  and  varying  much  in  length  in  the  different  regions  of  the  body ;  these  are  the 
costal  processes  (fig.  191,  c). 

Ossification. — The  first  trace  of  ossification  in  the  axial  skeleton  appears  about  the 
thirty-eighth  day  on  each  side  of  the  neural  arch  of  the  first  vertebra,  and  during  the  follow- 
ing week  the  arches  of  the  vertebra  below  begin  to  ossify  in  successive  order. 

These  lateral  ossifications  come  in  contact  medio-dorsally,  and  begin  to  unite  in  the  dorsal 
region  in  the  seventh  month  after  birth.  Ossification  begins  in  the  body  of  the  nineteenth 
vertebra  about  the  forty-ninth  day,  by  two  closely  approximated   centres  which   speedily 


Fig.  192. — Young  dorsal 
vertebra. 
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Fig.  193. — Scheme  of  ossification  of 
lumbar  vertebra,  showing  the  centres 
for  the  extremities  of  the  costal,  mara- 
millary  and  spinous  processes. 


coalesce.  The  vertebra  ossify  successively  upwards  and  downwards  from  this  region,  but  in 
the  vertebra  above  this  level  the  centres  are  usually  single,  the  lateral  nuclei  having  coalesced 
into  one  bi-lobed  mass,  while  in  those  below  they  are  double.  In  the  upper  vertebra 
ossification  proceeds  more  rapidly  in  the  arches  than  in  the  bodies,  and  consequently  the 
sides  of  the  cartilaginous  bodies  are  ossified  on  each  side  from  the  bases  of  the  arches,  so  that 
the  line  of  junction  of  the  bony  body  and  arch  (neuro- central  suture)  encroaches  on  the  body 
(tig.  192,  4).  This  suture  disappears  by  synostosis,  that  in  the  third  vertebra  ossifying  first 
in  the  third  year,  while  that  of  the  fourth  lumbar  becomes  closed  last,  about  the  sixth  year. 
The  primary  costal  facet  of  each  dorsal  vertebra  is  behind  the  neuro-central  suture. 

About  the  sixth  week,  while  the  neural  arch  is  yet  cartilaginous,  a  thickening  appears  in 
the  middle  of  each  of  its  lateral  halves.  These  enlargements  (articular  masses)  extend 
upwards  and  downwards  so  as  to  come  in  contact  with  the  corresponding  parts  of  the  arches 
of  contiguous  vertebra,  and  their  surfaces  form  the  articular  processes.  It  is  in  this  region 
that  the  ossification  of  the  arch  begins.  The  lateral  half-arches  of  cartilage  unite  medio- 
dorsally  about  the  fourteenth  week,  and  from  the  hinder  surface  of  the  arch  so  formed  the 
spinous  process  projects  backwards,  preformed  in  cartilage.  The  whole  of  each  side  of  the 
neural  arch,  including  the  articular  mass,  is  ossified  from  a  single  centre,  but  in  the  swollen 
end  of  each  spinous  process  a  secondary  centre  usually  arises  (fig.  193).     In  a  few  vertebra, 


OSSIFICATION    OF    ATLAS    AND    AXIS.  I  i  3 

especially  the  twentieth,  twenty-first,  and  twenty-second,  a  second  ossifying  centve  appears  at 
the  base  of  the  spine. 

In  the  early  stages  of  their  development,  as  the  cartilaginous  bodies  increase  in  size,  the 
included  portion  of  the  notochord  atrophies  (fig.  190,  n),  and  by  the  sixteenth  week  has 
become  lost  in  the  tissue  of  the  vertebra.  A  part  of  the  embryonic  chord-sheath  (/>)  remains 
unchondrified  between  each  of  the  vertebral  bodies,  and  becomes  modified  into  the  pulpy 
nucleus  of  the  intervertebral  substance.  Part  of  the  post-neural  lamella  also  survives  between 
the  successive  neural  arches,  forming  the  primitive  ligaments  of  this  region. 

The  transverse  processes  are  outgrowths  of  the  cartilage  on  each  side  of  each  neural  arch, 
behind  the  rib  and  articular  processes.  They  subsequently  ossify  from  independent  centres, 
and  vary  in  size  in  the  different  regions.  On  the  surfaces  of  the  mammillary  processes  of  the 
lumbar  vertebra  independent  osseous  crusts  form. 

The  latest  secondary  centres  of  ossification  to  appear  for  each  vertebra  are  two  thin 
irregular  marginal  rims,  very  imperfect  and  irregular  rudiments  of  the  epiphysary  plates 
of  other  mammals,  one  on  the  upper  and  one  on  the  lower  surface  of  each  vertebral  body. 
They  appear  first  in  the  lumbar  region  in  the  seventeenth  year,  consolidating  in  the  twenty- 
fifth  year. 

The  proportional  length  of  the  vertebral  column  to  the  stature  varies  at  different  ages. 

At    3    weeks  (fcetal)  the  spine  is  to  the  stature  as  3  :  4 

>!     5        )>  >>  >'  >'  3  •  5 

,,     6  „  ,,  3:6 

»   15         ,,  „  »  ,.3:7 

>j   !"        >j  >)  )>  >>  3  •  7'3 

„   25  ,,  ,,  ,,  „  3  :  7'I 

„     7*4  months  ,,  ,,  „  3:7 

„     9  »  „  >>  3  :  6-8 

In  the  adult  ,,  ,,  3  :  7'5 

The  atlas  ossifies  from  three  primary  nuclei ;  one  appears  on  each  side  of  the  posterior 
arch  at  the  back  of  the  lateral  mass  about  the  forty-ninth  clay  ;  from  these  the  hinder  arch 
and  the  greater  part  of  the  articular  portion  develope.     Ossification  begins  in  the  anterior 
arch  by  a  single  nucleus  iu  the  first  year  (fig.  194,  3). 
The  lateral  nuclei  unite  posteriorly  in  the  third  year, 
and  the  anterior  arch  consolidates  in  the  sixth  year. 

The  axis  presents  the  usual  body -centre  (fig.  195,  B) 
appearing  in  the  twentieth  week,  the  arch  centres 
appearing  about  the  eighth  week,  and  the  centres  for 
the  spinous  and  transverse  processes  about  the  seven- 
teenth year.  Besides  these  there  are  two  lateral  cen- 
tres for  the  odontoid  process,  beginning  at  the  twenty- 
fifth  week,  and  uniting  into  a  bi-lobed  mass  in  the 
thirty-third  week  (OD).  An  apical  centre,  the  upper 
epiphysial  lamella  of  the  atlas  (AP),  arises  early  in 

the  second  year  and  consolidates  in  the  fourth.     The       p[„    lg,i Atlas  of  child  eighteen 

odontoid  becomes  ossified   to   the  body  of  the   axis  months  old. 

during  the  third  year. 

The  intervertebral  space  (IV.)  between  these  united  bodies  never  completely  obliterates, 
and  a  small  cartilaginous  trace  always  remains,  containing  the  first  nucleus  pulpoSUS. 
Rudiments  of  the  upper  epiphysial  lamella  of  the  axis  and  the  lower  lamella  of  the  atlas 
may  appear  in  this  space  about  the  twelfth  or  thirteenth  year  (EP.  1  and  EP.  2). 

Each  sacral  vertebra  has  three  primary  centres,  one  for  the  body,  double  in  the  first  and 
second,  single  in  the  others,  and  oue  for  each  side  of  the  arch.  The  former  appear,  the  first 
in  the  eighth  week,  the  second  in  the  ninth,  the  third  in  the  tenth,  the  fourth  in  the 
fourth  month,  and  fifth  in  the  fifth.  The  first  laminae  begin  to  ossify  in  the  fifth  month,  the 
second  in  the  sixth,  the  third  and  fourth  in  the  eighth.  The  laminae  of  the  third  and  fourth 
join  the  bodies  in  the  third  and  fourth  years  respectively,  those  of  the  second  in  the  fourth, 
those  of  the  first  in  the  sixth  year.  In  the  four  upper  sacral  vertebrae  the  costal  portions 
of  the  lateral  masses  ossify  from  distinct  centres,  appearing  at  the  outer  border  of  the 
foramina  in  the  seventh  and  ninth  months  (fig.  196,  2);  these  solidify  with  the  bodies  in  the 
fourteenth  year.  About  the  fifteenth  year  epiphysial  plates  appear  for  all  the  vertebras  (7), 
and  in  the  eighteenth  year  separate  epiphysial  laminae  form  on  each  side  for  the  auricular 
facet  (S)  and  for  the  tuberosity  (9).  Consolidation  of  the  sacral  vertebrae  begins  at  fifteen  by 
the  fusion  of  the  costal  processes,  followed  by  union  of  the  arches  and  bodies.  The  bones 
unite  from  below  upwards,  and  the  union  is  completed  by  twenty-six."  There  are  altogether 
thirty-seven  centres  for  the  sacrum,  five  for  the  bodies,  and  ten  for  the  epiphysial  lamella?,  five 
pairs  for  the  arches,  four  pairs  for  the  costal  processes,  and  two  pairs  of  marginal  epiphyses. 
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The  coccyx  ossifies  from  four  centres,  the  first  appearing  about  four  months  after  birth, 
the  second  in  the  fifth  year,  the  third  in  the  ninth  year,  the  fourth  about  the  sixteenth  year. 
Ossification  in  the.se  hones  is  a  full  year  later  in  females  than  in  males.  The  second  and 
third  ankylose  together  about  twenty-five,  the  fourth  unites  about  thirty,  the  first  about 
forty.     Ankylosis  with  the  sacrum  takes  place  later. 

The  rates  of  growth  of  the  different  regions  of  the  vertebral  column  vary  at  different  ages 
and  jireseut  many  individual  variations.    The  following  table  of  percentages  illustrates  this  :  — 

Cervical.  Dorsal.  Lumbosacral. 

In  a  foetus  of    85  mm.  (12  weeks),         .         .         24-5  47  28-5 

,,         ,,       130  mm.  (15       ,,     ),         .  24  50  26 

,,         ,,       160  mm.  (18       ,,     ),         .         .         26-5  57-5  26-0 

In  a  newborn  infant,       .... 
In  a  girl  of  seven  years,  . 

In  an  adult  male,   .         .         .         .         . 
In  an  adult  female,  . 

74.   RIBS. — The  twelve  pairs  of  dorsal  costal  processes  remain  as  separate 

arched,  bones,  extending 
-ap.  from  the  vertebral  column 
into  the  body  wall  and 
bounding  the  cavity  of  the 
thorax  (fig.  197).  Each 
rib  originates  as  a  strip  of 
cartilage,  which  for  the 
most  part  ossifies  ectos- 
teally,  but  its  ventral  ex- 
tremity remains  perman- 
ently as  gristle,  so  each 
rib  consists  of  a  bony  and 
a  cartilaginous  segment. 

The  seven  uppermost 
pairs  of  ribs  unite  medio- 
ventrally  with  the  ster- 
num, and  are  called  true 
ribs ;  the  five  lower, 
which  do  not  join  the 
sternum,  are  called  falSG.  Of  these  the  cartilages  of  the  upper  three  turn 
upwards  to  join  the  under  borders  of  their  respective  predecessors.  The  two 
lowermost  are  called  floating"  ribs  (n  and  12),  as  their  ventral  ends  are  free  in 

the   muscle    of    the    body 
wall. 

The  head  (fig.  1 98,  Cpt) 

of  each  rib  shows  a  carti- 
lage-covered facet  on  its 
extremity.  In  all  but  the 
1st,  10th,  nth,  and  12th, 
this  is  divided  into  two  by 
a  transverse  ridge  (crista 
Capituli— C  Cpt),the  lower 
or  pi'imary  facet  being  the 
larger,  to  articulate  with 
the  vertebra  which  corres- 
ponds to  the  rib  in  number; 
the  upper  or  secondary  facet 
being  smaller,  to  articulate 
The  single  facets  on  the  four  above-named  ribs  are 


Fig.  195. — Vertical  coronal  section  through  axis,  ±agram- 
matised  from  two  specimens — the  odontoid  from  one  of 
three  and  a  half  years ;  the  intervertebral  space  from 
one  of  fourteen  years. 


-Ossification  of  the  sacrum — at  five  months 
birth,  and  at  twenty-two  years. 


at 


with'the  vertebra  above 

in  seines  with  the  lower  facets  on  the  others. 


inns. 
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Joining  the  head  and  body  is  a  flattened  neck,  which  presents  a  sharp  ridge 
directed  upwards  (crista  colli  superior — fig.  198,  CCs),  a  smooth  front,  and 
a  very  rough  back. 

Where  the  neck  joins  the  body  a  tubercle  (fig-  200)  projects  backwards 
and  downwards,  bearing  an  articular  surface, 
which  rests  on  the  transverse  process  of  the 
vertebra  corresponding  to  the  rib  in  number. 
The  two  floating  ribs  have  no  tubercles,  that  of 
the  10th  is  rudimentary,  with  no  articular  sur- 
face, that  of  the  9th  has  a  very  small,  irregular 
surface,  that  of  the  first  is  directed  backwards. 

The  body  is  a  thin,  curved  band  of  bone, 
with  a  concave,  smooth  surface  directed  inwards, 
and  a  convex,  rougher  outer  surface,  a  roundish 
edge  directed  upwards,  and  a  grooA'ed  border, 
with  a  sharp  external  edge  directed  downwards 
(fig.  198,  Sci);  the  groove  accommodating  the 
intercostal  vessels  and  nerve.  A  short  distance 
from  the  neck  its  shaft  is  suddenly  bent  forwards, 
making  the  angle,  the  hinder  surface  of  which 
is  rough  for  the  attachment  of  the  ilio-costalis 
tendon.  The  anterior  end  of  the  body  is  broader, 
thinner,  porous,  and  hollowed  to  receive  the  end 
of  the  costal  cartilage. 

The  ribs  are  curved  around  two  axes.  Be- 
sides the  main  curve  around  the  vertical  axis, 
there  is  a  secondary  curve  around  a  trans- 
verse axis ;  this  increases  from  above  down- 
wards, causing  an  increased  obliquity  in  the 
ribs. 

No  rib  lies  in  a  horizontal  plane,  and  hence 
"truly  horizontal  sections  through  the  thorax  cut 
the  ribs  obliquely.  A  section  through  the  middle 
of  the  1st  dorsal  vertebra  cuts  the  neck  of  the  1st 
rib  at  each  side ;  through  the  upper  part  of  the 
Ilnd  cuts  the  angle  of  the  1st  and  the  neck  of  the 
2nd;  through  the  Tllrd  cuts  the  cartilage  of  the 
1st,  the  body  of  the  2nd,  the  neck  and  tubercle  of 
the  3rd;  through  the  IYth  (tig.  185)  the  top  of 
the  head  of  the  5  th  and  successive  parts  of  the 
4th,  3rd,  and  2nd ;  through  the  Yth,  the  6th, 
5th,  4th,  3rd ;  through  the  Vlth,  the  7th,  6th, 
5th,  4th ;  through  the  Vllth,  the  8th,  7th,  6th, 
5th,  and  4th  ;  through  the  VUIth,  the  9th,  8th, 
7th,  6th,  5th,  and  4th;  through  the  IXth,  the  9th,  8th,  7th,  6th,  and  5th; 
through  the  Xth,  the  10th,  9th,  8th,  7th,  6th;  through  the  Xlth,  the  nth, 
10th,  9th,  8th;  and  finally  through  the  Xllth,  the  12th,  nth,  10th,  and  9th. 
These  levels  vary,  however,  with  the  condition  of  the  thorax;  the  ribs  are  more 
oblique  in  the  female  and  in  the  round  shouldered,  less  oblique  in  the  young  and 
in  the  attitude  of  "  attention." 

When  any  rib  except  the  first  and  second  is  laid  with  its  lower  edge  on  the 
table,  its  vertebral  end  rises,  and  its  lower  edge  only  touches  the  table  at  two 
places. 

Most  of  the  ■  ribs  from  the  fourth  to  the  tenth  have  a  crista  Colli  inferior 
(C  Ci)  as  well  as  one  above.      On  the  fourth  to  the  ninth,  for  a  short  distance 


Fig-  197- — Ventral  aspect  of  right 
naif  of  thoracic  wall,  showing  the 
cartilages  of  the  ribs. 
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RIBS. 


above  the  tubercle  there  is  a  shallow  sulcus  COStalis  superior  (Scs)  looking 
backwards,  formed  by  the  upward  prolongation  of  the  upper  margin,  to  which 
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Fig.  198. — Vertebral  end  of  the  right  sixth 
rib — Cp.,  body  of  rib. 


Fig.  199. — Horizontal  section  through  the 
upper  part  of  the  fifth  dorsal  vertebra,  cut- 
ting successively  the  fifth,  fourth,  third, 
and  second  ribs,  and  touching  the  lowest 
limit  of  the  sternal  attachment  of  the 
cartilage  of  the  first. 


is  attached  the  anterior  transverso-costal  ligament.      The  angle  and  tubercle 
are  coincident  in  the  first  rib,  but  the  distance  between  these  points  increases 


Fig.  200. — First  and  second  ribs  of  the  left 'side. 

from  above  downwards.       The   ribsj  increase  [in   length  from   the   first  to   the 
eighth,  then  rapidly  diminish  to  the  twelfth. 


PECULIAR    RIBS. 
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The  first  rib  is  the  most  curved,  deepest,  strongest,  and  shortest,  with  the 
longest  neck,  and  it  lies  for  its  whole  extent  nearly  in  one  plane.  Its  upper  and 
anterior  surface  from  the  angle  forwards  presents,  1st,  a  roughness  for  the 
insertion  of  scalenus  meclius ;  2nd,  a  groove  or  impression  for  the  subclavian 
artery  ;  3rd,  a  small  rough  surface,  misnamed  a  tubercle  (tub.  of  Lis  franc),  close 
to  its  concave  border,  for  the  scalenus  anticus;  4th,  a  groove  for  the  subclavian 
vein ;  5th,  a  ridge  for  the  costo-clavicular  ligament  and  a  roughness  for  the 
subclavius.  These  last  are  close  to  or  on  the  cartilage,  which  is  short,  flat,  and 
irregular,  often  sheathed  with  bone,  and  directly  attached  to  the  sternum  with- 
out the  intervention  of  any  synovial  membrane.  The  lower  surface  is  uniformly 
flat,  looks  downwards  and  backwards,  and  has  no  groove;  its  outer,  half  is 
rough,  and  gives  attachment  to  intei"costal  muscles  ;  its  inner  is  smooth  and 
lined  by  pleura.      In  structure  the  concave  edge  is  strong  and  compact  (fig.  200). 

The  second  rib  (fig.  200)  can  also  lie  flat  on  the  table,  and  has  a  round,  but  two-facetted, 
head,  a  faint  intercostal  groove,  and  a  rough  surface  at  and  external  to  its  angle  for  the 
scalenus  posticus.  A  still  larger  tuberosity  on  the  outside  of  its  shaft  in  front  of  the  angle 
gives  origin  to  the  serratus  magmis. 

The  third  rib  is  longer,  a  little  more  oblique,  simple  in  curvature,  and  stronger  in  groove. 

The  tenth  rib,  while  long  and  curved,  with  a  deep  groove,  lias  but  one  facet  on  its  head. 
The  eleventh  has  no  tubercle,  but  the  trace  of  an  angle  and  groove,  and  a  single  capitular 
facet.  The  twelfth  has  no  tubercle,  angle,  nor  groove,  and  a  small,  single  facet,  and  like  the 
eleventh,  has  a  short,  pointed  cartilage  in  front. 

Reduction  in  ribs  seems  correlated  with  higher  development.  The  twelfth  and  eleventh 
ribs  are  dimishing  elements,  the  twelfth  being  variable  in  length  in  different  individuals, 
from  1  to  15  cm.;  and  the  first  is  becoming  shortened  and  consolidated.  The  twelfth  rib  of 
the  male  averages  103  mm.  in  length,  that  of  the  female,  83  -8  mm. 

Development. — Ribs  are  among  the  most  vascular  of  bones,  each  receives  several 
branches  from  the  intercostal  artery.  These  in  the  shaft  run  towards  the  vertebral  end, 
while  those  in  the  tubercle  and  neck  run  forwards.  The  shaft  ossifies  from  a  single  point, 
which  appears  at  the  angle  at  the  eighth  week,  and  rapidly  extends  both  forwards  and 
backwards,  reaching  its  foremost  limit  about  the  fourth  month.  A  small  nucleus  appeal's 
in  the  cartilage  of  the  head  of  the  third  rib  at  15  ;  and  soon  afterwards  in  those  above  and 
below  in  order.  These  join  the  shafts  about  24.  A  second  epiphysis  appears  a  little  later  for 
the  tubercle  ;  that  for  the  sixth  rib  at  about  16  years,  the  others  appear  later,  and  all  con- 
solidate at  25.  There  is  no  tubercular  epiphysis  for  the  tenth,  eleventh,  or  twelfth  ribs, 
and  often  no  head  epiphysis  for  the  first. 

The  rib  cartilages  resemble  in  shape  the  sternal  ends  of  the,  bony  ribs, 
although  they  are  less  flattened.  Each  is  enveloped  in  a  thick  perichondrium, 
and  in  advanced  age  they  partly  ossify  by  endostosis.  That  of  the  first  is  short, 
thick,  and  irregular,  and  like  that  of  the  second  and  third  is  continued  forward 
in  the  line  of  the  rib.  That  of  the  seventh  is  the  largest ;  that  of  the  eighth  is 
upturned  to  join  that  of  the  seventh,  becoming  pointed  and  flattened  in  front 
below  it.  It  is  occasionally,  but  rarely,  prolonged  to  the  sternum.  Those  of  the 
fourth  to  the  ninth  ascend  forwards. 

The  coefficient  of  elasticity  of  the  costal  cartilages  is  875.  A  rod  of  rib 
1  square  centimetre  in  section  breaks  under  traction  with  the  weight  of  17,000 
grammes.  It  can  bear  the  compression  of  a  weight  of  15,700  gi-ammes,  and  the 
torsion  strain  of  a  weight  of  23,900. 

The  cartilages  of  the  true  ribs  are  usually  unsymmetrical. 

75.  THE  STERNUM  is  a  light  flat  bone  in  the  front  wall  of  the  thorax, 
whose  loose  cancellous  structure  is  invested  with  a  thin  compact  shell,  and 
contains  red  marrow.  The  surface  is  porous,  slightly  convex  in  front  and 
concave  behind.  Its  upper  end,  palpable  through  the  skin,  is  on  the  level  of 
the  lower  border  of  the  second,  its  lower  end  on  the  level  of  the  ninth  dorsal 
vertebra.  '  It  consists  of  three  parts,  presternum  (manubrium,  fig.  201,  1), 
mesOSternum  (body.  2),  and  metasternum  (ensiform  cartilage,  3).  The 
first  is  the  uppermost,  broadest,  and  thickest  part,  bearing  on  each  side  three 
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articular  surfaces,  an  upper,  large  and  saddle-shaped  for  the  clavicle  (5),  a 
middle,  irregular  for  the  cartilage  of  the  first  rib  (6),  and  a  lower  or  half  facet, 
for  the  upper  border  of  the  second  rib  cartilage  (7).  Between  the  two  clavicu- 
lar facets  the  upper  border  is  depressed  into  a  presternal  notch  (4)  in  the 
middle  line. 

Each  lateral  border  of  the  mesosternum  shows  four  complete  and  two  half 
facets  for  rib  cartilages,  the  topmost  of  these  is  the  half  facet  for  the  lower 
border  of  the  second,  the  lowest  for  half  of  the  seventh  (12),  the  four  intermediate 
(8,  9,  10,  11)  for  the  third  to  the  sixth  rib  cartilages:  that  for  the  third  rib 
is  nearly  on  the  level  of  the  mid  point  of  the  bone.  The  intercostal  notches  on 
the  margin  are  narrow  and  rough,  and  become  successively  shorter  from  above 
downwards.     The  mesosternum  is  widest  between  the  fifth  rib  cartilages,  but 


Fie.  201. — Sternum. 


Fig.  202. — Diagram  of  the  primitive 
formation  of  the  sternum, 


narrows  above  and  below  that  point.  The  metasternum  is  irregular,  usually 
notched  or  bifid  below,  placed  on  a  plane  behind  the  cartilage  of  the  seventh  rib, 
whose  lower  border  makes  an  imperfect  half  facet  on  its  upper  and  lateral  edge. 
The  sternum  lies  obliquely  in  the  body,  its  lower  end  being  in  front  of  its 
upper.  The  presternum  is  thicliest  at  the  clavicular  facets  which  look  upwards, 
backwards,  and  outwards,  and  are  sagittally  convex  but  transversely  concave. 
The  synchondrosis  of  the  first  rib  lies  directly  below  this,  the  sternum  being 
excavated  to  receive  the  cartilage.  The  front  surface  is  marked  with  a  faint 
T-like  ridge  (1),  the  cross  riclge  on  each  side  giving  origin  above  to  the  sterno- 
mastoid,  while  below  and  on  each  side  are  two  shallow  pectoral  depressions ; 
below  the  clavicular  surfaces  on  the  hinder  surface  are  two  rough  areas  of  origin 
for  the  sterno-hyoid  muscles.     The  ribs  between  the  second  and  seventh  inclusive 
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join  the  sternum  by  plane  synovial  joints  (§  30) ;  that  for  the  second  has  two 
synovial  sacs,  a  pre-  and  a  meso-sternal ;  that  for  the  seventh  has  but  one,  a 
mesosternal. 

The  mesosternum  is  more  than  twice  the  length  of  the  presternum  in  the 
male,  but  less  in  the  female.  To  its  lateral  margin  posteriorly,  the  triangularis 
stemi  is  attached,  and  to  the  sides  of  the  metasternum  the  diaphragm  and 
tendons  of  insertion  of  the  internal  oblique  and  transversalis  are  attached. 

When  ribs  first  appear  as  cartilaginous  bars  in  the  embryo,  their  anterior  ends  turn 
upwards  and  fuse  together  on  each  side  of  the  middle  line,  leaving  a  median  fissure,  bordered 
by  two  cartilaginous  strips,  into  which  the  front  ends  of  at  least  nine  ribs  are  confluent  on 
each  side.  These  come  in  contact  medially,  and  fuse  from  before  backwards,  and  so  make  a 
continuous  central  sternal  cartilage.  In  the  progress  of  growth  the  sternal  connection  of  the 
eighth  rib  generally  disappears ;  that  of  the  ninth  becomes  subdivided,  one  part  remaining 
attached  to  the  sternum  as  the  metasternum,  while  the  rib  itself  recedes  therefrom. 

Development. — Ossification  begins  in  the  presternum  by  a  single  centre  about  the  sixth 
month,  sometimes  supplemented  later  by  small  accessory  centres.  The  mesosternum  ossifies 
usually  from  seven  or  eight  centres,  of  which  one  is  above  the  third  rib,  appearing  early  in 
the  eighth  month,  and  three  pairs  between  the  articulations  of  the  lower  true  ribs.  The 
upper  two  pairs  begin  to  appear  respectively  in  the  end  of  the  eighth  and  in  the  ninth 
months.  The  lowest  pair  appear  in  the  mesosternum  ten  months  after  birth,  by  which  time 
the  upper  pairs  in  each  segment  have  medially  united.  The  lowest  pair  unite  about  six 
years,  at  which  time  the  mesosternum  consists  of  four  successive  segments,  which  unite  at 
twenty-five,  but  traces  of  the  transverse  ridges  of  union  persist  through  life,  especially  on  the 
frout  of  the  bone,  the  junction  lines  appearing  on  the  levels  of  the  rib  cartilages.  The  meta- 
sternum begins  to  ossify  near  its  upper  border  at  the  fifteenth  year,  and  joins  the  meso- 
sternum at  forty.  The  pre-mesosternal  joint  persists  until  advanced  age,  and  when  it 
ossifies  the  union  is  generally  superficial  and  the  cartilage  persists  within.  Thin  crusts  of 
epiphyses  appear  on  the  clavicular  surfaces  about  twenty-five  [<V  d),  and  soon  become  united. 
The  presternum  has  become  specialised  from  its  relation  to  the  shoulder  girdle,  to  which, 
however,  its  connection  is  secondary.     The  lower  part  of  the  sternum  is  a  diminishing  bone. 


Fig.  203. — Development  of  sternum  in  the  fifth  month,  at  birth,  at  thirteen  years,  and  at 
sixteen  years.  The  sternum  at  thirteen  (the  figure  to  the  left)  was  taken  from  one  which 
showed  an  interval  between  the  lateral  centres,  not  an  uncommon  condition.  The  next 
figure  is  that  of  a  sternum  at  birth,  with  an  unusually  large  number  of  bony  nuclei  in  the 
presternum. 

76.  INTERVERTEBRAL  JOINTS.— The  vertebral  bodies  form  with  each 
other  a  series  of  synchondroses.  The  whole  column  is  enveloped  in  a  sheath  of 
vertical  white  fibres,  continuous  with  the  periosteum  and  pierced  by  the  vessels 
passing  in  and  out  of  the  bodies.  This  sheath  is  weak  and  interrupted  at  each 
side,'  but  is  thicker  medially  both  in  front  and  behind,  and  specialises  into 

two  continuous  bands,  the  anterior  and  posterior  common  ligaments  of 

the  spine. 

The  anterior  common  ligament  (fig.  204,  12)  appears  above  as  a  narrow 
median  septum  between  the  two  longi  colli  muscles,  with  a  cord-like  free  border 
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at  the  anterior  tubercle  of  the  atlas.     Descending,  it  widens  over  the  ligamentous 
area  of  the  vertebrae,  continuing  along  the  front  of  the  column  to  the  coccyx. 

On  each  side  it  is  separated  from  the 
Aveaker  lateral  portion  of  the  fibrous  sheath 
by  apertures  for  the  entrance  of  vessels. 

The  ligament  consists  of  two  strata, 
the  superficial  fibres  pass  with  a  slight 
obliquity  over  three  or  four  vertebra? ; 
those  from  the  atlas  diverge  and  become 
attached  to  the  lower  cervicals,  those 
from  the  lower  cervicals  converge  down- 
wards, the  ligament  being  very  narrow 
where  it  crosses  the  fourth  dorsal,  but 
widening  again  in  the  lumbar  region. 
The  superficial  stratum  is  separated  from 
the  deeper  opposite  the  middle  of  the 
back  of  each  body  by  loose  connective 
tissue  and  fat.  The  ligament  receives 
a  few  reinforcing  fibres  from  the  longus 
colli  opposite  the  second  dorsal,  and  at 
the  first,  second,  and  third  lumbar  verte- 
bra? it  gets  many  additional  fibres  from 
the  crura  of  the  diaphragm.  TJie  dee}) 
fibres  lie  close  to  the  vertebral  body,  to 
the  edges  of  which  and  to  the  interverte- 
bral substances,  they  are  particularly 
Fig.  204.— Right  sides  of  5-8  dorsal  verte-  connected.  This  ligament  gives  an  even, 
bra?  and  the  corresponding  ribs,  showing  smooth  appearance  to  the  front  of  the 
ligaments.  vertebral  column  (fig.  172). 

Anterior  OCCipitO-atlantic  lig'ament. — The  continuation  of  this  liga- 
ment above  the  anterior  arch  of  the  atlas  to  the  fore-lip  of  the  foramen  magnum 
occupies  the  upper  edge  of  the  atlas  from  condyle  to  condyle  (fig.  205).  Its 
superficial  part  appears  as  a  strong  central  cord  from  the  tubercle  of  the  atlas 


Fig.  205. — Upper  portion  of 
anterior  common  vertebral 
ligament  (9)  and  the  anterior 
occipito-atlantic  ligament. 


Fig.  206. — Posterior  common  spin- 
ous ligament — A,  in  the  cervical 
region  ;  B,  in  the  lumbar  region. 


to  the  middle  point  of  the  occipital  lip,  forming  a  median  anterior  occipito- 
atlantic  ligament  (8),  the  deeper  part  expands  on  each  side  as  a  lateral  anterior 
occipito-atlantic  ligament  (7). 

Anterior  saero-coccyg'eal  ligament. — The  downward  continuation  of 


INTERVERTEBRAL   DISCS. 


12 


the  anterior  ligament  is  a  flat  median  band,  the  anterior  sacro-coccygeal  ligament, 
lost  on  the  front  of  the  coccyx. 

The  posterior  common  ligament  (fig.  206,  c.s.T)  lies  on  the  backs  of  the 
vertebral  bodies  within  the  spinal  canal,  and  is  exhibited  by  sawing  through 
the  pedicles,  lifting  up  the  arches  of  the  vertebrae,  and  removing  the  spinal  cord 
and  its  membranes.  It  is  attached  above  to  the  inner  edge  of  the  anterior  lip 
of  the  foramen  magnum  and  descends  to  the  sacrum,  attached  in  its  course  to 
the  posterior  part  of  the  edges  of  the  vertebral  bodies  and  to  the  intervertebral 
substances,  but  is  separated  from  the  backs  of  the  bodies  by  the  basivertebral 
veins  (ib.,  v).  To  allow  of  the  emergence  of  these,  it  narrows  opposite  the 
middle  of  each  body,  widening  at  the  disc,  and  consequently  its  borders 
appear  scolloped. 

The  scolloping  is  least  marked  in  the  cervical  region  (fig.  206,  A),  where  the 
ligament  is  widest,  best  marked  in  the  lower  lumbar  (ib.,  B)  where  the  mid  por- 
tion of  the  ligament  is  narrowed  to  a  cord.  The  middle  fibres  of  the  ligament 
are  nearly  parallel,  and  stretch  over  four  or  five  vertebra?;  the  lateral  fibres  are 
very  oblique,  extending  on  each  vertebra  to  the  root  of  the  pedicle.  Its  super- 
ficial lamella  of  fibres  is  with  difficulty  separated  from  the  dura  mater  in  the 
upper  cervical  region.  The  portion  between 
the  occiput  and  the  axis  is  attached  to  the 
back  of  the  transverse  ligament,  and  is  often 
bilaminar,  its  deep  layer  being  usually  con- 
sidered   as    a    separate    ligament,    the    liga- 

mentum  latum  axiale  (figs.  207.  8;  216, 
8,  12). 

Intervertebral  discs. —The  vertebral 

bodies  are  united  into  a  column  by  the  inter- 
position of  intervertebral  discs  (fig.  208),  of 
which  there  are  twenty-three  between  the 
true  vertebra?.,  contributing  about  14  cm.  to 
the  height  of  the  body  of  an  average  man 
(cervical  discs  3  cm.,  dorsal  6,  lumbar  5). 
Each  disc  is  as  large  as  the  face  of  the 
vertebra  to  which  it  is  attached,  and  consists 
of  two  parts,  an  outer  annulus  fibrOSUS  of 
concentric  layers  of  white  fibres  (fig.  208,  c),  making  up  more  than  half  the 
thickness  of  the  disc,  and  a  nucleus  pillpoSUS  (fig.  172,  3),  uot  quite  in  the 
centre,  an  elastic  mass  of  angular  cartilage  cells  in  a  fibrous  matrix  with  a 
mucin-holding  ground-substance.  The  nucleus  contains  a  small  cavity  of  very 
irregular  shape  with  approximated  sides  (fig.  208,  a). 

A  layer  of  hyaline  cartilage,  to  which  the  disc  is  attached,  encrusts  each 
terminal  face  of  each  vertebra.  In  this  the  epiphysial  rim  developes,  but  the 
whole  layer  does  not  become  fully  ossified  until  after  50.  The  superficial  fibres 
in  the  annulus  fibrosus  are  vertical,  continuous  with  the  common  sheath.  The 
deeper  layers  are  oblique,  spirally  disposed,  those  of  each  layer  being  approxi- 
mately parallel  to  each  other,  and  the  alternate  layers  decussate  each  other 
nearly  at  right  angles  (fig.  208,  c).  The  numbers  of  such  layers  vary  within 
very  wide  limits  in  different  discs  and  even  in  the  corresponding  discs  of 
different  individuals.  They  give  to  the  disc  when  cut  vertically  a  longitudinally 
streaked  appearance;  when  divided  horizontally  it  appears  concentrically 
laminated.  A  few  horizontal  white  fibres  and  a  fine  network  of  elastic 
fibres  are  distributed  among  these  layers,  making,  with  a  little  loose  areolar 
tissue,  a  polygonally  netted  sheath  for  the  fibres.  The  fibres  of  the  outer  layer 
are  ordinary  white  fibres,  those  of  the  inner  are  peculiar  in  some  respects,  and 
have  cartilage  cells  in  their  interspaces. 


Fig.  207. — Ligamentum  latum  axiale 
— 1,  basilar  process ;  2,  petrous 
bone ;  3,  mastoid  process ;  4,  cut 
border  of  the  occipital  bone  ;  5,  cut 
arcb  of  atlas ;  6,  cut  lamina  of  axis ; 
7,  occipito-atlantic  capsule. 
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The  nucleus  pulposus  is  large  and  elongated  backwards  into  a  narrow 
process  in  the  dorsal  region,  it  is  normally  compressed,  so  that  on  horizontal 
division  of  the  disc  it  rises  above  the  level  of  the  cut  annulus.  The  cavity  it 
contains  resembles  a  synovial  sac  filled  by  large  villi.  In  the  newborn  infant 
it  contains  the  liquefied  remains  of  the  notochord,  which  disappear  completely 
by  the  fifth  year,  and  its  walls  are  approximated  in  the  adult.  The  smallest 
disc  is  that  between  the  fifth  and  sixth  cervical,  the  second  that  between  the 
second  and  third,  the  weakest  spot  in  the  cervical  column.     From  the  former 

upwards  and  downwards  they  enlarge 
slightly  in  sequence.  Those  in  the 
cervical  region  are  one-third  higher  in 
front  than  behind ;  those  in  the  dorsal 
are,  if  anything,  higher  behind ;  those 
in  the  lumbar  are  higher  in  front,  the 
last  or  lumbo-sacral  being  wedge-shaped, 
2-6  times  higher  in  front.  A  rudi- 
mental  nucleus  pulposus,  without  a 
central  hollow,  persists  to  senility 
between  the  odontoid  process  and  the 
body  of  the  axis. 

Cervieo-COStal  joints.— In  each  inter- 
space in  the  cervical  region  a  small  synovial 
cavity  lies  posterior  and  external  to  the  inter- 
vertebral disc,  between  the  neuro-central  ridge 
of  the  pedicle  and  the  contiguous  surface  of 
the  body  of  the  overlying  vertebra  (fig.  208,  b). 
These  cavities  are  in  series  with  the  synovial 
cavities  of  the  costal  joints  below,  and  with 
the  atlanto-axial  and  anterior  occipito-atlantic 
joints  above. 

The     interlaminar    ligaments 

(ligamenta  sub/lava)  are  thick  masses 
of  elastic  fibres  filling  the  intervals 
between  the  arches  of  the  successive 
vertebra?  (fig.  209).  They  are  attached 
to  the  upper  edges  of  the  lamina?  of 
each  lower  vertebra,  and  pass  vertically 
upwards  to  a  rough  transverse  impres- 
sion on  the  anterior  surface  of  the 
lamina?  of  the  vertebra  above.  Each 
ligament  is  continuous  from  side  to  side,  the  lateral  halves  uniting  at  an  angle 
in  the  median  line  beneath  the  spine,  where  small  vessels  often  traverse  it, 
making  it  appear  as  if  divided.  JFrom  the  dorsal  surface  of  this  angle  the 
interspinoUS  ligament  is  continued  backwards  between  the  spines  as  far 
as  their  terminal  tubercles  (fig.  172,  6). 

These  interlaminar  ligaments  are  the  purest  masses  of  yellow  fibrous  tissue 
in  the  human  body.  In  general  they  equal  the  lamina?  in  vertical  depth  when 
seen  from  before,  and  are  so  disposed  that  the  hinder  wall  of  the  spinal  canal 
appears  uniformly  smooth,  even  in  different  degrees  of  flexure.  The  cervicals  are 
the  thinnest  and  extend  outwards  to  the  inner  edge  of  the  articular  processes 
where  they  merge  into  the  capsules.  The  dorsals  are  narrower  transversely 
and  much  thicker,  attached  not  only  to  the  lamina?  but  to  the  rough  inner 
margin  of  the  articular  process  as  far  as  its  tip.  The  lumbars  are  the  strongest 
and  longest,  and  extend  laterally  as  far  as  the  rough  surface  on  the  anterior 
aspect  of  the  articular  processes,  and  thus  their  thick  round  borders  form  the 


Fig.  208. — Ligaments  uniting  the  second, 
third,  fourth,  and  fifth  cervical  vertebra? — 
b,  the  cervico-costal  articular  cavity ;  d, 
layer  of  ligament  overlying  the  cavity  ;  e, 
cervical  stellate  ligament. 
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hinder  boundaries  of  the  lumbar  intervertebral  foramina  (fig.  172,  4).  The 
upper  attachment  of  each  interlaminar  ligament  divides  the  face  of  each  lamina 
into  a  smooth  supra-ligamentous  and  a  rough  infra-ligamentous  area. 

Posterior  atlantO-axial  ligament. — The  interlaminar  ligament  between 
the  axis  (fig.  210,  3)  and  the  third  vertebra  (4)  is  thin,  and  its  elastic  lamella 
is  interrupted  by  masses  of  areolar  tissue  (6).  It  becomes  purely  areolar  and 
thickened  at  each  side  behind  the  exit  of  the  second  cervical  nerve. 

Posterior  OCCipitO-atlantic  lig'ament.  —  The  first  interlaminar  liga- 
ment, between  the  occipital  bone  and  the  atlas  (fig.  210,  5),  has  no  continuous 
elastic  lamella,  but  is  made  up  of  condensed  areolar  tissue,  closely  connected  to 


Fig.  209.  —  Interlaminar 
ligament  between  ^the 
eighth  and  ninth  dorsal 
vertebras. 


Fig.  210. — Posterior  occipito-atlantic 
and  atlantoaxial  ligaments. 


the  dura  mater  in  front.  A  strong,  white  band,  sometimes  ossified,  the  oblique 
ligament  of  the  atlas,  usually  crosses  it  from  the  back  of  the  sinus  atlantis  to 
the  hinder  edge  of  the  upper  articular  surface  arching  over  the  vertebral  artery 
and  first  cervical  nerve. 

To  expose  the  interlaminar  ligaments  divide  the  pedicles  of  the  vertebra?,  raise  the  arches 
from  the  bodies,  leaving  behind  the  spinal  cord  and  its  membranes,  and  cleanse  the  adhering 
shreds  of  connective  tissue  from  the  inside  of  the  arches  by  wiping  with  a  rough  wet  cloth. 

The  lumbar  interspinous  ligaments  (fig.  172,  6)  consist  of  two  strong 
layers  of  nearly  horizontal  white  fibres,  passing  backwards  from  the  median 
ridge  of  each  spine  below,  to  the  under  side  of  the  space  between  the  tubercles 
of  the  spine  above.  The  dorsal  interspinous  ligaments  are  weak  except  in  the 
lowest  three  interspaces.  They  consist  of  an  interrupted  lamella  of  connective 
tissue  with  a  little  fat.  The  cervical  are  also  weak  and  not  easily  separable 
from  the  supraspinous  ligament.  There  is  no  distinct  interspinous  ligament 
between  the  occiput  and  atlas,  or  between  the  atlas  and  axis. 

The  inter-  and  supraspinous  ligaments  are  specialised  parts  of  the  medio-dorsal  inter- 
muscular septum,  traceable  beyond  the  level  of  the  spines  to  the  fascia  along  the  middle  line 
of  the  back.  The  portion  which  lies  upon  the  dorsal  surface  of  the  spines  forms  a  more  or 
less  continuous  band,  the  supraspinous  ligament  (rig.  172,  7).  In  the  lumbar  region  this  is 
inseparable  from  the  lumbar  fascia,  in  the  dorsal  it  becomes  reduced  to  a  cord  passing  from 
tip  to  tip  of  the  long  spines  (ligamentum  apieum— fig.  212),  but  from  the.  "withers" 
spines  of  the  last  cervical  and  first  dorsal  it  is  continued  forwards  as  a  bilaminar  series  of 
arched  fibres,  which  are  attached  to  the  inner  borders  of  each  lateral  tubercle  of  each  cervical 
spine,  and  to  the  crest  of  the  occipital  bone  as  far  as  the  occipital  tuberosity.  This  portion 
of  the  septum  is  the  UgamentHm  nucha?  (tig.  211),  representing  the  structure  of  that  name 
which  is  strong  in  heavy-headed  animals.  In  man  it  consists  of  fascicles  of  mixed  white 
and  yellow  fibres  bound  into  a  lamella  by  loose  areolar  tissue. 

The  intertuberOUS  ligaments  are  indistinct  bands,  which  in  the  dorsal 
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region  pass  from  tuberosity  to  tuberosity,  with  difficulty  separable  from  the 
muliifidus  tendons  (fig.  212).  In  the  cervical  region  they  are  loose  bands  of 
connective  tissue  on  the  backs  of  the  capsules. 

There  are  no  intertransverse  ligaments.     Those  so  called  in  the  lumbar  and  cervical 
regions  are  intercostal,  the  dorsal  are  intertuberous. 

Capsular  ligaments  surround  the  articular  surfaces  (fig.  172,  5),  they  are 

strongest  in  the  lumbar  region,  where 
the  outer  surface  of  the  interlaminar 
forms  its  inner  part.  Each  capsule  is 
strengthened  here  by  a  strong  upper  and 
a  wide  radiating  lower  accessory  band, 
the  latter  extending  to  the  lateral  ridge 
of  the  spine.  The  dorsal  capsules  are 
not  so  tense,  but  their  inner  halves  are 
made  by  the  interlaminar  ligaments. 
In  the  cervical  region  the  interlaminar 
makes  a  very  small  part  of  the  capsule, 
which  is  weaker  and  looser  than  else- 
where. 

77.    ARTICULATIONS    OF    THE 

RIBS.  —  The  ligaments  whereby  the 
ribs  are  held  in  their  places  are  three- 
fold— costo-vertebral,  intercostal,  and  costo- 
sterncd. 

.  As  these  differ  for  the  different  ribs,  those 
uniting  the  first,  second,  sixth,  eleventh,  and 
twelfth  ribs  to  the  vertebra?  and  the  attach- 
ments of  the  rib  cartilages  to  the  sternum, 
should  be  dissected  and  examined. 

The   single  costo-vertebral 

joints. — The  costo-vertebral  joints  are 
single  for  the  first,  tenth,  eleventh,  and 
twelfth  ribs,  each  of  which  has  a  single 
capsule  (fig.  213)  attached  round  the 
vertebral  articular  facet  on  one  side  and 
union   is    strengthened    by  anterior   and 


Fig.  211. — Ligamentum  nucha?  extending 
%  from  the  occiput  (0)  to  the  seventh 
|[  cervical  spine. 
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the    rib-head    on   the    other, 
posterior  accessory  ligaments. 

The  anterior  or  stellate  ligament  consists  of  fibres  radiating  from  the 
anterior  margin  of  the  head  of  each  rib  to  the  side  of  the  body  of  the  vertebra 
above,  to  the  front  of  the  intervertebral  substance,  as  well  as  to  the  front  of 
the  vertebra  with  which  the  rib  articulates. 

The  posterior  accessory  ligament  (posterior  costo-vertebral  or  ligamentum 
colli)  consists  of  horizontally  disposed,  nearly  transverse  fibres  filling  the 
interval  between  the  front' of  the  transverse  process  and  the  rough  surface  on 
the  back  of  the  neck  of  the  rib.     For  the  first  rib  this  is  double. 

CostO-transverse  joint. — The  tubercle  of  the  first  rib  is  tied  to  the 
transverse  process  of  the  first  vertebra  by  a  COStO-transverse  capsular 
ligament  around   the  cartilage-clad  articular  surfaces.     For  this  joint  there 

is  a  strong  accessory  posterior  costo-transverse  ligament  (fig-  212)  from 

the  outer  border  of  the  tuberosity  to  the  outer  edge  of  the  tubercle  of  the  rib. 

The  double  COStO-vertebral  joints. — In  the  joints  between  the  rib- 
heads  and  the  vertebra?  from  the  second  to  the  ninth,  the  capsule  includes  two 
synovial  membranes  (fig.  204,  9)  separated  by  a  fibro-cartilaginous  interarti- 
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CUlar  ligament,  passing  horizontally  from  the  intervertebral  substance  to 
the  crista  capituli.  Each  joint  has  stellate  (ib.}  10)  and  p>os^er^or  accessory 
costo-vertebral  ligaments    (fig.    214)   like    those    of  the    first    rib,   the    former 

attached  to  the  vertebra?  above  and  below,  the 
latter  being  double  in  the  upper  five  joints, 
the  second  stratum  being  below,  attached  to 
the  lower  crest  on  the  rib  neck  (ligamentum 
costce  colli  inferius — fig.  198).  The  costo-trans- 
verse  joints  resemble  that  of  the  first  rib. 


Pcstc.tr.liqt    (f\ 
\  J       lArtio\ 


Fig.  212. — Dorsal  view  of  the  sixth 
and  seventh  dorsal  vertebra?, 
showing  the  supraspinous  and 
intertuberous  ligaments.  - 


Fig.    213.— Articulation    of  the   twelfth 
rib  with  its  vertebra. 


Superior  costo-transverse  ligaments.— For  all  the  ribs  below"  the 

first,  the  inner  border  of  the  internal  intercostal  aponeurosis  is  strengthened  to 
form  a  series  of  accessory  ligaments,  which  run  from  the  transverse  process 
above  to  the  rib  below  (tig.  204,  n).  Thei'e  are  two  such  sets  of  superior  costo- 
transverse ligaments.     The  anterior  is  the  stronger  and  its  til  ires  pass  downwards 
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Fig.  214. — Third  dorsal  vertebra  and  ribs  seen  from  below. 


and  inwards  from  the  anterior  inferior  edge  of  the  transverse  process  to  the 
crista  superior  of  the  rib-neck  below.  They  underlie  the  anterior  branches  of 
the  intercostal  vessels  and  nerves.     The  posterior,  which  is  weaker,  consists 
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Fig.  215. — Occipito-atlantic  and  atlanto-axial  joints  seen  from 
behind — 3,  axis  ;  5,  hypoglossal  nerves  ;  8,  middle  slip  of 
anterior  ligament. 


usually  of   two  fascicles,  inner   and   outer,  passing  from  the  lower   and  back 
part  of  the  transverse  process  to  the  neck  of  the  rib  above  the  crista  media. 

Ligamentlim    COnjUgale.— in  many   mammals  the    upper  fibres   of  the 

posterior  costo-vertebral 

ligament  form  a  band 
continued  across  the 
back  of  the  upper  edge 
of  the  vertebral  body 
from  one  rib  to  its  fellow. 
These  constitute  the  lig- 
amentum  conjugal  e  cos- 
tarum,  traces  of  which 
occasionally  occur  at  the 
head  of  the  seventh  rib. 

Development     of 

the  joints. — The  foetal 
rib  is  at  first  joined  to 
its  own  vertebra  by  em- 
bryonic cartilage,  to  the 
vertebra  above  by  em- 
bryonic connective  tis- 
sue; in  the  latter,  a  syno- 
vial cavity  developes 
early  in  the  fifth  month, 
that  of  the  second  rib 
first  appearing,  while  in 

the  former  the  cavity  does  not  appear  until  the  seventh  month.    The  tuberculo- 

transverse  synovial  cavity  is  distinct  at  the  sixth  month. 

Morphological  classi- 
fication.— These  ligaments 
of  the  rib  may  be  divided 
into  four  series  according  to 
their  sources — (1)  the  in- 
terarticular  is  the  relic  of  the 
original  mesoblastic  union 
of  the  rib  to  the  vertebral 
axis  ;  (2)  the  stellate  is  de- 
rived from  the  fibrous  sheath 
of  the  column  of  vertebral 
bodies;  (3)  the  capsulars,  the 
ligamenta  colli,  and  the  pos- 
terior costo-transverse  ac- 
cessory are  formed  from  the 
condensed  fibrillar  tissues 
around  the  costo-vertebral 
and  costo-transverse  joints ; 
(4)  the  superior  costo-trans- 
verse ligaments  are  derived 
from  the  lateral  intermus- 
cular septa. 

In  the  cervical  region 
the  ankylosed  costal  processes 
show  rudiments  of  the  stellate 
ligaments  (fig.  208,  e),  while 
the  third  series  are  ossified  to  form  the  costo-transverse  lamella  (p.  10 r). 


Fig.  216.  —  Sagittal  section  of  occipito-vertebral  joint — 
I,  basilar  process;  2,  anterior  arch  of  atlas;  5,  odontoid 
process;  7,  anterior  occipito-atlantic  ligament;  9,  trans- 
verse ligament  cut  across;  14,  ligamentum  latum  axiale. 
The  synovial  membranes  and  vertebral  veins  are  shown. 
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In  the  lumbar  region  the  stellate  ligaments  are  very  well  marked  (fio-. 
213,  ST),  and  a  system  of  intercostal  and  transverse  costal  bands  represent 
the  fourth  series. 

The  intercostal  ligaments  are  degenerated  portions  of  the  intercostal  muscles  or  of  their 
sheath,     They  are  very  distinct  in  the  lumbar  region  between  the  costal  processes  (§  195). 

78.  COSTO-STERNAL  JOINTS.— The  first  costo-sternal  joint  is  a 
synchondrosis,  the  cartilage  of  the  first  rib  being  continuous  into  a  depressed 
area  of  the  sternum.  The  second  rib  has  two  flat-faced  articular  surfaces  and 
two  synovial  cavities  between  it  and  the  pre-mesosternal  lateral  edge.  Between 
these  cavities  is  an  interarticular  fibro-cartilage,  continuous  with  the  rib  on  one 
side  and  the  sternum  on  the  other.  The  third  rib  has  but  one  synovial  cavity, 
the  cartilage  of  continuity  linking  it  to  the  sternum  being  a  thin  layer  below 
embedded  in  the  capsule.  The  fourth  and  fifth  have  generally  two  small 
synovial  membranes  on  each  side  of  an  intermediately  continuous  thin  edge  of 
cartilage  The  sixth  has  a  very  small  cavity  above  the  cartilage,  and  the 
seventh  is  usually  a  synchondrosis.  The  periosteum  forms  for  each  a  capsule, 
strengthened  by  radiating  sterno-costal  fibres  on  the  anterior  surface,  those 
from  the  lower  true  ribs  ascending  on  the  front  of  the  sternum. 

The  pre-mesosternal  joint  is  a  syndesmosis  at  birth,  but  by  the  age  of  four  it 
has  become  a  synchondrosis.  It  is  strengthened  in  front  by  an  anterior,  behind 
by  two  parallel  lateral  posterior  ligaments. 

From  the  metasternum  to  the  cartilage  of  the  eighth  rib  runs  on  each  side 
a  COStO-xiphoid  ligament,  the  displaced  intercostal  ligament  of  this  region. 

79.  OCCIPITO-ATLANTIC  JOINT.— Correlated  with  the  increased 
mobility  of  the  upper  cervical  regions,  special  forms  of  the  intervertebral 
ligaments  unite  the  occipital  bone  to  the  atlas  and  axis.  The  anterior 
common  ligament,  interrupted  by  the  anterior  arch  of  the  atlas,  is  continued 
upwards  from  it  to  the  front  lip  of  the  foramen  magnum,  forming  the  anterior 
OCCipitO-atlantiC  ligament  (fig.  205),  with  a  thick  central  band  (8)  and  a 
lateral  thinner  part  (7).  The  interlaminar  ligaments  are  continued  upwards 
(fig.  210),  though  modified  as  before  noted,  forming  posterior  atlanto-axial 
(6)  and  atlantO-OCCipital  (ib.,  5)  ligaments. 

To  see  the  other  ligaments  of  this  joint,  remove  the  posterior  interlaminar  ligaments  as 
well  as  the  hinder  arches  of  the  atlas  aud  axis,  and  the  back  of  the  occipital  bone.  The  dura 
mater  sheathing  the  spinal  cord  (fig.  216,  16)  being  dissected  carefully  off  from  the  back  of 
the  cervical  vertebra,  the  upward  continuation  of  the  posterior  common  spinous  ligament 
is  seen  ascending  to  the  occiput.  On  removing  this,  a  deeper  lamella  of  considerable 
strength  and  width  is  exposed,  segmented  off  from  this  ligament,  ascending  from  the  back  of 
the  body  of  the  axis  to  the  upper  surface  of  the  basilar  process  within  the  foramen  magnum 

(ligamentum  latum  axiale— fig.  207,  8). 

The  transverse  ligament  (figs.  215,  10;  217,  7)  lies  beneath  the  broad 
axial  ligament  (fig.  215,  12),  and  passes  across  in  the  transverse  groove  on  the 
back  of  the  odontoid  process  from  the  one  internal  tuberosity  of  the  atlas  to 
the  other.  The  surface  of  the  ligament  here  is  covered  with  a  thin  plate 
of  white  fibro-cartilage,  while  on  the  contiguous  surface  of  the  odontoid  process 
there  is  a  thin  layer  of  elastic  fibro-cartilage,  and  a  synovial  sac  is  interposed. 

The  transverse  ligament  is  a  very  strong  restraining  band  for  the  odontoid 
process,  requiring  a  weight  of  130  kilos,  to  rupture.  It  represents  the  ligamentum 
conjugal  e  for  the  costal  processes  of  the  first  cervical  vertebra  (fig.  217). 

The  transverse  ligament  is  fixed  in  place  by  means  of  vertical  bands,  one 
of  which  (crus  superius — fig.  215,  11)  ascends  from  its  upper  border  and  bends 
forward  on  the  top  of  the  odontoid  process  to  be  lost  on  each  side  of  it  in  the 
back  of  the  anterior  occipito-atlantic  ligament,  the  other  (crus  inferius — fig. 
215,  12)  descends  to  be  fixed  to  the  back  of  the  body  of  the  axis. 
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80.  0CCIPIT0-0D0NT0ID  LIGAMENTS.— Above  the  transverse  liga- 
ment are  two  strong  fascicles  of  white  fibres,  one  on  each  side,  each  arising 
from  the  inside  of  one  occipital  condyle  and  inserted  into  the  same  side  of  the 
upper  part  of  the  odontoid  process ;  these  are  the  odontoid  or  check  liga- 
ments (fig-  215,  9),  each  of  which  is  made  tense  by  turning  the  head  to  the 
opposite  side.  Some  fibres  of  these  ligaments  pass  transversely  across  the 
odontoid  pi'ocess,  either  behind  or  above  it,  but  unattached. 

Suspensory  ligament  Of  the  axis. — From  the  apex  of  the  odontoid 
,-i  slender  fibro  cartilaginous  cord  ascends  to  the  front  border  of  the  foramen 
magnum  (figs.  215,  7  ;  216,  10).  This  is  a  rudimental  and  lengthened  inter- 
vertebral disc  within  which  a  trace  of  the  notochord  persists  longer  than 
elsewhere. 
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Fig.  217. — Horizontal  section  of  the  occipito-atlantic  joint — 1,  anterior  arch  of  atlas; 
2,  posterior  arch ;  3,  end  of  transverse  process  ;  4,  costal  process  ;  6,  odontoid  process ; 
11,  sub-occipital  nerve. 

Besides  these,  the  articular  surfaces  of  the  occiput  and  atlas  (figs.  207,  7; 
215,  2)  are  united  by  capsular  ligaments,  stronger  anteriorly  and  laterally  than 
behind  and  internally.  Similar  but  much  looser  capsules  surround  the  atlanto- 
axial joints  (figs.  205,  6;  215,  13).  These  articular  surfaces  are  in  series  with 
the  rib-head  joints,  not  with  the  other  intervertebral  articulations. 

The  synovial  membranes  of  these  joints  are  richly  clad  with  villi.  That  between  the 
odontoid  and  the  anterior  arch  of  the  atlas  extends  upwards  by  a  pointed  process  in  front  of 
the  ligamentum  suspensoriura,  sometimes  it  touches,  and  occasionally  it  communicates  with 
some  of  the  neighbouring  sacs. 

81.  FUNCTION  OF  THE  VERTEBRAL  COLUMN.— The  vertebral 
column  has  a  three-fold  function  :  1st,  it  is  the  strong-walled  canal  guarding  a 
nerve  centre  ;  2nd,  it  is  the  basis  from  which  the  trunk  muscles  act ;  3rd,  it  is 
the  pillar  of  support,  bearing  on  its  summit  the  head,  laterally  the  arms, 
and  anteriorly  the  viscera.  Its  length,  measured  along  its  axis,  varies  little 
in  well-formed  persons,  averaging  69  cm.  in  the  adult  male,  in  the  female  67*5. 

82.  GENERAL  CHARACTERS  OF  THE  VERTEBRAL  COLUMN. - 

Viewed  in  front  the  vertebral  bodies  increase  in  width  from  the  axis  to  the  first 
dorsal,  decrease  thence  to  the  fourth  dorsal,  and  increase  again  to  the  fifth 
lumbar,  diminishing  finally  to  the  coccyx.  These  four  taperings  are  the 
pyramids  Of  the  spine.  When  the  ribs  are  removed  from  the  dorsal 
vertebra?,  the  out-jutting  transverse  and  lateral  processes  are  widest  at  the  atlas, 
first  dorsal,  and  fourth  lumbar,  narrowest  at  the  third  cervical  and  last  dorsal. 

Viewed  from  behind  the  central  row  of  spines  projects  medially,  not  always 
in  perfectly  even  succession;  those  of  the  axis,  the  seventh  cervical  and  the 
lumbar    projecting   most    prominently.       On    each    side    of   the    spine   is   the 


THE    CURVES    OF    THE    SPINE.  1 29 

vertebral  gTOOVe  for  the  lateral  vertebral  muscles,  floored  for  the  most  part 
by  the  bony  lamina?,  between  which  wide  gaps  occur  only  in  the  first  and 
twenty-fifth  interspaces. 

Viewed  laterally  (fig.  169)  the  spine  shows  that  the  bodies  increase  in  size 
regularly  from  above  downwards,  forming  an  elongated  cone.  Behind  the 
bodies  are  the  twenty-five  intervertebral  foramina  for  the  exits  of  the  nerves. 
The  lateral  outline  of  the  spine  is  sinuously  curved;  a  line  from  the  anterior 
arch  of  the  atlas  to  the  coccyx  cuts  the  front  wall  of  the  column  in  five 
points.  In  the  erect  position  of  the  body,  the  line  of  the  centre  of  gravity 
passes  through  the  vertebral  column  from  the  odontoid  process  cutting  the 
front  of  the  body  of  the  second  dorsal,  the  middle  of  the  last  dorsal,  and 
the  edge  of  the  last  lumbar  vertebra. 

The  line  of  curvature  should  be  measured  along  the  vertical  axis  of  the  vertebral  coue,  but 
is  often  taken  along  the  fronts  of  the  bodies.  The  amounts  and  forms  of  the  described  curves 
will  vary  accordingly.  The  primary  curve  is  the  dorsal  curve  of  accommodation,  concave 
forwards,  the  remains  of  the  primitive  embryonic  curve,  and  present  from  the  earliest  period. 
The  sacral  curve  is  also  a  curve  of  accommodation  for  the  pelvic  viscera,  and  appears  about 
the  fifth  month  of  foetal  life.  The  intervening  lumbar  curve  begins  as  a  small  sacro- vertebral 
angle  between  these  and  gradually  developes,  increasing  principally  with  the  pushing  back  of 
the  pelvis  consequent  on  the  extension  of  the  lower  limbs.  The  cervical  curve  is  largely  con- 
sequent on  the  extension  of  the  neck,  and  like  the  lumbar  is  a  curve  of  compensation.  In 
these  latter  cases  the  amount  of  the  curvature  is  dependent  on  the  erect  position  of  the  body, 
and  as  growth  proceeds  the  bodies  of  the  vertebrae,  intervertebral  discs,  and  arches  become 
moulded  thereby.  In  the  adult  the  curves  are  maintained  (1)  by  the  tension  of  the  inter- 
laminar  and  interspinous  ligaments  ;  (2)  by  the  shapes  of  the  intervertebral  discs,  higher 
behind  in  the  dorsal,  higher  in  front  in  the  cervical  and  lumbar  regions  ;  (3)  by  the  shapes  of 
the  bodies,  higher  in  front  in  the  cervical  and  lumbar,  higher  behind  in  the  dorsal. 

The  cervical  curve  extends  from  the  atlas  to  the  disc  between  the  second  and  third  dorsal, 
culminating  at  the  body  of  the  fifth  cervical  vertebra.  The  dorsal  extends  to  the  disc 
between  the  twelfth  dorsal  and  first  lumbar  in  the  male,  or  to  the  centre  of  the  twelfth  dorsal 
in  the  female.  The  lumbar  curve  extends  to  the  promontory  of  the  sacrum,  culminating  in 
males  in  the  body  of  the  fourth,  in  females  in  the  disc  between  the  third  and  fourth. 

These  curves  serve  to  break  shocks  in  violent  motions  of  the  body,  and  to  diminish  the 
lengths  of  the  bending  elements  of  the  column  under  vertical  pressure.  An  elastic  column, 
acted  on  by  a  terminal  weight,  is  liable  first  to  bend  and  then  to  break  at  the  point  of  greatest 
flexure,  and  the  breaking  weight  is  inversely  proportional  to  the  square  of  the  length  of  the 
column.  By  introducing  so  many  points  of  flexure  and  thus  shortening  the  component 
segments  of  the  column,  a  commensurate  advantage  is  gained. 

The  weakest  point  in  the  column  is  between  the  second  and  third  cervical  vertebrae  ;  the 
point  most  exposed  to  injury  is  the  union  of  the  dorsal  and  lumbar  curves,  where  the  column 
of  the  trunk  is  the  most  movable,  has  the  least  transverse  width,  and  is  acted  on  by  longer 
leverage  than  elsewhere.  The  twelfth  dorsal  vertebra  is  consequently  the  most  liable  to 
disease  and  injury. 

The  column  can  bear  without  crushing  a  terminal  weight  of  350  kilos.  Its  tearing  limit 
at  its  weakest  point  averages  140  kilos. 

The  vertebral  column  has  a  slight  lateral  curve  in  the  upper  dorsal  region,  which  is 
present  even  in  early  embryonic  life,  but  is  intensified  by  the  greater  use  of  the  right  arm 
and  the  greater  weight  of  the  viscera  of  the  right  side.  This  and  the  vertical  curves  are 
liable  to  much  modification  in  different  handicrafts  as  well  as  at  different  ages,  in  different 
races,  and  in  the  two  sexes. 

Motion  between  any  two  vertebrae  is  extremely  slight,  but  the  sum  of  these  in  the  whole 
column  amounts  to  an  appreciable  range.  The  amount  of  motion  varies  in  different  regions 
of  the  column  and  in  different  individuals,  and  can  be  increased  almost  indefinitely  by  early 
acrobatic  training. 

The  weight  of  the  head  and  arms  during  the  day  increases  the  curve  of  the  upper  dorsal 
and  lumbar  region,  and  to  some  extent  compresses  and  diminishes  the  height  of  the  discs ; 
consequently  the  recumbent  stature,  or  that  on  rising,  averages  in  the  young  adult  1 1  mm. 
greater  than  the  height  in  the  evening.  The  amount  of  the  lumbar  curve  varies  during 
recumbency  with  the  degree  of  extension  of  the  hip-joint. 

The  spinal  canal  is  sinuous,  and  varies  in  calibre  and  section  at  different  points;  but 
alterations  of  curve  or  the  extremes  of  normal  motion  do  not  much  affect  its  calibre  at  any 
point. 

The  principal  sexual  variations  in  the  column,  besides  those  above  referred  to,  are  the 
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greater  length  of  the  lumbar  curve  in  females,  the  greater  lumbo-sacral  angle  in  females,  the 
general  size  of  the  processes  in  the  male,  and  the  varying  shape  of  the  sacrum. 

The  proportional  lengths  of  the  different  parts  of  the  column  are  as  follows,  measured 
along  the  fronts  of  the  curvatures.  In  the  first  column  are  given  the  average  measurements 
in  mm.  taken  along  the  fronts  of  the  bodies,  in  the  second  the  proportional  part  formed  by- 
each  region,  the  whole  spine  being  taken  as  ioo  : — 
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The  average  and  proportional  size  of  each  vertebra  is  as  follows 
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Owing  to  the  varying  obliquities  of  the  spines  the  tips  palpable  on  the  surface  are  not 
opposite  the  corresponding  bodies. 

The  spine  of  the  axis  is  on  the  level  of  the  body  of  the  third,  that  of  the  third  on  that  of 

1  the  fourth,  the  fourth  on  the  level  of  the  disc  between  fourth  and  fifth,  the  fifth  on  the  level 
.  of  the  disc  between  fifth  and  sixth,  the  sixth  and  seventh  are  opposite  their  own  bodies  ;  the 
\  first  dorsal  is  opposite  the  disc  between  the  first  and  second,  the  second  is  opposite  the  body 

of  the  third,  the  fourth  on  the  level  of  the  disc  between  the  fifth  and  sixth,  the  fifth,  sixth, 

seventh,  and  eighth  opposite  the  seventh,  eighth,  ninth,  and  tenth  respectively,   the  ninth 

v;  isi  opposite  the  body  of  the  tenth,  the  tenth  opposite  that  of  the  eleventh,  and  the  eleventh 

vppposite  the  disc  between  the  eleventh  and  twelfth.       The  third  and  fourth  lumbar  are 

opposite  their  respective  bodies,  and  the  fifth  spine  is  opposite  the  disc  between  the  fourth 

2  and  .fifth,    \ 
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The  chief  race-characters  are  the  diminution  of  the  lumbar  and  sacral  curves  and  the 
diminished  breadth  of  the  sacrum  in  lower  races. 

83.  THORAX. — The  thorax  is  somewhat  conical,  sagittally  compressed, 
with  a  narrow  upper  opening,  whose  plane  looks  upwards  and  forwards,  and  a 
wide  lower  aperture  whose  plane  looks  forwards  and  downwards.  It  has  a 
long  posterior  wall  formed  of  the  vertebrae  and  angles  of  the  ribs,  and  a  short 
anterior  wall  formed  of  the  sternum  and  rib  cartilages.  The  upper  opening  is 
kidney-shaped,  measuring  about  9  cm.  transversely,  5  cm.  sagittally,  and  is 
occupied  by  the  apices  of  the  lungs,  the  trachea,  oesophagus,  thoracic  duct,  and 
the  vessels  of  the  neck  and  arms,  together  with  the  phrenic,  vagus,  sympathetic, 
cardiac,  and  first  dorsal  nerves,  and  the  anterior  spinal  muscles,  as  well  as  the 
internal  mammary  and  superior  intercostal  arteries  and  veins,  and  the  sterno- 
hyoid and  ster no-thyroid  muscles.  The  margin  of  the  base,  formed  by  the 
lower  edge  of  the  false  ribs,  is  a  curved  ascending  line,  meeting  its  fellow 
anteriorly  at  an  angle,  the  subcostal  angle,  into  which  the  metasternum 
projects.  The  thorax  is  shorter  and  wider  when  undistorted  by  stays  in 
the  female  than  in  the  male,  is  deeper  sagittally  than  transversely  in  the 
young  foetus,  but  widens  transversely  after  birth,  reaching  its  maximum  of 
development  about  the  twenty-fifth  year. 
The  thoracic  index,  taken  at  its  widest  part, 

sagittal  x  100  ,.„.         '  mi 

— ,  varies  in  different  races.     Ihe 

transverse    ' 

thorax  contains  the  heart  and  lungs,  and  is 
subject  to  momentary  alterations  in  capacity 
during  respiration,  enlargement  taking  place 
by  the  rotation  of  the  ribs  around  the  back- 
and-outward-running  axis  of  their  necks. 
The  costo-vertebral  articulation  only  allows 
this  one  motion  of  rotation,  but  the  ribs  are 
so  remarkably  curved  that  this  slight  rota- 
tion of  the  end  produces  not  only  an  eleva- 
tion of  the  anterior  extremity,  but  an  eversion 
of  the  rib,  thus  enlarging  the  cavity  vertically, 
sagittally,  and  transversely ;  the  sternum 
becomes  raised  and  its  obliquity  increased 
thereby,  the  first  rib  moving  as  do  the  others. 
As  the  transverse  processes  of  the  dorsal 
vertebrae  increase  in  obliquity  from  above 
downwards,  so  the  obliquity  of  each  rib- 
neck  increases,  and  the  amount  of  motion 
likewise  increases  from  above  downwards ; 
with  this  increase  there  is  a  slight  alteration 
in  the  nature  of  the  angular  motion. 

During  life  the  thorax  is  a  closed  cavity, 
and  the  intrathoracic  viscera  communicate  by 
open  tubes  with  extrathoracic  spaces;  so  in 
enlargement  of  the  cavity  the  increased  internar  space  is  occupied  by  the  rush 
thereinto  of  the  air  into  the  air  passages,  and  of  blood  in  the  inferent  blood- 
vessels. Expulsion  of  the  superfluous  contents  take  place  when,  by  diminution 
of  the  cavity,  the  negative  pressure  in  ,the  air  passages  becomes  positive. 

The  consideration  of  the  cranial  part  of  the  axial  skeleton  had  better  be  postponed  until 
the  student  has  learned  the  bones  of  the  limbs. 


Fig.  218. — Front  view  of  the  skeleton 
of  the  thorax  —  1,  sixth  cervical 
vertebra  ;  2,  first  dorsal  vertebra  ; 
3,last  dorsal  vertebra;  4, first  lumbar; 
5,  presternum  ;  6,  mesosternum;  7, 
metasternum ;  8,  first  rib ;  9,  seventh 
rib  ;  10,  11,  12,  tenth,  eleventh,  and 
twelfth  ribs. 
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The  bones  of  the  upper  limb  are  divisible  into  four  groups  : — 

1.  The  shoulder  girdle— clavicle  and  scapula. 

2.  The  upper  arm — humerus. 

3.  The  forearm — radius  and  ulna. 

4.  The  hand — eight  carpals,  forming  the  wrist ; 

five  metacarpals,  forming  the  palm  ; 

fourteen   phalanges,    three   in   each    finger,  two    in    the 

thumb ; 
two  sesamoid  bones  at  the  base  of  the  first  thumb-phalanx. 

84.  THE    SCAPULA  is  a  flatfish  triangular  bone  representing  the  scapula 
and  coracoid  of  other  animals,  placed  on  the  posterior  surfaces  of  the  ribs  from 


Mid.  acrom.  tubercle 

Ext-  acrom.  tubercle 

Post.acrom.tubercle 

Deltoid. 

Glenoid  cavity. 

Infraglenoid 
tubercle. 
Dors.  scap.  art.  — 


Teres  minor. 


Teres  major. 


Sup.  angle. 

Supraspinous 

fossa. 
Lev.  ang.  scap 


Basal  triangle. 
Rhomb,  minor. 

Tuberculum 
spinas. 


Post.  edge. 

Rhomboideu* 
major. 


Lower  angle. 
Fig.  219. — Dorsal  surface  of  left  scapula,  £. 

the  second  to  the  seventh,  from  which  it  is  separated  by  the  serratus  magnus 
muscle  and  areolar  tissue.  It  has  three  edges  (fig.  219) — a  short,  sharp, 
concave  upper,    a  long  convex  posterior,   and   a  thick   outer  or  axillary ; 
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three  angles— a  thin  sharp  upper,  a  long  rounded  lower,  and  a  thick 
OUter  or  articular  ;  and  two  surfaces — an  anterior  concave  lying  on  the 
thorax  and  a  posterior  convex,  divided  by  a  strong  ridge,  the  spine,  into  two 

fossae,  a  supraspinous  and  an  infraspinous. 

The  upper  edge  is  thin  and  its  outer  half  gives  origin  to  the  onw-hyoid 
muscle  (fig.  220,  o.h).  Externally  it  is  interrupted  by  the  suprascapular  notch, 
which  transmits  the  suprascapular  nerve  and  is  bridged  by  a  ligament  (fig.  223). 


B.  &  c.  b. 


Sup. 


Fig.  220. — Ventral  surface  of  left  scapula,  •£. 


External  to  this  is  the  flattened,  hook-like  COraeoid  process  (cor.),  "like  a 
finger,  half-bent,  pointing  forwards  and  outwards"  over  the  shoulder-joint, 
palpable  during  life  below  the  clavicle.  This  process  is  smooth  below,  marked 
above  by  an  indistinct  tubercle  behind  and  by  a  ridge  in  front  for  the  conoid 
and  trapezoid  ligaments,  which  tie  it  to  the  overlying  clavicle.  Its  inner  border 
gives  insertion  to  the  lesser  pectoral  (fig.  220,  pmxn.\  its  outer  to  the  coraco- 
acromial  ligament  (fig.  224).  From  its  tip  arises  the  common  tendon  of  the 
biceps  and  coraco-brachialis  muscles  (B.  &  c.  b). 

The  shallow  oval  glenoid  cavity"  (Glen,  c.)  at  the  outer  angle  is  separated 
by  a  slight  sub-coracoid  notch  from  the  root  of  the  coracoid  process.  This 
socket  for  the  humerus  is  vertically  elongated,  its  breadth  at  its  lower  third 
being  07  of  its  height;  at  its  upper  third  0-5.  Its  front  lip  is  notched  above, 
and  its  face  looks  outwards,  forwards,  and  a  little  upwards.  Above  it,  is  a  slight 
SUprag-lenoid  tubercle  (fig.  221),  included  in  the  recent  state  within  the 
capsule  of  the  shoulder-joint,  and  giving  origin  to  the  long  tendon  of  the 
biceps  (fig.  119,  L).  Below  the  cavity  is  a  longer  rough  infraglenoid 
tubercle,  which  is  extra-articular,  and  gives  origin  to  the  long  head  of  the 
triceps. 

The  outer  edge  below  this  tubercle  presents  two  lips  (fig.  221),  one  sharp, 
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irregular,  and  posterior  (fig.  220,  1),  crossed  above  by  a  groove  for  the  dorsal 
scapular  artery;  and  a  second  rounded  and  anterior.  Between  these  a  portion 
of  the  subscwpularis  arises. 

The  inferior  angle  is  the  most  acute,  though  thick  and  rounded.  From 
it  the  hinder  or  vertebral  edge  ascends,  lying  about  5  cm.  from  the  spinal 
column,  to  which  it  is  closer  above  than  below.  This  border  is  irregularly 
convex,  projecting  at  one  spot  near  its  upper  third,  where  the  spine  of  the 
scapula  begins.  Into  the  border  between  the  inferior  angle  and  the  level  of 
the  spine  the  greater  rhomboid  muscle  is  inserted ;  to  the  projecting  edge 
at  the  back  of  the  spine  the  lesser  rhomboid  is  attached ;  and  to  the  edge 
between  the  spine  and  the  upper  angle  the  levator  anguli  scapulce. 

The  concave  anterior  surface  is  the  subscapular  fossa,  which  has  usually 
a  definite  posterior  margin,  between  which  and  the  vertebral  edge  is  a  linear 


Ssc. 
Notch. 


A  crom. 


Supraglen. 
tubercle. 

Great  notch. 


Infraglen. 

triceps. 


In£.  angle. 


Fig.  221. — External  margin  of  left  scapula,  the  glenoid  cavity,  and  axillary  edge,  £. 

area  into  which  the  serratus  magnus  is  inserted,  dilated  above  at  the  superior 
angle  into  a  flat  triangular  surface  (fig,  220,  sup.),  and  below  into  a  rough 
elongated  patch  (ib.,  in/'). 

The  floor  of  the  fossa  presents  three  or  four  ridges  ascending  from  the  hinder  margin, 
giving  origin  to  the  four  tendinous  planes  of  the  subscapularis  while  the  fleshy  fibres  of  the 
muscle  occupy  the  hollows  between.  The  muscle  lies  on,  but  is  not  attached  to  the  outer 
third  of  the  fossa. 

On  the  dorsal  surface  of  the  scapula  (fig.  219)  the  spine  projects  between 
the  two  fossae,  towards  which  its  upper  and  lower  slightly  hollowed  surfaces 
are  respectively  directed.     Its  posterior  surface  is  narrow,  rough,  and  sinuous, 
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and  can  be  felt  through  the  skin.  It  commences  at  the  hinder  edge  in  a  basal 
triangle,  over  which  the  tendon  of  the  trapezius  glides.  At  its  hinder  third  is 
the  thickened  tuberculum  spinse,  in  front  of  which  this  surface  first  narrows 
and  then  widens,  expanding  ultimately  into  the  flat  quadrate  acromion  pro- 
ceSS,  which  is  twisted  somewhat  forwards  so  as  to  overhang  the  shoulder- 
joint  (fig.  221).  The  under  side  of  this  process  is  smooth  and  bursa-lined ; 
the  upper  surface  is  flat,  rough,  and  subcutaneous,  continuous  with  the  narrow 
posterior  surface  of  the  spine.  Into  the  upper  edge  of  the  spine  and  acromion 
the  trapezius  is  inserted,  its  lower  dorsal  fibres  converging  to  the  tuberculum 
spinse.  From  the  lower  edge  the  deltoid  arises,  beginning  at  the  tuberculum. 
The  outer  edge  of  the  acromion  presents  four  marginal  tubercles  for  the 
tendinous  origins  of  the  acromial  deltoid.  These  muscular  attachments 
encroach  on  the  surface  of  the  spine  and  acromion,  leaving  very  little  of  the 
bone  uncovered  between  them.  To  the  apex  of  the  acromion  (a,  t,)  the  coraco- 
acromial  ligament  is  attached  (fig.  224).  Behind  this  on  the  inner  margin  is 
an  elliptical  articular  facet  for  the  clavicle  (fig.  219,  clav). 

Beneath  the  acromion  the  base  of  the  spine  is  separated  from  the  edge  of 
the  glenoid  cavity  by  the  great  scapular  notch  (fig.  221),  whereby  the  supra- 
and  infraspinous  fossae  communicate.  The  former  fossa  is  occupied  by  the 
supraspinatus  muscle,  which  arises  from  its  margins  and  posterior  half  (s.s/>). 
The  infraspinous  fossa  is  much  larger,  and  is  marked  by  an  irregular  oblique 
line,  which  cuts  off  a  narrow  area  along  the  axillary  edge.  This  space  is 
divided  into  two  parts — a  lower,  wider,  above  the  inferior  angle,  giving  origin 
to  the  teres  major ;  and  an  upper,  narrower,  for  the  teres  minor.  The  rest  of 
the  fossa  is  occupied  by  the  infraspinatus,  which  arises  from  its  margins  and 
posterior  half. 

Development. — A  line  drawn  from  the  suprascapular  notch  through  the  great  scapular 
notch,  isolating  the  gleuoid  cavity  and  coracoid  process,  is  called  the  neck  of  the  scapula, 
but  this  is  not  of  morphological  importance  (rig.  220). 

The  scapula  ossihes  from  two  primary  and  five  secondary  centres.  The  body  and  spine 
ossify  from  one  sub-periosteal  centre,  which  begins  close  to  the 
glenoid  cavity  in  the  eighth  week.  The  acromion  is  gristly  at 
birth,  and  ossifies  by  two  centres  which  appear  respectively  in  the 
fifteenth  and  sixteenth  years.  These  unite  before  eightten,  and 
join  the  spine  about  nineteen,  but  one  may  remain  detached 
(fig.  225,  os.  ac).  A  very  small  marginal  area  at  the  lower  end 
of  the  hinder  edge,  representing  a  nuperscapuln,  remains  carti- 
laginous longer  than  any  other  part  of  the  bone,  and  ossifies  by 
a  separate  centre  about  twenty.  A  second  centre  may  appear 
at  the  inferior  angle  at  twenty. 

The  coracoid  element  includes  the  top  of  the  glenoid  cavity 
and  the  supraglenoid  tubercle,  as  well  as  the  process.  It  is 
cartilaginous  at  birth,  but  a  bony  entochondral  centre  appears 
in  it  within  the  first  year,  and  it  joins  the  scapula  at  fourteen. 
A  scale-like  epiphysis  appears  on  its  surface  at  the  trapezoid 
ridge  about  fourteen,  which  consolidates  at  eighteen.  Very 
often  a  minute  epiphysis  appears  in  the  glenoid  border  of  the 
coracoid  at  seven,  which,  it  has  been  conjectured,  may  represent 
the  true  coracoid,  while  in  that  case  the  bulk  of  the  process 
would  be  a  modified  epicoracoid. 

The  young  scapula  consists  of  two  layers  of  compact  bone 
separated  by  an  intervening  cancellous  lamella.  In  the  adult 
the  middle  layer  disappears  in  the  floor  of  the  supra-  and  infra- 
spinous fossae,  and  the  bone  becomes  thin  and  translucent  in 
spots. 

The  periosteum  is  strong  and  laminated,  especially  Fig-  222-i 
on  the  spine,  acromion  and  coracoid,  and  along  the 
margins.  The  bone  is  pierced  on  the  concave  surface  by  nutrient  branches 
of  the  subscapular  artery,  and  on  the  convex  side  above  and  below  the  spine 
by  branches  of  the  suprascapular  artery. 


-Sagittal  section 
of  left  scapula. 
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The  scapula  may  be  considered  as  consisting  of  an  axis  running  from  the 
basal  triangle  to  the  glenoid  cavity,  from  which  three  lamelhe  diverge  at  different 
angles,  a  prescapula  above,  forming  the  floor  of  the  supraspinous  fossa,  a  meso- 
scapula  or  spine  and  a  posl scapula  below  (fig.  222).  The  angle  between  the  pre- 
and  mesoscapula  is  about  100°;  between  the  meso-  and  postscapula  1300;  and 
between  the  pre-  and  postscapula  130°.  The  deepest  part  of  each  fossa  is  along 
the  axial  line.  In  the  position  of  rest  the  middle  of  the  glenoid  cavity  is  on 
the  level  of  fourth  dorsal  vertebra. 

The  scapula  glides  on  the  wall  of  the  thorax,  and  its  motion  is  limited  by 

the  clavicle  as  a  radius;  its  inferior  angle  lies  in  a  pocket  formed  by  the  latissimus 

dorsi,  and  can  move  through  a  space  of  3  cm.  vertically  and  3  7  cm.  transversely. 

The  chief  human  peculiarity  is  the  long  postscapula,  a  character  which  increases 

.            /breadth  x  ioo\ 
from  childhood  to  adult  life;  the  scapular  index  I j — r-y- )   at  the  fifth 

month  being  92;  at  birth,  88;  at  fourteen  years,  78;  in  the  adult  about  70.  The 
index  is  lower  in  Europeans  than  in  the  dark  races,  and  in  males  than  females. 
The  scapula  articulates  with  two  bones,  gives  origin  to  ten  muscles  and  insertion 
to  six. 


85.  PROPER  LIGAMENTS  of  the  scapula  are  fibrous  bands  stretched  from  one  part  of 
the  bone  to  another.     These  are  : — 

1.  Suprascapular  (fig.  223),  consisting  of  two  slips  from  the  upper  edge  to  the  root  of  the 
coracoid,  bridging  the  notch. 

Under  the  upper,  stronger,  dorsal  band  passes  the  suprascapular  nerve,  over  it  the 
suprascapular  artery;  beneath  the  weaker,  lower,  ventral  and  more  obliquely  ascending 
band  (fig.  225)  is  a  small  vein.     The  origin  of  the  omo-hyoid  is  on  a  plane  between  these. 
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Fig.  223.  —  Proper  ligaments  of  right  scapula;  dorsal  surface,  the  acromion  process  cut  off. 


2.  Coraeo-aeromial  (fig.  224,  Cal.),  strong  and  triangular,  attached  by  its  apex  to  the 
acromion  on  the  inner  side  of  its  tip,  by  its  base  to  the  outer  edge  of  the  coracoid  process. 
This  ligament  consists  of  a  strong  posterior  oblique  and  a  strong  anterior  transverse  band. 
Its  free  anterior  edge  thins  into  an  expansion  on  the  front  of  the  shoulder-joint  (ib.,  Semiv.); 
its  hinder  edge  joins  the  supraspinous  fascia. 

A  crescentic  deficiency  exists  in  the  weak  middle  part  at  its  coracoid  border,  through 
which  in  about  14  per  cent,  of  shoulders  a  slip  of  the  lesser  pectoral  tendon  is  continued. 

3.  Coraeo-glenoid,   a  weak  band  beneath   the  last,  from  the  edge  of   the  crescentic 
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deficiency  (tig.  224)  to  the  edge  of  the  glenoid  cavity ;  the  remains  of  the  sheath   of   the 
prolonged  pectoral  tendon. 

4.  Coraeo-SCapular  (fig.  223),  rudimental  glistening  fibrous  bands  blended  with  the 
periosteum  over  the  coraco-scapular  synostosis.  These  bands  are  remains  of  the  original 
coraco-scapular  ligamentous  system. 

5.  Spino-glenoid  (fig-  223),  a  thin  skew-layer  of  areolar  tissue  bridging  the  great 
scapular  notch  over  the  infraspinous  vessels  and  nerves,   stretched  from  the  outer  edge  of 


Fig.  224. — Coraco-acromial  ligament  and  its  relations,  anterior  view. 

the  spine  to  the  glenoid  cavity  under  cover  of  the  infraspinatus  tendon,  from  the  sheath 
of  which  it  is  derived. 

Other  bands,  such  as  the  sling  insertions  of  the  rhomboid  and  serratus  marjnus,  and  the 
cervical  band  shown  in  fig.  225,  may  also  be  enumerated  in  this  connection. 

86.  THE  COLLAR  BONE  OR  CLAVICLE  stretches  obliquely  upwards, 
backwards,  and  outwards  from  the  sternum  to  the  acromion  process.  It  is 
curved  like  an  italic/,  with  its  inner  concavity  directed  backwards  and  its  outer 
forwards.  Its  outer  or  acromial  end  bears  a  terminal,  transversely  elongated 
and  rarely  smooth  facet  to  articulate  with  the  acromion.  The  outer  third  of 
the  clavicle  is  flattened  above  and  presents  a  rough  concave  front  margin,  from 
which  the  deltoid  muscle  arises,  and  a  convex  hinder  edge,  which,  with  part  of 
the  adjoining  upper  surface,  gives  insertion  to  the  trapezius,  and  projects  into  a 
prominent  COracoid  angle  which  overlies  the  coracoid  process.  The  lower 
surface  of  this  angle  is  a  rough  conoid  tubercle,  from  which  a  short  coarse 
trapezoid  ridge  runs  outwards  and  forwards.  These  give  attachment  to  the 
coraco-clavicular  ligaments  (fig.  225). 

For  its  inner  two-thirds  the  clavicle  is  rounder,  and  its  back-directed 
concavity  arches  over  the  subclavian  vessels  and  the  brachial  nerves.  Its 
upper  surface  is  covered  by  little  more  than  skin  which  glides  loosely  over  it. 
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The  anterior  margin  for  about  the  inner  half  is  roughened  to  give  origin  to  the 
great  pectoral,  and  the  upper  edge  for  the  inner  fourth  to  the  cleido-mastoid. 
The  inner  terminal  sternal  facet  is  irregularly  triangular,  with  its  apex 
backwards,  and  is  placed  obliquely,  looking  downwards  and  inwards,  and  arti- 


0  S.  tic. 


Acromion. 


Fig.  225. — Proper  and  coraco-clavicular  ligaments,  internal  view — C.v.,  cervical^band  arching 
over  a  branch  of  the  subscapular  artery. 

culating  with  a  facet  of  very  different  shape  on  the  sternum.  From  the"  lower 
and  back  part  of  the  bone  external  to  this  articular  surface  the  stemo-hyoid 
muscle  arises. 

The  lower  surface  is  rough  and  conspicuously  ridged  (fig.  226).      Internally 
where  it  overlies  the  cartilage  of  the  first  rib,  there  is  a  COStal  tuberosity  for 
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Fig.  226. — Left  clavicle,  under  side — |. 

the  costo-clavicular  ligament;  external  to  which  the  surface  is  slightly  chan- 
nelled as  far  as  the  conoid  tubercle  for  the  insertion  of  the  subclavius 
(subclavian  impression).  The  costo-coracoid  membrane  is  attached  to  the 
ridge  in  front  of  this  sulcus  (fig.  226,  C.C.M),  and  a  layer  of  cervical  fascia 
overlying  the  omo-hyoid 'muscle  is  attached  to  the  ridge  behind  it. 
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The  clavicle  serves  as  a  fixed  basis  of  support  for  the  scapula  and  through  it  for  the  arm, 
which  is  thereby  enabled  to  perform  definite  motions.  Its  outer  end  can  move  through  an  arc 
of  abo  it  5  cm.  vertically  and  about  6  cm.  horizontally.  In  circumduction,  the  acromial  end 
describes  an  ellipse  with  a  major  axis  of  7  to  8  cm.  and  a  minor  axis  of  5  to  6  cm.  The  inner 
curve  in  the  male  is  very  variable,  but  usually  represents  an  arc  of  700  of  a  circle  85  mm.  in 
radius,  in  the  female  700  of  72  mm.  The  outer  part  is  seldom  really  curved,  being  a  straight 
piece  set  on  at  an  angle  of  1350  with  the  axis  of  the  rest  of  the  bone. 

Structure. — The  clavicle  presents  a  thick  outer  compact  layer  and  a  cancellated  interior' 
whose  primary  planes  in  the  shaft  run  from  within  outwards  and  forwards,  and  bound  large 
coarse-meshed  spaces.  In  the  extremities  the  compact  layer  is  thin  aDd  the  intersecting 
lamellae  are  the  stronger,  directed  backwards  and  outwards  in  the  sternal  end,  directly 
outwards  in  the  acromial  end.  A  set  of  chordal  supplemental  lamella?  underlie  the  compact 
matter  at  the  greatest  convexity  of  the  inner  curve.  A  recent  clavicle  contains  red  marrow, 
at  its  sternal  end  especially ;  it  is  pierced  below  by  the  nutrient  branches  of  the  supra- 
scapular and  acromio-thoracic  arteries.  The  periosteum  is  easily  separated  from  the  middle 
of  the  bone. 

Of  the  two  clavicles  the  light  is  generally  the  longer,  stronger,  and  more  curved.  The 
female  bone  is  smoother  and  less  curved  than  the  male.  The  roughness  of  the  impressions 
varies  with  the  development  of  the  muscles,  and  the  habitual  occupation  of  the  individual 
imprints  its  characters  on  the  clavicle  and  the  joints  at  each  end  of  it  more  than  on  any  other 
bone  of  the  upper  limb. 

The  deltoid  impression  begins  at  a  slight  deltoid  tubercle  and  ends  at  the  acromial  facet. 
The  ridge  for  the  cleido-mastoid  stops  short  of  the  sternal  end.  The  clavicle  articulates  with 
three  bones,  gives  origin  to  four  muscles,  and  insertion  to  two. 

Development. — The  clavicle  is  a  compound  bone,  being  a  dermal  splint  with  which 
the  pre-coracoid  has  become  incorporated.  It  first  appears  as  a  streak  of  longish  mesoblastic 
cells,  shortly  after  the  first  trace  of  the  upper  limb  has  appeared  at  the  end  of  the  third 
week.  Ossification  begins  in  the  fifth  week,  immediately  after  it  has  begun  in  the  lower 
jaw,  but  proceeds  more  rapidly  than  in  that  bone.  In  front  and  behind  the  bony  nucleus 
the  tissue  chondrifies,  but  ossification  follows  swiftly  on  the  change  into  cartilage.  In  the 
eighth  week  the  clavicle  is  6  mm.  long,  ecpialling  o-2  of  the  cranio-coccygeal  length;  in  the 
fifth  month  it  is  0*19;  at  birth,  0-17;  in  the  adult  male,  o'i6.  At  about  sixteen  a  lamellar 
epiphysis  appears  in  the  cartilage  of  the  sternal  end,  which  consolidates  at  twenty-two. 
As  this  portion  of  the  cartilage  does  not  seem  to  be  segmented  from  the  rest,  it  is  probable 
that  this  epiphysis  is  of  little  morphological  value. 

87.  STERNO-CLAVICULAR  JOINT.— The  dissimilar  articular  surfaces  of 
the  sternum  and  the  clavicle  are  harmonised  by  the  intervention  of  an  inteP- 
aFticular  fibro-cartilag'e  (tig.  227),  the  modified  lateral  ejnstemum,  between 
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Fig.  227. — Stemo-clavicular  joints,  the  left  is  coronally  divided. 

which  and  each  bone  there  is  a  separate  cavity  whose  synovial  membranes 
present  many  processes  and  fringes.  This  is  functionally  a  plane  joint,  and  is 
protected  by  a  continuous  capsular  ligament,  composed  chiefly  of  fibres  ascending 
from  the  sternum  to  the  clavicle  and  interarticular  cartilage.     This  capsule  is 
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strongest   behind    and    in   front,    weakest   below,    and    supplemented    by   two 
accessory  ligaments,  the  interclavicular  and  the  costo-clavicular. 

Interclavicular  ligament,  a  differentiation  of  the  lower  part  of  the 
cervical  fascia,  stretches  from  the  upper  and  back  part  of  the  sternal  end  of  the 
clavicle  and  capsular  ligament  of  one  side  to  the  other,  behind  and  between  the 
sterno-mastoid  muscles.  Its  thin  upper  edge,  when  cut  from  the  fascia,  is 
directed  backwards  and  upwards.  Below,  it  is  connected  to  the  top  of  the 
sternum  on  the  plane  of  its  hinder  border,  and  behind  it  is  separated  by  the 
stemo-hyoid  and  -thyroid  muscles  from  the  vessels  of  the  neck.  It  limits 
depression  of  the  clavicle,  and  when  one  clavicle  is  much  depressed  it  draws 
the  other  upwards,  a  fact  which  should  be  borne  in  mind  in  fracture  of  this 
bone. 

CostO-ClaviClllar  ligament  (rhomboid  ligament),  strong  and  rhomboidal, 
ascends  inwards  from  the  cartilage  of  the  first  rib  to  the  costal  tuberosity  of 
the  clavicle,  internal  to  and  behind  the  subclavius,  internal  to  and  in  front 
of  the  subclavian  vein. 

It  is  a  differentiation  of  the  sheath  of  the  subclavius  muscle,  and  limits 
elevation  of  the  clavicle. 

The  interarticular  Cartilage  is  an  irregular  disc  thicker  above,  and 
attached  above  and  behind  to  the  edge  of  the  clavicle  and  capsular  ligament, 
in  front  to  the  capsule  alone,  below  to  the  cartilage  of  the  first  rib  and  to  the 
sternum. 

It  consists  of  many  lamellje  of  fibres  running  in  different  directions,  separated 
by  sparingly  disposed  cartilage  cells.  The  end  of  the  clavicle  is  invested  with 
fibro-cartilage,  containing  little  islands  of  hyaline  cartilage.  Of  the  two 
synovial  cavities  the  inner  or  menisco-sternal  is  the  larger,  the  outer  or 
menisco-clavicular  is  continued  beneath  the  clavicle  and  on  the  cartilage  of 
the  first  rib.  Real  rotation  in  this  joint  can  only  occur  through  45°.  The 
costo-clavicular  ligament  is  directly  opposed  to  the  trapezius  and  limits  its 
range  of  action. 

88.  THE  CORACO-CLAVICULAR  LIGAMENT  (fig.  225)  consists  of  two 
parts,  artificially  separable — a  posterior,  vertical  or  conoid,  which  ascends 
widening  from  the  conoid  tubercle  of  the  coracoid  to  the  transversely  placed 
conoid  tubercle  of  the  clavicle,  and  an  anterior  outer  or  trapezoid  passing  nearly 
horizontally  and  in  a  sagittal  plane  from  the  trapezoid  ridge  of  the  coracoid  to 
the  corresponding  line  on  the  clavicle.  In  protraction  of  the  shoulder  the 
trapezoid  portion  is  made  tense,  in  retraction  the  conoid. 

89.  THE  CLAVICULO-ACROMIAL  JOINT  is  a  small  irregular  plane 
joint  surrounded  by  a  capsular  ligament  which  is  especially  strong  above  and 
in  front  where  it  receives  fibres  from  the  trapezius  muscle,  but  is  weak  behind 
and  below.  The  bony  surfaces  are  invested  with  laminae  of  fibrous  and  elastic 
fibro-cartilaginous  tissue,  and  the  synovial  membrane  is  very  irregular,  processes 
of  the  soft  investment  of  the  clavicle  often  projecting  into  the  cavity  from  above, 
simulating  an  interarticular  cartilage. 

Movement  in  this  joint  is  principally  rotation  around  an  oblique  axis  which  traverses  its 
anterior  third. 

90.  HUMERUS. — This  is  a  long  bone  bearing  at  its  proximal  end  a 
cartilage- clad  head,  nearly  one-third  of  a  sphere,  which  is  directed  upwards, 
backwards,  and  inwards  to  articulate  with  the  glenoid  cavity  of  the  scapula. 
The  line  bounding  the  head  is  the  anatomical  neck,  external  to  which  is  the 
outer  or  greater  tuberosity  (fig-  228,  G.t)  marked  by  three  impressions — 
upper,  middle,  and  lower — for  the  insertions  of  the  supraspinatus  (ib.,  S), 
infraspinatus,  and  teres  minor.     Anteriorly  this  is  separated  from   the  lesser 
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tuberosity  into  which  the  subscapulars  is  inserted,  by  the  bicipital  gTOOVe, 
a  vertical  furrow,  towards  which  the  tuberosities  present  steep  sides  whose 
margins  are  called  their  spines.  In  this  groove  lies  the  long  tendon  of  the 
biceps. 

,  The  shaft  of  the  humerus  is  cylindroid  above,  but  below  it  is  three  sided, 
divided  by  three  angles  into  three  surfaces.  The  anterior  angle  begins  at  the 
spine  of  the  great  tuberosity,  and  its  upper  third  forms  the  prominent  outer 
lip  of  the  bicipital  groove  which  receives  the  insertion  of  the  great  pectoral. 
This  is  continued  below  into  the  anterior  edge  of  the  triangular  deltoid 
tuberosity  (clelt)  receiving  the  tendons  of  the  great  pectoral  and  deltoid  muscles. 
From  the  lower  end  of  this  tuberosity  downwards  the  angle  becomes  a  rounded 
ridge,  which,  with  the  surfaces  on  each  side  of  it,  gives  origin  to  the  brachials 
anticus. 

The  external  angle  begins  as  a  faint  line  below  the  great  tuberosity,  and 
receives  the  lower  part  of  the  insertion  of  the  teres  minor.  It  is  then  crossed 
by  the  posterior  circumflex  artery,  and  continues  indistinctly  to  the  level  of 
the  deltoid  tuberosity,  giving  origin  to  the  outer  intermuscular  septum  and  the 
outer  head  of  the  triceps.  At  the  deltoid  tuberosity  it  is  interrupted  by  the 
niUSCUlO-spiral  groove  for  the  musculo-spiral  nerve  and  superior  profunda 
artery,  below  which  it  continues  downwards  as  the  sharp,  outer  supracondy- 
loid  ridgfe,  from  whose  upper  two-thirds  the  supinator  longus  arises,  from 
its  lower  third  the  extensor  carpi  radialis  longior. 

The  inner  angle  begins  indistinctly  below  the  lesser  tuberosity,  and  forms 
the  inner  lip  Of  the  bicipital  gTOOVe,  less  prominent  than  the  outer,  and 
receiving  the  insertion  of  the  teres  major.  Below,  and  on  a  plane  behind  this, 
on  the  level  of  the  deltoid  tuberosity,  is  a  faint  line,  into  which  the  coraco- 
brachial (c.br)  is  inserted,  close  to  which  the  nutrient  canal  pierces  the  bone. 
Still  lower  the  inner  angle  becomes  the  internal  SUpracondyloid  line,  to 
which  the  inner  intermuscular  septum  is  attached. 

The  inner  surface  between  the  anterior  and  internal  angles  forms  for  its 
upper  fourth  the  floor  of  the  bicipital  groove  (b.g),  marked  by  a  faint  vertical 
line  for  the  insertion  of  latissimus  dorsi.  Below  this  is  a  smooth  area,  invaded 
by  an  ascending  tongue  of  the  origin  of  the  brachialis  anticus  which  covers  the 
remainder  of  this  surface. 

The  outer  surface  begins  by  a  flatfish  sub-deltoid  area  below  the  greater 
tuberosity,  which  ends  in  the  triangular  deltoid  tuberosity  into  which  the 
deltoid  is  inserted.  The  obliquely-concave  area  below  this  is  occupied  by  the 
outer  part  of  the  brachialis  anticus. 

The  posterior  surface  is  divided  by  the  niUSCUlO-spiral  gTOOVe  into  two 
unequal  parts — an  upper,  from  the  neck  to  the  groove,  giving  origin  to  the 
outer  head  of  the  triceps  ;  and  a  lower,  from  the  groove  downwards,  giving  rise 
to  the  inner  head. 

The  lower  end  of  the  humerus  is  transversely  flattened,  and  presents  from 
within  outwards  the  following  parts:— ist,  The  internal  epicondyle  (figs.  228 

and  230),  a  prominent  spur 
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epicondyle.  -"C^S^^  hand.     2nd,  The  trochlea 

'Vutiale10'  (H  a   horizontally-placed, 

Fig.  23o.-Lower  end  of  left  humerus.  ,  dlcepbox /  shfPed,    articular 

surface  for  the  ulna,  having 
its  inner  cone  larger, thanthe  outer.  Above  its  central  constriction  in  front  is 
the  cOronoid  fOSSa  (fig: "228- £./),' a  shallow  pit  below" the  end  of  the  anterior 
angle,  occupied  by  the  coronoid  process  of  the  ulna  in  flexion  of  the   elbow. 
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Posteriorly  there  is  a  larger  hollow,  the  olecranon  fossa  (tig.  229),  whereinto 
the  olecranon  process  of  the  ulna  fits  in  extension.  The  bony  floor  between 
these  fossa?  is  thin  to  translucency.  3rd,  External  to  the  trochlea  on  the  front 
of  the  lower  end  is  the  capitlllum,  a  segment  of  a  small  spheroid  projecting 
forwards  to  articulate  with  the  head  of  the  radius.  Above  it  there  is  a  depres- 
sion in  front  for  the  edge  of  the  head  of  the  radius  in  flexion.  4th,  Outside 
this  is  the  external  epiCOndyle  (e.ep),  a  short,  rough  process  at  the  end 
of  the  outer  supracondyloid  ridge,  giving  origin  to  some  of  the  extensors 
of  the  hand.  This  area  extends  behind  the  capitulum  as  far  as  the  outer 
lip  of  the  trochlea. 

The  transverse  section  of  the  average  humeral  head  makes  135°  of  a  circle 
of  27  mm.  radius  in  the  male,  23  mm.  in  the  female;  the  vertical  section 
makes  1420  of  a  circle  of  28  mm.  radius.  These  are  not  simple  circles,  but 
the  inner  and  outer,  upper  and  lower,  parts  of  each  are  arcs  of  circles  of 
different  radii,  the  outer  and  lower  respectively  belonging  to  circles  of  longer 
radii  than  the  inner  and  upper.  The  encrusting  cartilage  is  thicker  medially 
than  laterally,  as  on  every  articular  head. 

The  term  neck  is  applied  to  three  parts  of  the  humerus  :  the  anatomical 
neck  or  space  between  the  limit  of  the  cartilaginous  incrustation  and  the 
attachment  of  the  capsule  (fig.  229,  anai);  the  morphological  neck  or  area  of 
union  of  head  and  shaft  which  corresponds  only  to  the  lower  half  of  the  plane 
of  the  head,  inasmuch  as  the  upper  half  corresponds  to  the  union  of  the 
head  and  tuberosities.  Before  the  union  of  the  parts 
of  the  upper  end  the  shaft  terminates  above  in  a  low, 
three-sided  pyramid,  with  its  apex  upwards  and  pre- 
senting three  sharp  arrises;  the  fore  and  hind  isolate  an 
inner  surface  which  abuts  on  the  head,  while  the  two 
other  surfaces  underlie  the  tuberosities.  The  portion 
thus  isolated  supporting  the  head  is  of  the  same  nature 
as  the  neck  of  the  femur,  and  constitutes  the  morpho- 
logical neck;  its  axis  forms  an  angle  of  1300  with  the 
shaft,  and  its  terminal  face  forms  an  angle  of  45°  with  the 
horizon.  The  surgical  neck  (fig.  228)  is  an  indefinite 
area  below  the  tuberosities  and  above  the  insertion  of 
the  great  pectoral,  in  which  the  bone  is  liable  to  fracture.    K^3I*~^fcTSolSS 

No  parts  of  the  humerus,  except  the  tips  of  the  epi-         ne°j.  0f  humerus? 
condyles,    are    subcutaneous.       The    greater    tuberosity 

projects  below  the  acromion  under  cover  of  the  deltoid.  The  facets  for  the 
spinati  muscles  are  flattish,  that  for  the  teres  minor  is  irregular,  as  the  lower 
part  of  the  insertion  is  fleshy.  Branches  from  the  posterior  circumflex  artery 
pierce  the  greater  tuberosity,  several  from  the  anterior  circumflex  pierce  the 
lesser.  The  subscaimlaris  tendon  occupies  the  inner  face  of  the  latter  process, 
below  which  a  fleshy  slip  of  the  muscle  is  inserted. 

At  the  top  of  the  bicipital  groove  is  the  fovea  Capitis,  for  the  attachment 
of  the  gleno-humeral  ligament,  and  a  hole  for  the  branch  of  the  anterior  circum- 
flex artery  which  nourishes  the  head. 

The  shaft  of  the  humerus  is  sinuously  curved,  the  upper  articular  end 
projecting  behind,  the  lower  in  front  of,  the  axis  of  the  shaft.  The  whole 
humerus  has  undergone  a  torsion  in  development  through  an  angle  of  306.  The 
deltoid  tuberosity  consists  of  three  rough  lines  converging  below,  for  the 
terminal  tendons  of  the  muscle  (fig.  232). 

The  internal  epicondyle  is  convex  in  front,  grooved  by  a  sulcus  ulnaris 
for  the  ulnar  nerve  behind;  its  apex  points  backwards,  and  as  the. arm  hangs 
by- the  side  it  is  on  a  plane  posterior  to  the  outer  epicondyle..  ,  From  the  ridge 
above  it  arises  the  pronator  teres,  from  the  front  and  inner  part  the  flexor  carpi 
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radialis  and  palmaris  longus,  and  to  its  lowest  and  innermost  part  the  flexor 
sublimis  digitorum  and  flexor  carpi  ulnaris.  The  capsule  of  the  elbow  is 
attached  around  its  outer  margin  close  to  the  base  of  the  inner  cone  of  the 

trochlea.  The  outer  epicondyle 
is  short,  convex  behind,  and  its 
extremity  inclines  forwards.  To 
its  upper  part  is  attached  the 
extensor  carpi  radialis  brevior,  below 
which,  in  order  from  above  down- 
wards and  backwards,  arise  the 
extensor  digitorum  communis,  ex- 
tensor minimi  digiti,  extensor  carpi 
ulnaris,  anconeus,  and,  close  to  the 
margin  of  the  cartilage,  supinator 
brevis  and  capsular  ligament. 

The  inner  edge  of  the  trochlea 
forms   an   arc  of  210°,   of  a  circle 
13  mm.  radius,  the  narrowest  part 
3200,  of  a  circle  9  mm.,  the  outer 
edge  1800  of  11-5  mm.     This  arti- 
cular  mass    is   only   covered  with 
cartilage  for  four-fifths  of  its  surface, 
its    upper    surface    in    front    and 
behind  being  covered  by  synovial 
membrane.     The  posterior  breadth 
of  the  trochlea  is  1  •  1 7  of  its  anterior. 
The  axis  of  the  trochlea  is  oblique, 
Fig.  232. -Superposed  diagrams  of  the  upper  and    cutting  that  of  the  humerus  at  an 
lower  ends  of  the  arm  bones,  showing  the  amounts     angle,  salient  outwards,  of  105°  in 
of  epiphysary  rotation— a,  b,  sagittal  plane  of    the  male,  108°  in  the  female, 
body;  e,f,  longest  axis  of  lower  end  of  humerus; 


g,  long  axis  of  upper  end,  angle  of  intersection 
=  300;  /;,  long  axis  of  lower  end  of  forearm 
bones ;  i,  long  axis  of  upper  end.  The  angle  at 
w  —  80°  represents  the  inclination  of  the  axis  of 
the  lower  end  of  the  humerus  to  the  sagittal 
plane  when  the  hand  is  forcibly  supinated,  but 
in  the  ordinary  position  of  rest  the  inclination 
to  the  sagittal  plane  is,  c.  w.J  — -  80°  -  200  —  6o° ; 
c.d,  represents  the  sagittal  plane  in  this  position, 
and  is  nearly  parallel  to  h. 


Development. — The  humerus  ossi- 
fies from  eight  points :  ( 1 )  a  perichondral 
centre  for  the  shaft  appears  about  the 
fifty-eighth  day,  and  extends  rapidly ; 
(2)  an  entochondral  centre  for  the  head 
fifteen  months  after  birth;  (3)  one  for 
the  great  tuberosity  in  the  third  year; 
(4)  one  for  the  lesser  at  five — these  unite 
to  form  the  upper  epiphysis  at  six,  and 
join  the  shaft  at  twenty;  (5)  the  centre 


for  the  capitulum  appears  at  three ;  (6) 
that  for  the  inner  epicondyle  at  five  ;  (7)  for  the  trochlea  at  eleven  ;  (8)  for  the  outer  epicon- 
dyle at  thirteen  years.  The  sixth  of  these  joins  the  shaft  at  eighteen,  the  other  three 
unite  at  sixteen  into  a  lower  epiphysis,  and  join  the  shaft  at  seventeen.  At  five  months 
the  humerus  measures  45  mm.,  at  birth  60  mm.,  at  four  years  125  mm.  The  adult  male 
humerus  is  about  355  mm.  long  and  the  female  320  mm.  Its  proportion  to  the  stature 
averages  20*7  per  cent,  in  European  males,  19/9  in  females.  The  humerus  articulates  with 
three  bones,  gives  origin  to  fifteen  muscles,  and  insertion  to  nine. 

PropeP  Ligaments. — In  this  category  the  transverse  humeral  ligament,  which  converts 
the  bicipital  groove  into  a  canal,  and  the  outer  and  inner  intermuscular  septa,  and,  when 
present,  the  supracondyloid  ligament,  may  be  included. 

91.  SHOULDER- JOINT.— This  is  the  freest  enarthrodial  joint  in  the 
body,  as  the  shallow  glenoid  cavity  and  the  lax  capsule  allow  the  bony  surfaces 
to  move  nearly  in  all  directions.  The  bones  are  retained  in  contact  by  the 
surrounding  muscles,  which  are  the  deltoid,  suprasjnnahis,  infraspinatus,  teres 
minor,  long  head  of  triceps,  subscapulars,  coraco-brachialis,  and  the  short  and 
long  heads  of  biceps. 


SHOULDER-JOINT. 
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Beneath  the  deltoid,  the  front  of  the  joint  is  invested  by  a  variable  connective  expansion, 
the  semi-vagina  humeralis  (fig.  224),  continuous  above  with  the  front  margin  of  the 
coraco-acromial  ligament  and  overlying  the  spinati  tendons,  attached  below  partly  to  the 
capsule,  partly  to  the  fascial  of  the  infraspinatus,  subscapulars  and  arm. 

On  removing  this  expansion  and  the  underlying  tendons  the  capsular  liga- 
ment is  exposed,  attached  around  the  outer  margin  of  the  glenoid  cavity,  and 
to  the  anatomical  neck  of  the  humerus, 
close  to  the  margin  of  the  encrusting 
cartilage  above,  but  descending  to  about 
1  cm.  below  the  morphological  neck 
below.  It  bridges  by  transverse  fibres 
the  space  between  the  spines  of  the 
tuberosities  bordering  the  bicipital  groove, 
and  completes  the  canal  for  the  long 
biceps  tendon.  The  capsule  is  strength- 
ened by  the  attachment  thereto  of  the 
spinati  tendons  and  some  fibres  from 
the  long  tendon  of  the  triceps.  It  is 
pierced  by  the  biceps  tendon  as  it  leaves 
the  joint,  and  by  the  upper  edge  of  the 
sub  scapular  is  tendon.  At  both  defici- 
encies the  synovial  membrane  is  reflected 
on  the  respective  tendons.  To  its  upper 
surface  a  wide  accessory  COraco- 
humeral  ligament  is  attached,  passing 
from  the  inferior  margin  of  the  outer 
edge  of  the  coracoicl  process,  under  the 
coraco-acromial  ligament,  to  the  greater 
tuberosity  of  the  humerus  internal  to  the  supraspinatiis  tendon. 

The  capsule  is  thicker  above  and  below  than  elseM'here,  and  consists  of  several  planes  of 
longitudinal  fibres  with  intervening  scattered  circular  fibres.     Anteriorly  two  sets  of  acces- 


Fig.  233.— 


r-joint,  front  view,  show- 
ing the  subscapular  deficiency. 


Fig.  234. — Shoulder- joint  opened  from  behind  and  below,  showing  the  three 
gleno-humeral  folds. 

10 
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sory  longitudinal  fibres  strengthen  it  (frsena  SUSpensoria),  ascending  respectively  from 

the  tendons  of  the  great  pectoral 
Deltoid.     Subclavius.  and  teres  major,  but  primarily 

derived  from  the  brachial  inter- 
muscular septa. 

Gleno-humeral  Folds. 
— If  the  capsule  be  opened  by 
a  vertical  incision  behind  and 
below,  midway  between  the 
bones,  the  internal  surface  of 
its  front  wall  appears  irregular. 

Aprojecting  superior  gleno- 
humeral  fold  (Flood's  liga- 
ment) lies  above  the  sub- 
scapular tendon,  along  the 
anterior  edge  of  that  of  the 
biceps,  above  which  it  arises 
from  the  glenoid  ligament, 
passing  to  the  fovea  capitis 
humeri.  This  corresponds 
to  the  round  ligament  of  the 
hip.      Below  the   subscapular 

tendon  is  an  inferior  gleno- 
humeral    fold    (Schlemm's 


Clavicle. 
Coraco'ul. 

Glenoid 
lip. 


Fig.  235. — Vertical  section  through  the  shoulder. 


ligament)  consisting  of  two  sets  of  fibres,  one  from  above,  the  other  from  below  (fig.  234, 
In/)  the  notch  in  the  glenoid  margin  ;  both  sets  being  inserted  into  the  humeral  neck  on  the 
inner  side  of  the  lesser  tuberosity.  Synovial  processes,  which  are  few  elsewhere  in  the 
shoulder,  fringe  these  folds  at  their  attached  borders,  and  overlie  the  biceps  tendon. 

The  glenoid  cavity  is  deepened  by  the  glenoid  lip  of  fibro-cartilage,  con- 
sisting of  a  thick  band  of  concentric  fibres,  including  a  few  cartilage  cells  ;  it  is 
separated  from  the  capsule  by  a  furrow,  from  the  articular  cartilage  by  a  line. 
By  its  flexibility  it  preserves  the  uniformity  of  the  contact  between  the  some- 
times dissimilar  curves  of  the  glenoid  cavity  and  humeral  head.  Above,  the 
long  tendon  of  the  biceps  and  "the  superior  gleno-humeral  fold  are  attached  to  it. 
■  The  area  of  the  glenoid  cavity  is  ~\  that  of  the  surface  of  the  humeral  head. 
The  limb  in  circumduction  travels  on  the  surface  of  an  elliptical  conoid,  whose 
apical  angle  is  700  in  frontal,  90°  in  sagittal  section ;  and  whose  axis  is  inclined 
downwards  and  forwards,  making  an  angle  of  250  with  the  perpendicular.  In 
rotation  the  humerus  can  turn  on  its  long  axis  through  97°.  When  the  body 
leans  upon  the  elbows  the  humeral  head  is  forced  upwards  in  contact  with  the  over- 
lying archway  of  the  acromion,  which  is  fixed  by  its  attachment  to  the  clavicle. 

The  shoulder-joint  is,  when  at  rest,  in  a  condition  of  over-extension,  and  it  is  on  this 
account  that  the  biceps  tendon  is  brought  so  forcibly  to  bear  on  the  humerus  as  to  produce 
the  bicipital  groove.     The  joint  receives  its  nervous  supply  from  the  circumflex  nerve. 

92.  THE  BONES  OF  THE  FOREARM  are  two,  the  ulna  on  the  post- 
axial  (little-finger)  side,  the  radius  on  the  preaxial  (thumb)  side.  The  former 
is  larger  above  than  below,  and  takes  a  greater  share  in  the  formation  of  the 
elbow-joint  than  the  radius,  which  is  larger  below  and  almost  excludes  the  ulna 
from  the  wrist-joint.  The  radius  is  therefore  free  to  rotate,  carrying  the  hand 
with  it.  To  permit  of  this  rotation,  a  convex  marginal  surface  of  the  radius 
articulates  above  with  a  concavity  of  the  ulna,  while  below  a  convexity  of  the 
ulna  fits  into  a  concavity  of  the  radius.  When  the  thumb  is  rotated  outwards, 
the  hand  is  supine,  with  its  palm  towards  the  ventral  aspect ;  when  rotated  in- 
wards the  hand  is  prone,  with  its  palm  turned  dorsally.  In  the  former  position 
the  forearm  bones  lie  side  by  side,  in  the  latter  the  radius  crosses  the  ulna. 

93.  RADIUS. — The  upper  end  or  head  of  the  radius  is  a  cylindroid  disc 
with  a  shallow  terminal  concavity  which  receives  and  rotates  on  the  capitulum 
humeri.   "  It  is  clothed  with  cartilage  on  its  upper  face' and  around  its  edge,  of 
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which  the  internal  part  articulates  with  the  lesser  sigmoid  cavity  of  the  ulna, 
while  the  rest  of  the  margin  is  surrounded  by  and  rotates  within  the  orbicular 
ligament.      Beneath   the  head    is   the  neck,    which  joins  the   shaft  at   the 
prominent  tubercle  on  the  inner   side 
of  the  bone,   into  the  dorsal  border  of 
which  the  biceps  is  inserted. 

The  axis  of  the  radius  is  sigmoidally  curved ; 
that  of  the  neck  forms  with  that  of  the  shaft 
an  angle  of  116°  salient  forwards  and  inwards. 
The  line  of  the  former,  if  prolonged,  leaves  the 
bone  below  the  tubercle,  and  traversing  the 
lower  end  of  the  ulna  emerges  between  the  ring 
and  little  fingers.  The  axis  of  the  shaft  is 
curved,  its  concavity  being  directed  forwards 
and  inwards. 


Head. 
Neck. 

Supinator 
brevis. 
Ant.  oblique 
line. 

Nutrient  art 


Below  the  tubercle  two  oblique 
lines  descend  outwards,  one  anterior,  the 
other  posterior.  Where  these  approxi- 
mate below,  at  the  middle  third  of  the 
bone,  there  is  a  small  oval  pronator 
impression  on  the  summit  of  the  curve 
of  the  outer  surface,  for  the  insertion  of 
the  pronator  teres.  The  space  on  the 
outer  side  of  the  bone  between  these 
lines  is  the  supinator  surface,  into 
which  the  supinator  brevis  is  inserted. 
From  the  anterior  oblique  line,  the  radial 
head  of  the  flexor  sublimis  digitoram 
arises;  the  posterior  forms  the  upper 
limit  of  the  oblique  surface  for  the  origin 
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Fig.  236. — Right  radius,  front  view — 7. 
of  the  extensor  ossis  metacarpi  pollicis;  below  which,  from  the  hinder  margin 


Middle  thecal  tubercle. 

Third  thecal  sulcus. 

Fourth  thecal  sulcus. 


Ins.  of  sup.  longus. 

First  thecal  sulcus. 
External  thecal  tubercle. 
Second  thecal  sidcus,  a. 
b. 


Styloid  process.. 


Fig.  237. 

of  the  interosseous  ridge  for  the  middle  fourth  of  the  bone,  is  the  origin  of 
the  extensor  pollicis  minor. 
,     The  inner  aspect  of  the  shaft  is  rounded  for  a  short  distance  below  the 
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tubercle,  but  a  little  above  the  upper  point  of  trisection  a  sharp  interosseous 
edge  appears,  which  separates  the  anterior  from  the  posterior  surfaces.  These 
surfaces,  limited  above  by  the  oblique  lines,  are  slightly  concave  as  far  as  the 
lower  level  of  the  pronator  impression.  Near  the  anterior  oblique  line,  the 
nutrient  canal  for  a  branch  of  the  anterior  interosseous  artery  ascends.  The 
concave  front  surface  gives  origin  to  the  flexor  pollicis  longus. 

Below  the  level  of  the  pronator  impression  the  three  surfaces  of  the  bone 
become  convex,  the  interosseous  being  the  only  sharp  edge.  At  about  its 
lowest  fifth,  the  shaft  begins  to  dilate  towards  its  carpal  end,  the  interosseous 
edge  bifurcates  and  bounds  a  triangular  inner  surface,  whose  ^  base  is  at  the 
upper  edge  of  a  transversely  concave  and  cartilage-covered  sinus  lunatUS, 
which  receives  the  convex  articular  surface  at  the  lower  end  of  the  ulna.  The 
front  of  the  bone  is  here  flattened  transversely,  but  appears  vertically  concave 
on  account  of  the  projection  forward  of  an  irregular  sharp  lip,  the  anterior 
epiphysary  crest.  The  outer  surface  also  widens  at  the  lower  end,  being 
separated  from  the  anterior  by  the  outer  end  of  the  epiphysary  crest,  which 
here  is  continued  sharply  upwards,  forming  a  pronator  Crest  (fig.  236,  Pr. 
crest),  the  lower  and  outer  limit  of  the  insertion  of  the  pronator  quadratics. 
Behind  this  is  a  shallow  groove,  the  first  thecal  Sulcus,  for  the  tendons  of 
the  extensor  ossis  metacarpi  pollicis  and  extensor  p>ollicis  minor,  posterior  to 
which  is  a  ridge  beginning  above  in  a  projection,  the  external  thecal 
tubercle  and  continuous  clown  to  the  lowest  point  on  the  bone  which  is 
the  styloid  process.  From  the  outer  end  of  the  pronator  crest  to  this 
tubercle  there  runs  a  faint  line  which  limits  anteriorly  the  first  thecal  sulcus. 
Into  and  above  this  the  supinator  longus  is  inserted. 

Still  further  back  is  the  second  thecal  sulcus  for  the  long  and  short 
radial  extensors  of  the  wrist,  usually  divided  into  two  by  a  faint  ridge.  Behind 
this  is  the  middle  thecal  tubercle,  a  sharply  defined  knob  separating  the 
outer  from  the  posterior  surface. 

The  posterior  surface  for  the  lower  fifth  is  convex,  and  presents,  internal  to 
the    middle   thecal   tubercle,    a   deep,   clearly    defined   third    thecal    SUlCUS 

for  the  tendon  of  the  extensor  £>0^'c?s  major, 
internal  to  which  is  a  thinner  ridge,  the  internal 
thecal  tubercle,  which  limits  externally  the 
Sinus  wide  fourth  thecal  SUlCUS  for  the  tendons  of 
lunatus.  the  extensor  digitorum  communis  and  extensor 
indicis. 

The  inferior  face  of  the  radius  presents  two 
concave  articular  facets,  an  outer  triangular,  with 
Fig.  238.-Inferior  surface  of       itg  at  th       .    ^  process  articulating  with 

riff  lit  rcidni  s 

'  2'  the  scaphoid;  an  inner  quadrate  for  the  semilunar 

bone,  and  coinciding  by  its  inner  margin  with  the  lower  border  of  the  sinus 
lunatus.  Between  the  anterior  epiphysary  crest  and  the  border  of  the  scaphoid 
facet  is  a  triangular  ligamentous  area  for  the  attachment  of  the  fore  part 
of  the  capsule  of  the  wrist,  bevelled  to  allow  of  the  flexion  of  the  scaphoid. 

The  average  male  radius  measures  250  mm. ;  the  female  220.  The  former  is  proportionally 
straighter  and  more  strongly  ridged.  Its  length  is  to  the  stature  as  14/3  :  100.  The  head 
is  elliptical  in  outline,  its  sagittal  being  to  its  transverse  diameter  as  22  :  21.  Its  upper  con- 
cavity is  the  segment  of  a  hollow  sphere  of  12  mm.  radius,  and  its  transverse  section  is  an 
arc  of  75°.  The  margin  of  this  hollow  is  rounded  to  accommodate  itself  to  the  capitular 
sulcus  and  outer  margin  of  the  trochlea  humeri.  The  articular  circumference  of  the  head  is 
deep  on  its  inner  side  for  1500  of  its  extent,  with  a  sharp  lower  edge.  For  the  remaining 
2100  the  circumference  is  more  slightly  cartilage  clad  and  irregularly  rounded. 

The  neck  is  wider  sagittally  than  transversely,  as  it  presents  a  faintly  marked  blunt  l'idge 
(crista  colli)  ascending  from  the  tubercle  at  right  angles  to  the  line  of  action  of  the  biceps. 
The  tubercle  is  about  20  mm.  long  by  12  broad,  and  is  a  little  below,  but  turned  towards, 
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the  tubercle  of  the  ulna.  It  is  mainly  a  cancellous  thickening  of  the  bone  covered  with  a 
thin  compact  crust,  but  behind  it  the  compact  tissue  is  thickened.  In  front  it  is  smooth  and 
covered  with  a  bursa,  below  there  is  often  a  rough  spot  for  the  attachment  of  the  oblique 
ligament ;  behind,  the  bone  is  smooth  where  the  edge  of  the  supinator  brecis  presses  on  it 
in  extreme  pronation. 

The  interosseous  edge  is  blunt  and  thickened  above,  where  it  receives  some  strong  fibres 
from  the  back  of  the  ulna,  which  decussate  with  the  main  fibres  of  the  membrane.  Where 
the  line  bifurcates  below,  the  membrane  is  attached  to  its  hinder  edge,  the  triangular  space 
in  front  being  occupied  by  fibres  of  pronator  quadratics  and  fat. 

The  whole  lower  end  of  the  radius  is  bent  forwards,  and  the  hinder  edge  descends  a  little 
lower  than  the  front.  The  scaphoid  facet  forms  transversely  50°  of  a  circle  of  20  mm.,  and 
sagittally  900  of  one  10  mm.  in  radius.  The  semilunar  facet  forms  sagittally  65°  of  a  circle  of 
12  mm.,  and  the  sinus  lunatus  forms  45s  of  a  circle  of  26  mm.  radius. 

Structure. — The  upper  end  of  the  radius  consists  of  close  orthogonal,  internally 
rounded  cancelli ;  the  lower  end  of  coarser  orthogonal  cancelli,  the  vertical  rods,  especially 
those  arising  from  the  anterior  wall,  being  the  strongest.  The  weakest  plane  is  situated 
obliquely  a  short  distance  above  the  lower  epiphysaiy  line. 

Development.  — Ossification  begins  in  the  eighth  week  of  fcetal  life.  The  nucleus  for 
the  lower  epiphysis  appears  above  the  scaphoid  facet  twenty  months  after  birth,  and  by  the 
tenth  year  has  extended  to  the  styloid  process.  By  the  seventeenth  year  the  thecal  tubercles 
are  ossified  as  up-jutting  spurs  from  the  epiphysis ;  and  by  nineteen  the  lower  epiphysis  is 
synostosed  to  the  shaft.  In  the  upper  epiphysis,  which  forms  only  the  upper  part  of  the 
head,  several  small  nuclei  appear  at  the  end  of  the  fifth  year,  which  unite  at  about  seven 
years  into  one  cake,  and  this  consolidates  with  the  shaft  at  sixteen.  The  neck  and  lower  part 
fctojnu.  of  the  head  are  ossified  from  the  shaft.     The  radius 

articulates  with  four  bones,  gives  origin  to  four 
muscles,  and  insertion  to  five.  All  the  pronator 
"•^to;«B8      -<,JQ<ivih''1  and  supinator  muscles  are  inserted  hereinto. 

^  94.  THE   ULNA  is  a  little  longer  than 

the    radius   and    slightly    curved,    its    upper 
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Fig.  239.— Front  view  of  left  ulna,  f.      Fig.  240.— Outer  surface  of  upper  end  of  left  ulna,  {. 


end/ being   directed   forwards    and    inwards,    its    lower    outwards    and    back- 
wards.    Its  upper  articular  surface,  the  greater  sigmoid  Cavity,  is  a  deep 
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anterior  hollow,  not  placed  terminally,  whose  floor  is  raised  into  a  vertical 
middle  elevation,  dividing  it  into  two  lateral  parts  to  fit  the  two  cones  of  the 
trochlea.  Of  these  the  inner  is  the  larger  and  deeper.  A  rough  transverse 
non-articular  line,  ending  in  a  marginal  notch  at  each  end,  crosses  the  cavity 
transversely  and  marks  off  the  olecranon  process  above  from  the  shaft  below. 
The  olecranon  process  presents  an  upper  surface,  with  inflexed  point,  for  the 
insertion  of  the  triceps ;  a  posterior  triangular  surface,  which  is  flat,  subcutaneous, 
and  continued  into  the  shaft,  an  internal  tubercle  for  the  origin  of  the  flexor  carpi 
ulnaris,  and  an  outer  sharp  edge,  below  which  the  capsule  of  the  elbow  is  inserted. 

The  lower  lip  of  the  sigmoid  cavity  is  the  COPOnoid  process  which 
projects  forwards  with  a  nearly  horizontal  upper  surface,  which,  like  that  of  the 
olecranon,  is  concave  sagittally  and  convex  transversely.  Its  anterior  edge 
extends  7  mm.  in  front  of  the  plane  of  the  tip  of  the  olecranon,  and  presents  a 
sharp  inflexed  apical  tubercle  within  the  capsule  of  the  elbow,  and  a  rough, 
thick,  inner  tubercle,  whose  upper  surface  bears  against  the  inner  cone  of  the 
trochlea,  and  gives  attachment  below  to  the  pronator  teres  and  flexor  pollicis 
muscles.  Its  outer  edge  is  hollowed  into  a  sagittally  concave  lesser  sigmoid. 
Cavity,  for  ai'ticulation  with  the  head  of  the  radius.  The  inferior  surface  is 
oblique,  and  merges  into  the  front  of  the  shaft  at  the  rough  tuberosity  of  the 
ulna,  into  which  the  brachialis  anticus  is  inserted. 

The  shaft  presents  three  angles  and  three  surfaces.  The  internal  angle  begins 
at  the  inner  tubercle  of  the  coronoid,  and  skirts  the  tuberosity,  receiving  the 
inner  part  of  the  brachialis  tendon.  Below  this  it  becomes  rounded,  covered  by 
the  flexor  digitorum  profundus  as  far  as  its  lower  fourth,  where  it  joins  the  oblique 
pronator  ridge  which  limits  the  narrow  strip  of  attachment  of  the  pronator 
quadratus.  The  external  angle  is  sharp,  and  gives  attachment  to  the 
interosseous  membrane  except  along  its  upper  sixth.  It  begins  at  the  anterior 
lip  of  the  lesser  sigmoid  cavity  and  descends  external  to  the  tuberosity,  where 
it  gives  attachment  to  the  oblique  ligament.  The  posterior  angle  is  sub- 
cutaneous, and  begins  at  the  apex  of  the  subcutaneous  triangle,  continuing  down 
to  the  lower  end. 

The  portion  of  the  irregularly  concave  anterior  surface  below  the  tuberosity 
and  above  the  pronator  ridge  gives  origin  to  the  flexor  profundus  digitorum;  and 
the  nutrient  branch  of  the  anterior  interosseous  artery  enters  the  bone  in  the 
middle  third  of  this  surface.  The  smoother  inner  surface  is  concave  above  on 
the  inner  side  of  the  coronoid  process,  and  also  gives  origin  by  its  upper  three- 
fourths  to  the  flexor  digitorxim  profundus.  Its  lower  fourth  is  subcutaneous. 
The  posterior  surface  is  marked  by  an  irregular,  nearly  vertical  line  which  is 
very  sharp  at  its  commencement  below  the  hinder  lip  of  the  lesser  sigmoid 
cavity  (supinator  crest),  separating  the  triangle  for  the  insertion  of  the 
anconeus  internally,  from  the  irregular  hollow  below  the  lesser  sigmoid  cavity 
externally,  from  which  the  supinator  brevis  arises.  Below  this,  for  about  the 
lower  two-thirds,  the  space  internal  to  the  line  is  covered  by  the  extensor  carpi 
ulnaris,  while  the  more  irregular  area  on  its  outer  side  is  obliquely  marked  by 
two  short  ridges  descending  to  the  interosseous  edge  which  isolate  from  above 
downwards,  the  areas  of  origin  of  the  extensor  ossis  metacarpi  pollicis,  extensor 
pollicis  longits,  and  extensor  indicis,  the  last  of  which  occupies  more  than  half  of 
the  line. 

The  small  lower  end  presents  (1)  a  convex  articular  circumference,  directed 
towards  the  radius;  (2)  an  inferior,  somewhat  crescentic  convexity,  separated 
by  synovial  membrane  from  the  triangular  fibro-cartilage  ;  (3)  a  deeply  hollowed 
inner  depression  for  the  attachment  of  the  triangular  cartilage;  (4)  a  cylindroid 
styloid  process,  whose  posterior  surface  is  continuous  with  the  subcutaneous 
area  and  whose  anterior  surface  also  gives  attachment  to  the  cartilage,  and 
which  is  grooved  behind  for  the  tendon  of  the  extensor  carpn  idnaris. 
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The  curve  of  the  lesser  sigmoid  cavity  forms  about  8o°  of  a  circle  of  13  mm.  radius,  that  of 
the  greater  forms  1300  of  10  mm.  The  articulation  at  the  lower  end  presents  nearly  1500  of  a 
circle  of  1  cm.,  and  in  females  often  appears  sub-globular. 

Development. — The  shaft  of  the  ulna  begins  to  ossify  in  the  eighth  week;  a  second 
nucleus  appears  at  the  lower  end  about  the  fourth  year,  which  joins  the  shaft  at  twenty  ;  a 
third  centre  forms  at  the  top  of  the  olecrauon  at  ten,  which  unites  at  seventeen.     Most  of 
the  olecranon,  however,  is  ossified  from 
the  shaft,  and  very  little  of  the  epiphysis  Humerus 

enters  into  the  elbow-joint,  which  is 
peculiar  as  being  essentially  a  shaft 
articulation.  In  the  styloid  process  an 
accessory  terminal  centime  is  not  un- 
common, appearing  at  twelve  and  joining 
the  rest  of  the  epiphysis  at  sixteen. 

The  ulna  articulates  with  two  bones 
and  one  cartilage,  gives  insertion  to 
three  muscles,  and  origin  to  ten. 

95.  THE   ELBOW-JOINT  is 

structurally  single,  with  one 
synovial  cavity  and  suite  of  liga- 
ments, but  is  functionally  complex, 
and  made  up  of  three  joints  which 
differ  in  the  kind  and  degree  of 

their  motions.  The  humero-ulnar  joint  is  a  screw  ginglymus,  allowing  of 
flexion  and  extension  only ;  the  humero-radial  is  an  enarthrosis  wherein  the 
socket  travels  on  the  ball  and  can  be  rotated  as  well  as  flexed ;  while  the 
radio-ulnar  is  a  trochoid  wherein  the  radial  head  rotates,  around  its  own 
vertical  axis,  upon  the  ulna.  The  joint  is  protected  behind  by  the  triceps, 
internally  by  the  muscles  arising  from  the  inner  epicondyle,  in  front  by  the 
brachialis  anticus  and 
biceps,  and  externally  by 
the  muscles  attached  to 
the  outer  epicondyle. 
Beneath  these  the  joint 
is      surrounded     by     a 

capsular  ligament  of 

unequal  thickness;  here 
and  there  strengthened 
peripherally  by  accessory 
ligaments,  and  internally 
by  fat-holding  synovial 
folds.  This  capsule  is 
attached  above  to  a  line 
on  the  humerus,  which 
arches  over  the  coronoid 
and  radial  foss?e  in  front, 
and  which  crosses 
through  the  upper  part 
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Fig.  242. — Coronal  section  through  the  right  elbow. 


of  the  olecranon  fossa  behind,  and  on  each  side  skirts  the  lower  surface  of  the 
epicondyles  close  to  their  cartilage-clad  areas.  Below,  it  is  attached  to  the 
ulna  immediately  outside  the  lips  and  edges  of  the  olecranon  and  coronoid  pro- 
cesses, and  around  the  inner  edge  of  the  greater  sigmoid  cavity.  Externally  it 
is  only  attached  to  the  radius  by  weak  areolar  tissue,  being  for  the  most  part 
inserted  into  the  upper  edge  and  outer  surface  of  a  circular  funnel-shaped  band, 
the  Orbicular  ligament  (fig.  244),  which  is  attached  to  the  front  and  hind 
lips  of  the  lesser  sigmoid  cavity,  and  embraces  the  head  and  neck  of  the  radius, 
around  which  it  makes  about  three-quarters  of  a  circle,  its  lower  narrow  border 
tightly   engirdling  the  neck  of  the   bone.       The   entire   inner  surface   of  the 
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orbicular  ligament  is  continuously  lined  by  synovial  membrane,  which  facili- 
tates rotation  of  the  radius. 

The  front  of  the  capsule  is  strengthened  by  oblique  bands  passing  from  the 
front  of  the  inner  epicondyle  to  the  outer  part  of  the  coronoid  process  and 
orbicular  ligament.  These  are  sometimes  called  the  anterior  ligament,  but 
are  inseparable  from  the  rest  of  the  capsule.  They  limit  over-extension,  and 
receive  a  few  fibres  of  the  brachialis  anticus,  which  draw  the  capsule  upwards 
and  forwards  in  flexion.  Internally  the  strong  accessory  fibres  from  the  lower 
surface  of  the  inner  epicondyle  expand  in  a  radiated  manner,  a  strong  anterior 
band  passing  to  the  coronoid,  a  posterior  to  the  olecranon  process,  while  a  few 
vertical  fibres  intersect  these,  passing  from  olecranon  to  coronoid  process, 
and    so    bridging   over   the   internal   notch    of  the    sigmoid   cavity    (oblique 
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Fig.  243. — Posteriorjsurface  of  right  elbow.      wFig.  244. — Anterior  surface  of  right  elbow. 

band  Of  Cooper).  From  this  radiated  ligament,  which,  though  inseparable 
from  the  rest  of  the  capsule,  is  often  called  internal  lateral,  the  flexor 
digitorum  sublimis  arises.  There  are  also  strong,  though  indefinitely  margined 
external  lateral  accessory  fibres  attached  to  the  epicondyle  above,  and  to  the 
orbicular  ligament  and  upper  end  of  the  supinator  ridge  on  the  ulna  below ; 
from  this  the  extensor  digitorum  communis  and  supinator  brevis  arise.  The 
posterior  part  of  the  capsule  is  very  weak,  and  receives  the  insertion  of  a  few 
deep  fibres  of  the  triceps,  which  draw  it  upwards  in  extension. 

If  the  capsule  be  opened  by  detaching  it  from  the  coronoid  and  olecranon 
processes  in  front  and  behind,  three  large  fat-holding  lobes  can  be  seen  on  its 
inner  side.  One  of  these  lies  above  the  olecranon,  and  is  pressed  by  the  triceps 
into  the  olecranon  fossa  in  flexion ;  another  lies  above  the  coronoid  process  to 
fill  the  coronoid  fossa  in  extension,  and  a  third  lies  over  the  radial  fossa.  From 
the  synovial   side  the  internal  lateral  ligament  appears    coarsely  fasciculated. 
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Posteriorly,  a  band  of  the  capsule  (ligamentum  Cruciale)  passes  from  the 
angle  between  the  back  of  the  capitulum  and  the  outer  lip  of  the  trochlea 
to  the  hinder  lip  of  the  lesser  sigmoid  cavity. 

Within  the  joint  are  many  synovial  processes.  Two  masses  of  fat  fill 
respectively  the  inner  and  outer  notches  on  the  floor  of  the  greater  sigmoid 
cavity,  and  an  inflexed  meniscus  lip  of  synovial  membrane  and  connective 
tissue  projects  from  the  upper  edge  of  the  orbicular  ring  between  the  upper 
margin  of  the  radius  and  the  capitulum. 

The  orbicular  ligament,  though  consisting  of  very  definite  fibres,  is  yet 
inseparable  from  the  rest  of  the  capsule,  and  a  weak  lax  portion  of  the  capsule 
(ligamentum  quadratum)  occupies  the  interval  between  the  lower  lip  of  the 
lesser  sigmoid  cavity  and  the  neck  of  the  radius  below  the  sharp-ridged  portion 
of  the  head.  This  limits  to  some  extent  the  range  of  pronation  and  supination. 
Three  twigs  from  the  ulnar,  and  two  from  the  median  nerve,  supply  this  joint. 

Extension  in  the  elbow  is  limited  by  the  tension  of  the  soft  parts  in  front 
when  the  axes  of  the  arm  and  forearm  become  coincident  (p.  44) ;  flexion  can  take 
place  through  140°,  and  is  limited  by  the  tension  of  the  soft  parts  behind  and  the 
ligamentum  cruciale,  as  well  as  by  the  bulging  of  the  anterior  soft  parts.  No 
lateral  motion  is  permitted.  Owing  to  the  obliquity  of  the  trochlea  the  axis  of 
flexion  is  not  at  right  angles  to  the  median  axis  of  the  limb,  hence  when  the 
elbow  is  extended  and  the  hand  supinated  the  axes  of  arm  and  forearm  form  an 
angle  re-entrant  outwards,  more  pronounced  in  the  female  than  in  the  male. 
From  the  shapes  of  the  articular  surface  the  motion  of  the  trochlea  in  the 
sigmoid  cavity  is  that  of  a  screw  in  a  nut;  the  inclination  of  the  screw  averages 
8°,  and  in  the  1400  of  permitted  motion  the  pitch  amounts  to  2-5  mm.;  the 
ulna  slipping  radialwards  in  flexion.  The  right  elbow  is  a  right-handed  screw, 
the  left  a  left-handed. 


96.  RADIO-ULNAR  LIGAMENTS.— The  orbicular  ligament  is  the  only 
band  of  the  upper  radio-ulnar  joint.  The  shafts  of  the  two  bones  are  tied 
together  by  the  oblique  and  interosseous  ligaments.  The  oblique  ligament 
is  a  specialised  and  strengthened  band  of  the 
fascia  over  the  supinator  brevis  arching  over  the 
insertion  of  the  biceps  tendon.  It  passes  down- 
wards and  outwards  from  below  the  tuberosity 
of  the  ulna  to  below  the  tubercle  of  the  radius. 
The  interosseous  ligament  consists  of  several 
planes  of  fibres  which  pass  chiefly  from  the  radius 
downwards  to  the  ulna,  the  topmost  band  passing 
from  the  infratubercular  area  downwards  to  the 
outer  edge  of  the  ulna  at  the  point  of  union  of 
the  interosseous  and  supinator  ridges. 

The  two  bones,  originally  close,  have  divari- 
cated in  the  course  of  growth,  and  the  inter- 
osseous space  in  the  adult  has  become  widest 
at  the  middle  third.  It  is  narrowed  in  pronation. 
Decussating  ulno-radial  bands  cross  the  back  of 
the  membrane  in  the  spaces  between  the  extensors 
of  the  thumb,  and  derived  from  their  sheaths. 
The  uppermost  of  these  is  much  the  strongest, 
artery  which  lies  in  front  of  the  sheath  is  often  bridged  over  by  superficial 
fibres,  especially  at  its  lower  part.  From  the  front  surface  of  the  interosseous 
membrane  the  flexor  digitorum  jjrofundios  arises,  from  the  back  the  extensor 
ossis  metacarpi  pollicis  and  the  extensor  pollicis  minor.  The  obliquity  of  the 
fibres  usually  increases  from  below  "upwards. 


Fig.  245.  —  Horizontal  section 
through  left  elbow,  § — a,  an- 
coneus ;  c,  coronoid  process  ;  o, 
olecranon ;  o.  /,  orbicular  liga- 
ment ;  r,  head  of  radius ;  s, 
supinator  brevis ;  t,  trochlea 
surface  of  great  sigmoid  cavity; 
u,  ulnar  nerve. 

The   anterior  interosseous 


i54 


CARPAL    BONES. 


The  lower  radio-ulnar  joint  is  small,  and  separated  from  the  wrist  proper 
by  the  triangular  cartilage.  The  head,  formed  by  the  ulnar  capitulum,  rotates 
in  a  socket  formed  by  the  radial  sigmoid  cavity  and  the  cartilage  below.  The 
surfaces  are  not  congruous,  and  the  intervals  are  filled  by  synovial  processes. 
The  capsular  ligament  is  loose,  especially  in  front  (membrana  saeciformis), 
and  continuous  below  into  the  border  of  the  cartilage  and  the  capsule  of  the 
wrist.     The  anterior  interosseous  nerve  supplies  this  joint. 

In  pronation  and  supination  the  ulna  is  not  quite  at  rest,  but  as  the  axis  of 
motion  traverses  the  shaft  and  lower  end  of  this  bone  external  to  the  styloid 
process,  so  this  process  can  be  felt  to  rotate  a  little  in  the  opposite  direction, 
the  ulna  receiving  a  lateral  thrust  when  the  long  axis  of  the  radial  head 
is  turned  transversely,  and  being  also  affected  by  the  traction  of  pronator 
quadratus  and  supinator  brevis.  The  styloid  process  of  the  radius  can 
Ordinarily  be  carried  through  1650,  that  of  the  ulna  through  550. 

97.  THE  BONES  OF  THE  HAND  are  arranged  in  three  series— proxi- 
mally  there  are  eight  carpal  bones  forming  the  wrist;  medially  there  are  five 
metacarpals  forming  the  palm;  distally  there  are  fourteen  phalanges  forming 
the  skeleton  of  the  fingers — three  in  each  finger,  two  in  the  thumb. 

The  Carpals  are  short  polygonal  bones  composed  of  round-meshed  can- 
cellous tissue  included  in  a  compact  layer.  Collectively  they  form  an  arch 
concave    forwards,   the   scaphoid   and   trapezium  externally,   the   pisiform  and 


Fig.  246.  — Front  view  of  right  carpal  bones  and  the  proximal  extremities  of  the 
metacarpal  bones,  \. 

unciform  internally  projecting  as  its  lateral  piers,  which  are  united  by  the 
anterior  annular  ligament,  and  thus  bound  a  canal  which  transmits  the  flexor 
tendons  and  the  median  nerve.  The  usually  larger  dorsal  and  the  more 
irregular  palmar  surfaces  of  these  bones  are  rough  for  the  attachment  of 
ligaments,  while  their  lateral  borders  are  articular  and  covered  with  cartilage. 

The  student  will  find  it  advantageous  to  provide  himself  with  a  separate  as  well  as  an 
articulated  series,  and  to  mark  on  each  part  of  these  the  number  indicating  that  part  iu  the 
annexed  description.  To  distinguish  the  side  to  which  a  bone  belongs  it  should  be  placed 
as  in  situ,  its  surfaces  being  recognised.  Discrimination  of  the  right  and  left  bones  is  only 
iiseful  as  a  test  of  knowledge  of  the  bones,  and  any  system  of  memoria  iechnica  for  the 
purpose  apart  from  this  is  valuek  ss.  In  the  subjoined  description  the  bones  are  taken  from 
the  radial  to  the  ulnar  side  in  each  row.. 


FIRST    ROW    OF    CARPAL   BONES. 
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Scaphoid,  (fig.  246,  1). — The  largest  bone  in  the  first  row  presents — (i)  a 
distal  concave  facet  for  the  magnum  (c)  ;  (2)  an  ulnar  crescentic  marginal 
facet  for  the  semilunar  (d) ;  ^3)  a  proximal  oval  convexity  for  the  radius  (6) ; 
(4)  a  dorsal  triangular  articular  surface  divided  by  a  faint  sagittal  ridge  into 
two  facets,  the  radial  for  the  trapezium  (fig.  247,  5),  the  ulnar  for  the 
trapezoid  (6);  (5)  a  dorsal  transverse  ridge  between  3  and  4  for  ligaments 
(I) ;  (6)  a  palmar  radial  tubercle  palpable  through  the  skin  (fig.  247,  b)  : 
(7)  a  rough  linear  border  for  interosseous  ligaments  between  2  and  3. 

Semilunar  (Os  Intermedium). — This  bone  (fig.  246,  2)  presents — (1)  a 

distal  articular  concavity  for  the  magnum  (b);  (2)  a  crescentic  radial  facet 
for  the  scaphoid;  (3)  a  quadrate  convex  proximal  facet  for  the  radius  (a); 
(4)  a  semicircular,  ulnar  surface  for  the  cuneiform  (d) ;  (5)  a  distal  bevelled 
articular  margin  for  the  unciform  (c) ;  (6)  a  small  flat  non-articular  dorsal 
surface;  (7)  a  larger  rounded  non-articular  palmar  surface,  whose  sides  are 
cut  so  obliquely  that  its  distal  extremity  is  made  to  point  radialwards  towards 
the  thumb.  Facets  2  and  4  are  separated  respectively  from  3  by  rough  edges 
above  for  ligaments.  The  bone  is  distinctly  crescentic  when  seen  from 
the  side. 

Cuneiform  (Pyramidal  or  Os  Ulnare — fig.  246,  3)  presents — (1)  a  basal 

semicircular  radial  surface  for  the  semilunar  (b) ;  (2)  a  large  triangular  undulated 
articular  surface  directed  distally  and  radially  for  the  unciform  (c);  (3)  a  de- 
tached elliptical  palmar  facet  for  the  pisiform  (d);  (4)  a  rough  proximo-ulnar 


Fig.  247.  — Back  view  of  the  bones  of  the  right  carpus 
and  the  proximal  extremities  of  the  metacarpal 
bones.     The  bones  are  numbered  as  in  fig.  246. 


II. 


Fig.  248. — Back  view  of  left  carpus,  the 
two  rows  separated  from  each  other — 
L,  first  row — 1,  scaphoid;  2,  semilunar; 
3,  cuneiform;  4,  pisiform.  II.,  second 
row — 1,  trapezium;  2,  trapezoid;  3, 
magnum ;  4,  unciform. 


surface  whose  proximal  third  is  covered  with  fibro-cartilage  (a)  and  synovial 
membrane  to  articulate  with  the  triangular  cartilage  above ;  the  ulnar  portion 
is  ridged  distally,  and  gives  attachment  to  ligaments  (fig.  247).  To  none  of 
these  three  bones  are  any  muscles  attached. 

Pisiform  (fig.  246,  4)  is  an  elongated  bony  nodule  whose  axis  points  obliquely 
downwards  and  radialwards.  It  has  (1)  a  dorsal  articular  facet  for  the  cuneiform 
(a),  which  extends  to  its  proximal,  but  not  to  its  distal  end  ;  (2)  a  tuberous  distal 
end  for  the  piso-unciform  ligament ;  (3)  a  shallow  groove  for  the  ulnar  artery 
on  its  radial  side ;  (4)  an  inflexed  and  down  directed  apex  pointing  a  little 
palmwards  and  distally,  forming  the  end  of  a  ridge  from  which  the  abductor 
minimi  digiti  arises  distally,  and  into  which  the  tendon  of  flexor  carpi  ulnaris 
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is  inserted  proximally.     The  appearance  of  flattening  is  due  to  the  obliquity  of 
the  ridge  between  the  two  muscular  attachments. 
The  bones  of  the  second  row  are — 

Trapezium  (Os  Carpale  primum— fig.  246,  5);   this  presents — (1)  a 

concave  proximal  facet  for  the  scaphoid;  (2)  a  quadrate  radial  facet  for  the 
trapezoid  (fig.  246,  c);  (3)  a  large  saddle-shaped  distal  surface  for  the  first 
metacarpal  (d);  (4)  a  small  angular  facet  on  the  projecting  distal  angle 
for  the  second  metacarpal  (fig.  247,  between  9  and  10);  (5)  a  deep  palmar 
groove  lined  with  cartilage  for  the  flexor  carpi  radialis  tendon  (fig.  246,  b); 
(6)  a  ridge  overhanging  this  on  its  radial  side  for  ligaments  and  giving  origin  to 
a  slip  of  the  flexor  brevis,  to  the  opponens  and  abductor  pollicis,  and  to  the  ligament 
for  the  first  metatarsal  (a);  (7)  a  concave  rough  radial  side  giving  origin  to  the 
opponens  pollicis;  (8)  a  rough  bituberculated  dorsal  surface,  to  the  radial 
protuberance  (fig.  247,  a)  on  which  the  ligamentum  radiale  is  attached,  while 
the  ulnar  is  for  the  trapezio-trapezoid  ligament.  This  surface  is  ventrally 
directed  in  pronation  (fig.  247,  5).  The  trapezium  gives  origin  by  its  ridge 
to  three  muscles. 

Trapezoid  (Os  Carpale  secundum— fig.  246,  6),  the  smallest  bone  of  this 

row,  presents — (i)  a  large  saddle-shaped  distal  articular  surface  for  the  second 
metacarpal;  (2)  a  radial  articular  surface  for  trapezium  (a);  (3)  an  ulnar  flat 
surface  for  the  magnum  (c);  (4)  a  proximal  surface  for  the  scaphoid  (b);  (5)  a 
small  anterior  surface  which  is  rough  for  ligaments,  and  is  prolonged  as  a 
characteristic  triangular  patch  downwards  and  outwards  between  facets  1  and  2  ; 

(6)  a  large  rough,  roundish,  dorsal  surface  for  ligaments. 

Magnum  (Os  Carpale  tertium — fig.  246,  7),  the  largest  of  the  carpals, 

consists  of  a  proximal  rounded  head  and  a  distal  quadrate  body.  On  the  former 
are — (1)  a  convex  radial  facet  fitting  into  the  concavity  of  the  scaphoid  (£>);  (2)  a 
similar  ulnar  facet  continuous  with  the  last,  fitting  into  the  concavity  of  the 
semilunar  (a).  On  the  body  are  (3)  a  radial  quadrate  facet  for  the  trapezoid  (c); 
(4)  a  long  ulnar  facet  continuous  along  its  whole  hinder  margin  for  the 
unciform  (d).  On  its  distal  extremity  are  three  facets — (5)  a  large  triangular 
surface  for  the  third  metacarpal  (_/);  (6)  a  marginal  radial  facet  for  the  ulnar 
edge  of  the  second  metacarpal ;  (7)  a  small  posterior  ulnar  facet,  sometimes 
absent,  for  the  dorsal  radial  angle  of  the  fourth  metacarpal.  (8)  The  dorsal 
surface  is  wide,  flat,  and  rough  for  ligaments ;  (9)  the  palmar  surface  is 
tuberous,  and  gives  origin  to  the  adductor  obliquus  and  flexor  brevis  pollicis  (e)  ; 
(10)  a  deeply  indented  area  for  interosseous  ligaments  separates  facets  1  and 
3,  extending  from  surface  8  to  9;  (11)  there  is  a  similar  rough  area  in  front 
of  4. 

Unciform  (Ossa  Carpalia  quartum  et  quintum— fig.  246,  8),  a  wedge- 
shaped  bone  with  its  base  towards  the  fingers,  presenting  (1)  an  ulnar  undulated 
articular  surface  for  the  cuneiform  (a);  (2)  an  apical  bevelled  articular  strip  for 
the  semilunar  (6);  (3)  a  long,  flat,  radial  surface  wide  above,  for  the  magnum ; 
(4  and  5)  two  distal  facets  separated  by  a  sagittal  ridge  for  the  fourth  and  fifth 
metacarpals  (c  and  d);  (6)  a  prominent  hook-like  palmar  process,  whose 
concavity  looks  radially,  and  which  is  rooted  nearer  to  the  distal  than  to 
the  proximal  end  of  the  bone  (e).  To  this  unciform  process  the  anterior 
annular  ligament,   the   opponens  and   the  flexor   minimi  digiti  are  attached ; 

(7)  a  rough,  flatfish,  bituberculated  dorsal  surface  for  ligaments. 

The  numbers  of  bones  with  which  the  carpal  bones  articulate  are  as  follows  :-— Scaphoid  5, 
semilunar  5,  cuneiform  3,  pisiform  1,  trapezium  4,  trapezoid  4,  magnum  7,  unciform  5. 
Scaphoid,  semilunar,  cuneiform,  and  trapezoid  give  origin  to  no  muscles  ;  trapezium  gives 
origin  to  3,  os  magnum  to  1,  unciform  to  2,  pisiform  to  2.  Pisiform  alone  gives  insertion  to 
one  muscle. 

Morphology    Of   the    Carpal    Bones.— The  carpal  boues  form  a  threefold  base  of 
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support  for  the  fingers,  the  scaphoid  bears  distally  carpals  I  and  II  and  metacarpals  I  and  II, 
with  their  appended  thumb  and  index  finger.  The  intermedium  bears  carpal  III,  meta- 
carpal III,  and  the  middle  finger.  The  ulnare  bears  the  unciform  and  metacarpals  IV  and 
V,  with  the  ring  and  little  fingers.  These  three  areas  represent  different  portions  of  the 
hand,  the  outer  portion  is  progressive,  tending  to  increase  in  the  specialisation  of  its  parts ; 
the  second  part  is  medial,  the  axis  of  motion  ;  while  the  third  part  is  retrogressive,  its  parts 
tending  to  coalescence  and  degeneration. 

The  carpals  appear  first  as  nine  centres  of  chondrihcation  in  the  mesoblast,  these  are 
radiale,  intermedium,  idnare ;  below  the  radiale  is  the  first  carpal  and  the  centrale ;  below 
the  centrale  is  a  second  carpal,  below  the  intermedium  is  a  third  carpal,  and  below  the  ulnare 
are  carpalia  four  and  five,  which,  however,  are  united  even  from  the  first.  In  the  normal 
human  embryonic  carpus  there  is  no  trace  of  the  second  centrale.  The  ninth  is  the  pisiform, 
probably  the  rudiment  of  a  sixth  digit,  although  from  its  condition  it  has  come  to  simulate  a 
sesamoid  bone.  The  radiale  and  centrale  unite  and  form  the  scaphoid,  which,  like  the 
unciform,  is  thus  a  compound  bone,  though  ossifying  from  a  single  centre.  Ossification  begins 
by  a  single  centre  in  each  bone,  in  the  magnum  at  eight  months  after  birth,  in  the  unciform 
at  one  yeai",  in  the  cuneiform  at  three,  the  semilunar  and  trapezium  at  five,  the  scaphoid 
at  six,  the  trapezoid  at  eight,  and  the  pisiform  at  twelve  years  of  age. 


98.  THE    METACARPALS  are  modified  long  bones,  each  presenting  the 

following  parts : — (1)  An  angularly   cut   proximal  extremity,  broader  on  its 

dorsal  than  on  its  palmar  surface,  with  proximal  articular  facets  for  the  carpals, 

and  lateral  facets  for  the   neighbouring  meta- 
carpals,   below    which    are    rough    spaces    for 

ligaments ;     (2)    a    triquetrous    shaft,     slightly 

concave  towards  the  palm,  presenting  on  this 

aspect    a    sharp    ridge    separating    two    lateral 

sloping  surfaces  for  interossei  muscles.     Dorsally, 

each  exhibits  a   flat   triangular   area   bounded 

by  two  lines  which  converge  to  a  ridge  above, 

but  diverge  distally  and  end  on  each  side  in  a 

supra-articular    dorsal    tubercle ;    (3)    a    distal 

rounded  head,  somewhat  quadrate  in  outline, 

flattened  and  marked  by  a  pit  for  a  ligament  at 

each  side,  with  its  articular  surface  extending 

further  on  its  palmar  than  on  its  dorsal  aspect, 

projecting   in  front    into   two    lateral    cornua, 

which  are  separated    by  a  flexor  groove,   and 

articulating  with  the  proximal  phalanx.      The 

second  is  the  longest ;  the  third,  fourth,  fifth, 

and  first  being  successively  shorter.     The  first 

is  the  thickest  and  strongest,  and  ossifies  from 

two   centres,    a   shaft   centre    and    a   proximal 

epiphysis,  while  each  of  the  others  develope  from 
a  shaft  centre  and  a  distal  epiphysis. 

The  first  metacarpal  diverges  from  its  fellows  and  its  palmar  aspect  looks 
ulnawards.  It  presents  (1)  a  proximal  saddle  facet  for  the  first  carpal,  with  a 
prominent  palmar  beak  for  ligaments  nearer  its  ulnar  than  its  radial  surface  ; 
(2)  externally  there  is  a  proximal  tubercle  for  the  extensor  ossis  metacarpi 
pollicis  ;  (3)  its  radial  surface  is  wider  and  has  a  gentler  slope  than  the  ulnar, 
and  receives  the  insertion  of  the  opponens  pollicis  ;  (4)  its  dorsal  surface  is  flat ; 
(5)  its  carpal  end  has  no  lateral  facets ;  (6)  its  head  is  flatfish,  with  two  very- 
distinct  palmar  cornua  for  the  two  sesamoid  bones ;  the  outer  cornu  being  the 
more  prominent.     Its  nutrient  artery  descends  on  its  ulnar  side. 

Its  carpal  end  is  convex  transversely,  the  curve  being  1170  of  a  circle  of  12 
mm.  radius,  being  thus  a  larger  area  of  a  smaller  circle  than  the  corresponding 
curve  of  the  trapezium ;  sagittally  it  is  concave,  its  curve  being  900  of  a  circle 
of  16  mm.,  corresponding  thus  to  the  trapezium  curve  (fig.  80,  p.  44). 


Fig.  249. — Skeleton  of  left  hand  ; 
hinder  view.  Numbers  as  in 
fig.  246. 
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The  second  metacarpal  presents  (1)  a  wide  base,  centrally  hollowed  to 
sit  on  the  ridge  on  the  trapezoid ;  (2)  a  long,  marginal,  proximal  ulnar  facet  for 
the  third  carpal ;  (3)  a  very  small  radial  facet  for  the  first  carpal,  behind  which 
is  (4)  a  tubercle  for  the  insertion  of  the  extensor  carpi  radialis  longior;  while  (5) 
on  its  palmar  side  is  a  wider  tubercle  for  the  insertion  of  the  flexor  carpi 
radialis;  (6)  its  outer  distal  cornu  is  longer  than  its  inner;  (7)  below  the  facet 
for  the  third  carpal  is  a  bilobed  lateral  facet  for  the  third  metacarpal ;  (8)  its 
nutrient  canal  ascends  on  its  ulnar  surface. 

The  third  metacarpal  (tig.  247,  11)  presents  (1)  a  styloid  process  (a)  on  the 
dorsal  surface  of  the  radial  side  of  its  base,  into  which  the  extensor  carpi  radialis 
brevior  is  inserted.  This  has  occasionally  an  independent  centre  of  ossification. 
(2)  A  terminal  facet  for  the  third  carpal ;  (3)  a  bilobed  facet  for  the  second 
metacarpal  on  its  radial  side ;  (4)  two  oval  facets,  one  dorsal  and  one  palmar, 
on  its  ulnar  side  for  the  fourth  metacarpal ;  (5)  its  palmar  ridge  is  prominent 
for  the  adductor  transversus  ;  (6)  its  nutrient  artery  ascends  on  its  radial  side. 

The  fourth  metacarpal,  slender,  with  a  square  cut  base,  presents  (1)  a 
terminal  facet  for  the  unciform;  (2)  a  posterior  facet  radially  for  the  third 
carpal ;  (3)  two  radial  facets  for  the  third  metacarpal ;  (4)  a  single  ulnar  facet 
for  the  fifth.     Its  nutrient  artery  ascends  on  its  radial  side. 

The  fifth  metacarpal  has  no  ulnar  lateral  facet,  but  (1)  a  terminal  surface 
for  the  unciform ;  (2)  a  radial  facet  for  the  fourth  metacarpal ;  (3)  a  palmar 
ridge  for  the  opponens  minimi  digiti.  Its  nutrient  artery  ascends  on  its  radial 
side. 

The  1st  metatarsal  articulates  with  4  bones,  gives  origin  to  1  muscle,  and  insertion  to  2. 
,,    2nd  „  „  5         „  ,,4         „  „  2. 

„    3rd  »  >>  4  4         „  „  i- 

3,    4th  .,  ,,  5         ,,  ,,  3         ,,  ,,  o. 

,,     5th  „  >>  3         »  2         »  »  2. 

99.  THE  PHALANGES  are  three  in  each  finger,  proximal,  medial,  and 
distal,  and  two  in  the  thumb,  proximal  and  distal.  Each  proximal  or  first 
phalanx  has  a  semi-cylindfical  shaft,  whose  flat  side  is  palmar,  its  convex  side 
dorsal.  On  its  proximal  end  is  a  single,  transversely  elongated  concavity, 
whose  curve  makes  a  smaller  arc  of  a  larger  circle  than  the  corresponding 
metacarpal  head.  On  each  side  of  this  in  front  are  two  tubercles,  from  which 
the  lateral  sharp  margins  begin  and  descend  to  the  distal  end,  which  exhibits 
a  bilobed  articular  trochlea,  medially  depressed  like  a  section  of  a  transversely 
placed  dice-box.  The  articular  surface  is  wider  and  is  more  proximally 
extended  on  its  palmar  side  than  on  its  dorsal. 

Each  of  these  bones  developes  from  two  centres,  one  chief  centre  for  the 
shaft,  which  appears,  in  the  ninth  week,  and  a  secondary  proximal  centre 
appearing  in  the  third  year,  consolidating  at  twenty.  The  nutrient  artery 
ascends  in  each.  The  proximal  phalanx  of  the  third  finger  is  the  longest, 
then  that  of  the  fourth,  then  the  second,  then  the  fifth,  and  lastly  the  first. 
That  of  the  thumb  is  the  broadest,  with  a  flat,  proximal  articular  surface, 
having  a  large  dorsal,  radial  tubercle  for  the  extensor  pollicis  minor,  and  "a  large 
palmar  ulnar  tubercle.  That  of  the  index  has  a  larger  radial  than  ulnar 
basal  tubercle;  they  are  less  'disproportionate  in  the  middle  finger,  sub-equal 
in  the  ring,  and  in  the  little  the  ulnar  exceeds  the  radial.  The  trochlear 
joint  surface  is  also  unequally  lobed  in  each  finger,  and  thereby  each  bone 
jnay  be  recognised. 

The  medial  or  second  phalanges,  also  semi-cylindrical,  have  each  a 
double  concavity  at  the  proximal  end,  with  a  median  dorsal  projection  for  the 
insertion  of  the  extensor  tendon,  supplemented  by  tendons  of  the  interossei- 
and  lumbricales ;  the  lateral  ridges  are  rough  for  the  flexor  sublimis  dig itorwm- 
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tendon.  The  distal  end  is  trochlear,  but  smaller  than  that  of  the  first  phalanx. 
The  medial  phalanges  of  the  middle  and  ring  fingers  are  nearly  equal  in 
length ;  that  of  the  second  is  stouter,  but  shorter,  and  the  fifth  is  the  smallest. 
Their  shafts  ossify  in  the  tenth  week,  and  a  proximal  epiphysis,  often  absent 
in  the  little  finger,  appears  at  four  years,  and  consolidates  about  twenty. 

Each  ungual  or  third  phalanx  presents  (1)  a  transverse  proximal  con- 
cavity of  two  hollows  to  fit  the  trochlea  of  the  second  phalanx ;  (2)  a  proximal 
transverse  tubercle  on  its  palmar  surface  for  the  tendon  of  the  flexor  profundus 
digitorum ;  (3)  a  horse-shoe  shaped  terminal  ungual  process,  convex  dorsally 
to  bear  the  nail  and  its  matrix,  rough  on  its  palmar  side  to  be  fastened  by 
diverging  fibres  to  the  pulp  of  the  finger.  That  of  the  thumb  is  the  largest  and 
widest,  then,  in  order,  those  of  the  middle,  ring,  index,  and  little  fingers. 
Ossification  begins  distally  in  the  tenth  week,  and  spreads  proximally ;  a 
proximal  epiphysis  usually  appears  at  five,  and  consolidates  at  nineteen. 

Each  proximal  and  medial  phalanx  articulates  with  two  bones  ;  into  each  proximal 
phalanx  are  inserted  parts  of  two  muscles  ;  into  each  medial  phalanx  four  muscles  are  inserted  ; 
into  each  ungual  phalanx  two  tendons  are  inserted,  and  each  only  articulates  with  one  bone. 
No  muscle  arises  from  any  phalanx. 

At  the  base  of  the  first  joint  of  the  thumb  are  two  sesamoid  bones,  the  outer 
longer  and  narrower,  the  inner  broader  and  shorter.  They  have  each  a  facet  to 
articulate  with  the  cornua  of  the  distal  metacarpal  surface,  and  a  distal 
tuberosity  for  ligaments.  They  appear  as  centres  of  chondrification  at  two 
years  of  age,  and  begin  to  ossify  at  eleven. 

100.  THE  WRIST-JOINT,  unlike  the  elbow,  is  functionally  simple,  though  structurally 
complex.  The  movements  of  the  hand  on  the  forearm  are  flexion  and  extension  through 
75°  and  40°  respectively ;  adduction  through  550,  and  abduction  through  25°.  These 
motions  are  distributed  through  three,  sets  of  joints,  the  radio-carpal,  intercarpal,  and  carpo- 
metacarpal, which  are  closely  related  and  move  simultaneously.  In  the  radiocarpal, 
rotation  can  take  place  through  12° ;  in  the  second,  through  io° ;  in  the  third  no  rotation  is 
permitted,  except  in  that  of  the  thumb,  and  that  but  slight.  Motion  in  the  wrist  is  really 
along  a  spiral  line,  with  a  translation  of  20  mm.  on  a  spindle  of  30  mm.  radius. 

The  wrist  is  separated  from  the  lower  radio-ulnar  joint  by  the  triangular 
Cartilage,  which  is  attached  by  an  apex  about  3  mm.  thick  to  the  styloid 
process  of  the  ulna,  expanding  thence  to  a  thin  base  which  is  attached  to  the 
margin  of  the  sinus  lunatus  radii,  where  the  fibro-cartilage  blends  with  and 
infects  the  hyaline  cartilage  for  some  little  distance.  Its  lower  surface  makes 
thus  a  continuation  inwards  of  the  lower  surface  of  the  radius.  At  the  ulna 
the  apex  divides  into  two,  one  part  is  attached  to  the  groove  at  the  base  of  the 
styloid  process,  the  other  to  the  front  of  the  process  ;  between  these  two  is  a 
small  mass  of  vascular  areolar  tissue,  ligamentum  SUbCPUentum.  Over 
this  cartilage  the  ulna  moves  as  one  joint  of  a  fan  moves  on  another;  the  axis 
of  rotation  being  the  ulnar  attachment  of  the  cartilage. 

The  wrist  is  protected  by  strong  tendons,  internally  those  of  the  extensor 
and  flexor  carpi  ulnaris;  anteriorly  the  flexor  digitorum  profundus,  flexor  digi- 
torum sublimis,  palmaris  longus,  flexor  carpi  radialis.  Externally  the  extensor 
ossis^  metacarpi  pollicis  and  extensor  pollicis  minor,  the  extensor  carpi  radialis 
longior  and  brevior,  and  the  extensor  pollicis  major;  posteriorly  the  extensor 
digitorum  communis,  extensor  indicts,  and  extensor  minimi  digiti. 

Beneath  these  the  bones  are  tied  together  by  the  capsular  ligament, 
composed  of  many  fascicles  varying  in  strength  and  direction,  which,  although 
often  unnecessarily  divided,  are  not  separable  into  distinct  ligaments.  These 
proceed  for  the  most  part  from  the  radius  and  edges  of  the  triangular  cartilage 
to  the  first  row  of  the.  carpals.  A  strengthened  band  (fig,  250,  4)  passes 
obliquely  downwards  and  inwards  in  front,  from  the  radius  to  the  semilunar 
and.  magnUm  (ligamentuni  arcuatum),  another  from  the  styloid  process  of  the 
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radius  to  the  tubercle  of  the  scaphoid  (external  lateral,  7),  a  third  series  of 
fibres  dorsally  pass  obliquely  from  the  radius  to  the  semilunar  and  cuneiform 
(ligamentum  rectum — fig.  251,  2);  a  fourth  extends  from  the  tip  of  the  styloid 
process  of  the  ulna  to  the  cuneiform  constitutes  the  internal  lateral  ligament. 

On  opening  the  joint  by  cutting  through  the  capsule  dorsally  three  bands  of  the  capsule 
are  seen  to  project  into  the  cavity  of  the  joint,  one  from  the  radial  styloid  to  the  os  magnum, 
and  two,  an  inner  and  outer,  from  the  radius  to  the  semilunar.  The  synovial  membrane 
appears  much  folded  and  fringed,  especially  on  its  posterior  wall. 

The  bones  of  the  first  row  of  the  carpus  are  united  together  by  marginal 
scapho-semilunar  and  semiluno-cuneiform  interosseous  ligaments,  which  surround 


Fig.  250. — Ligaments  in  front  of  the 
wrist-joint — A,  ulna;  B,  radius;  1 
and  2,  anterior  annular  ligament  cut 
through  at  12 ;  3,  radio-cuneiform 
fibres  of  capsule  ;  6,  intermetacarpal 
ligament ;  10,  unciform-metacarpal 
ligament. 


Fig.  251. — Ligaments  of  the  back  of  the 
wrist — 3,  posterior  surface  of  external 
lateral  ligament;  4,  slips  of  posterior 
intercarpal  ligament  radiating  from  the 
back  of  the  magnum ;  5,  cuneiform- 
metacarpal  slip ;  6,  ttrapezio-trapezoid 
ligament. 


their  contiguous  facets  proximally,  and  so  enable  the  bones  to  present  a  con- 
tinuous surface  towards  the  wrist  (fig.  252,  c),  while  their  intervening  cavities 
are  open  distally  to  the  intercarpal  joint. 

The  wrist  surface  represents  no0  of  a  circle  whose  radius  is  29  mm.,  while  the  cavity 
formed  by  the  radius  and  cartilage  —  69°  of  a  circle  of  42  mm.  radius. 

The  pisiform  has  a  synovial  cavity  and  capsule  of  its  own,  tying  it  to  the 
cuneiform.  It  gives  attachment  also  to  a  strong  piso-unciform  ligament  (fig. 
250,  11)  fixing  its  lower  end  to  the  proximal  edge  of  the  hook  of  the  unciform. 
On  a  deeper  level  and  external  is  a  slender  piso-carpal  ligament,  attached 
distally  to  the  third  carpal,  while  internally  is  a  stronger  piso-metacarpal 
ligament  passing  to  the  fifth  metacarpal  (8,  9). 

The  ligaments  of  the  intercarpal  joint  are—  1.  Dorsal,  consisting 

mostly  of  transverse  fibres  which  pass  from  the  cuneiform,  unciform,  and  the 
head  of  the  fifth  metacarpal  to  the  dorsal  ridges  on  the  scaphoid,  trapezium, 
and  trapezoid,  as  well  as  by  festooned  slips  to  the  metacarpals  I  and  II,  and 
to  the  back  of  the  magnum.  This  ligament  is  thin  and  variable,  covering 
a  loosely-folded  synovial  membrane. 

2.  Palmar  intercarpal  consists  of  fibres  radiating  from  the  tuberosity  of 
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the  magnum  to  all  the  surrounding  bones,  hence  it  is  sometimes  called  liga- 
mentum  radiatum  (fig.  250,  5).  They  are  attached  to  the  scaphoid,  semilunar, 
and  cuneiform  above,  to  the  unciform,  metacarpals  II,  III,  IV,  and  V,  trape- 
zium, and  trapezoid  below.  3.  Between  these  bones  are  five  interosseous 
ligaments,  a  strong  palmar  between  the  unciform  and  magnum  (fig.  252,  u), 
and  a  weaker  dorsal ;  a  palmar  and  dorsal  between  the  magnum  and  trapezoid, 
and  a  dorsal  between  the  trapezium  and  trapezoid. 

The   Synovial  cavities  in  contact  with  the  carpal  bones  are   five:    1st, 
that  in  the  radio-carpal  joint  (fig.   252,  2);   2nd,  the  piso-cuneiform ;   3rd,  the 
trapezio-metacarpal ;  4th,  a  common  intercarpal  cavity  extending  between  the 
first  and   second   row,  sending  two   proximal 
pouches  between  the  bones  of  the  first  row, 
and  one  large  prolongation  downwards  between 
the    magnum    and    trapezoid    which    expands 
distally  between  the  carpals  and  outer  meta- 
carpals (3);  5th,  the  fourth  and  fifth  metacarpals 
have  usually  a  separate  synovial  cavity  between 
their  bases  and  the  unciform  (5).    The  synovial 
cavity  of  the  inferior  radio-ulnar  joint  (1)  com- 
municates with  the  radio-carpal  cavity  in  about 
three  per  cent,  of  hands. 

The  earpo-metacarpal  ligaments  are 

palmar,  dorsal,  and  interosseous.  The  palmar 
ligaments  are  seven :  one  from  the  trapezium 
to  the  first  metacarpal ;  one  from  the  trapezium 
to  the  second  metacarpal ;  three  for  the  third 
metacarpal — one  from  the  trapezium,  one  from 
the  magnum,  and  one  from  the  unciform  ;  two 
others  arising  from  the  unciform  go  respectively 
to  the  fourth  and  fifth  metacarpals.  The  inter- 
osseous ligaments  join  the  opposed  surfaces  of 
the  magnum  and  unciform  above  to  the  contiguous  surfaces  of  the  third j?  and 
fourth  metacarpals  below.  The  nine  dorsal  ligaments  are  the  strongest.  Three 
pass  to  the  second  metacarpal,  arising  respectively  from  the  trapezium,  trapezoid, 
and  magnum.  Three  pass  to  the  third  metacarpal :  one  from  the  trapezoid  and 
two  from  the  magnum.  Two  pass  to  the  fourth  metacarpal  from  the  magnum 
and  unciform  respectively,  and  one  to  the  fifth,  which  is  continuous  with  the 
anterior  as  a  partial  capsule. 

The  carpo-metaearpal  joint  Of  the  thumb  is  protected  by  a  capsular 
ligament  stronger  behind  than  in  front. 

The  proximal  ends  Of  the  metacarpals  are  in  contact,  and  the  inter- 
carpal synovial  membranes  send  up  small  pouches  between  them.     They  are 


Fig.  252. — Synovial  membranes  of 
wrist-joint.  In  the  specimen  from 
•which  this  was  taken  the  semiluno- 
cuneiform  ligament  was  deficient, 
so  cavities  2  and  3  are  represented 
as  communicating. 


Fig.  253.— Section   through  the   middle  of  the  third  finger,   | — 1,   radius;  2,   semilunar; 
3,  magnum ;  4,  third  metacarpal ;  5,  6,  7,  the  phalanges. 

united  together  by  dorsal  (fig.  251,  7),  palmar  (fig.  250,  6),  and  interosseous 
•  transverse  fibres  attached  to  each  bone  immediately  below  the  articular 
surfaces. 
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At  the  distal  ends  Of  the  metacarpals  the  fascia  covering  the  anterior 
faces  of  the  interossei  muscles  becomes  strengthened  at  its  lower  border,  receiv- 
ing deep  fibres  from  the  palmar  fascia,  and  it  appears  as  a  series  of  anterior 
transverse  ligaments  uniting  the  fronts  of  the  capsules  of  the  second,  third, 
fourth,  and  fifth  metacarpophalangeal  joints  (fig.  255).  Beneath  these  trans- 
verse ligaments  pass  the  interossei  tendons,  over  them 
pass  the  lumbricales,  and  the  vessels  and  nerves  of  the 
fingers. 

The  metacarpo-phalangeal  joints  are  enar- 

throdial  joints  surrounded  by  capsular  ligaments, 
which  are  weak  behind  under  the  extensor  tendons 
(fig.  254,  Edc),  and  very  strong  at  each  side  where 
their  fibres  are  specialised  into  lateral  ligaments 
attached  to  the  tubercles  and  hollows  on  each  side 
of  the  metacarpal  heads,  and  to  the  lateral  ridges 
and  anterior  tubei'cles  of  the  phalanges.  From  the 
front  lip  of  the  socket  of  the  phalanx  a  meniscoid 
glenoid  ligament  (fig.  254)  is  continued  upwards 
and  forwards  over  the  head  of  the  metacarpal,  merging 
into  the  weak  capsule  above,  and  attached  by  areolar 
tissue  to  the  metacarpal  bone.  This  ligament  is 
thick  at  its  phalangeal  attachment,  and  composed 
chiefly  of  transversely  directed  fibres.  It  serves  to 
deepen  the  socket,  and  is  thickened  into  a  fibro- 
cartilage  at  the  line  of  attachment  on  each  side  where 
it  plays  over  the  cornua  of  the  metacarpal  facets, 
on  each  side  of  which  it  is  attached  to  the  lateral 
ligaments.  Always  in  the  thumb  and  sometimes  on 
the  other  fingers,  especially  on  the  inside  of  the  little 
finger,  the  fibro-cartilage  ossifies  into  a  sesamoid  bone, 
receiving  the  insertion  of  short  muscles. 

The  second  and  third  interphalangeal  joints 

are  ginglymi,  with  capsular  ligaments  strengthened 
laterally  into  lateral  ligaments  which  project  into 
the  cavities    of   the  joints,    and    between   which   in 

front  is  an  anterior  glenoid  ligament  (fig.  254,*) 

similar  to  that  in  the  metacarpo-phalangeal  joint. 
The  sheaths  of  the  tendons  are  closely  attached 
thereto,  and  with  their  radiating  fibres  are  described 
in  connection  with  the  tendons. 

The  metacarpo-phalangeal  joints  are  enarthrodial 
and  permit  of  extension,  flexion,  ab-  and  adduction, 
and  slight  rotation.  The  interphalangeal  joints  allow 
only  of  flexion  and  extension;  the  amounts  of  motions 
are  indicated  in  the  subjoined  table,  in  which  the 
neutral  line  is  that  in  which  the  axis  of  the  phalanx 
and  that  of  the  metacarpal  coincide. 

When  the  arm  is  fully  extended  and  the  fingers 
stretched,  the  line  between  the  tip  of  the  thumb  and 
index  finger  subtends  at  the  eye  an  angle  of  15°,  the  line  joining  the  tip  of 
the  thumb  and  little  finger  subtends  an  angle  of  18°.  The  average  male 
index  finger,  bent  at  right  angles  at  the  metacarpo-phalangeal  joint,  measures 
from  the  flexure  to  tip  approximately  4  inches  or  10  centimetres.  The  student 
should  determine  these  constants  in  himself,  as  they  often  prove  useful, 
especially  when  travelling. 


Fig.    254. 
finger, 
through 


—  Ligaments  of 
Vertical  section 
second  finger 
when  extended  showing 
ligaments,  |— Fds,  flexor 
sublimis  tendon ;  Fdp, 
flexor  profundus  tendon ; 
v,  sheath ;  Edc,  extensor 
communis  digitorum  ten- 
don ;  *,  capsule  and  glenoid 
ligament  of  the  inter- 
phalangeal joint. 
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101.  THE  PELVIC  GIRDLE  consists  in  the  adult  of  a  single  bone  (OS 
innominatum  or  hip-bone)  on  each  side,  which  abuts  dorsally  on  the  costal 
elements  of  the  sacrum,  and  unites  ventrally  with  its  fellow.  For  terrestrial 
locomotion  the  girdle  requires  to  be  fixed 

to  the  vertebral  column ;  while  to  suit 
the  upright  position,  its  upper  part  must 
be  expanded  to  give  attachment  to 
muscles  and  to  support  the  viscera.  In 
addition  to  these  requirements,  the  large 
size  of  the  infant's  head  renders  a  wide 
diameter  necessary  for  the  cavity  which 
it  has  to  traverse  in  the  female.  These 
are  the  main  factors  which  contribute  to 
mould  the  human  pelvis  (fig.  237,  9). 

102.  THE  HIP-BONE  is  irregular, 
curved  somewhat  like  a  screw-propeller, 
narrowed  medially,  wide  at  either  end. 
It  consists  in  the  child  of  three  elements 
— a  dorsal,  the  ilium,  which  is  the 
largest,  and  articulates  with  the  sacrum 
behind ;  an  anterior  ventral,  the  pubis, 
which  joins  its  fellow  medially  by  syn- 
chondrosis ;  and  a  posterior  ventral,  the 
ischium.     There  is  a  rudimental  fourth 

or  acetabular  element,  but  it  fuses 

with  the  others  at  an  early  age.     These 


Fi 


5.— Vertical  section  through  finger 
when  flexed.  Note  the  alteration  in 
disposition  of  the  synovial  membrane 
and  of  the  meniscus-like  folds. 


elements  unite  in  the  acetabulum  or  socket  of  the  hip,  and  ankylose  together 
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in  the  adult.      The  pubis  and  ischium  diverge  from   each  other  in  front  of 
the  socket  to  re-unite  again,  and  thus  form  the  boundaries  of  the  large  oval 

obturator  foramen. 

The  ilium  consists  of  a  body,  forming  less  than  two-thirds  of  the 
acetabulum,  and  a  widely  expanded  ala  ending  above  in  a /"-shaped,  irregularly 
thickened,  subcutaneous  crest,  marked  along  its  surface  by  three  faint  lines 

outer,  middle,  and  inner — which  give  attachment  to  the  three  iiat  muscles  of 

the  abdomen.     The  crest  ends  in  front  in  a  superior  spine  to  which  Poupart's 
ligament  is  attached.     Below  this  is  the  superior  iliac  notch,  transmitting 


Superior  spine. 

Superior  iliac  notch. 

Inferior  spine. 


Ilio-pubal  eminence. 


Posterior  gluteal  line. 


Auricular  spine. 
Greater  sciatic  notch. 


Ischiatic  spine. 
Lesser  sciatic  notch. 


Tuber  ischii. 


256. — Hip-bone,  outer  side. 


the  external  cutaneous  nerve  of  the  thigh,  and  giving  origin  by  the  upper  half 
of  its  margin  to  the  sartorins.  Still  lower  is  the  rough  inferior  Spine  giving 
origin  to  the  straight  tendon  of  the  rectus  femoris,  and  bounding  above  the 
inferior  iliac  notch,  which  is  occupied  by  the  iliacus.  This  notch  ends 
internally  at  the  ilio-pubal  eminence,  which  marks  the  union  of  the  ilium 
and  the  pubis.  The  iliac  crest  ends  behind  in  a  posterior  Spine,  separated  by 
an  irregular  posterior  iliac  notch  from  an  auricular  spine,  which  marks 
the  lowest  point  of  the  sacro-iliac  joint.  Below  this  is  the  deep  greater 
Sciatic  notch,  bounded  above  by  the  ilium  and  in  front  by  the  hinder  edge 
of  the  confluent  bodies  of  ilium  and  ischium. 

The  dorsum  ilii  or  outer  surface  of  the  ala  is  convex  in  front,  concave 
behind,  and  is  crossed  posteriorly  by  a  nearly  vertical  posterior  gluteal 
line,  which  cuts  off  the  hinder  seventh  of  the  ala  as  a  posterior  gluteal  surface 
from  which  the  gluteus  maximus  arises.  A  longer  curved  superior  gluteal 
line,  commencing  in  front  of  this  and  ending  at  the  superior  spine,  forms  the 
lower  boundary  of  a  middle  gluteal  area,  from  which  the  gluteus  medius  arises. 
An  indistinct,  curved,  inferior  gluteal  line,  from  the  front  of  the  sciatic 
notch  to  a  little  above  the  inferior  spine,  forms  a  lower  limit  to  the  inferior 
gluteal  area  for  the  origin  of  gluteus  minimus.     The  dorsal  surface  ends  below 
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at  the  edge  of  the  acetabulum,  immediately  above  which  it  is  rough  for  the 
origin  of  the  capsular  ligament,  and  depressed  into  a  pit  behind  the  inferior 
spine  for  the  curved  head  of  the  rectus  femor  is. 

The  inner  surface  of  the  ilium  presents  four  areas,  an  anterior  or  iliac 
fossa,  smooth  and  concave  for  the  iliacus,  bounded  below  by  the  ilio-pubic 
line,  under  which  is   the  pelvic  surface  of  the  body  of  the  ilium,  making 
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Fig.  257. — Hip-bone,  inner  side,  %. 

a  small  part  of  the  wall  of  the  true  pelvis.  Behind  this  is  the  auricular 
facet,  an  irregular  surface  joined  by  cartilage  to  the  sacrum.  Still  farther 
back  is  the  tuberosity  Of  the  ilium,  into  which  the  hinder  part  of  the 
crest  merges,  marked  by  rough  depressions  for  the  sacro-iliac  ligaments  and  for 
the  origin  of  the  erector  spince. 

The  iliac  area  of  the  acetabulum  may  be  marked  by  drawing  a  line  from  the  ilio-pubal 
eminence  to  a  point  a  little  above  the  centre  of  the  cavity,  and  continuing  the  line  back- 
wards from  thence  to  the  middle  of  the  front  edge  of  the  sciatic  notch. 

The  ischium,  the  second  largest  element,  makes,  by  its  body,  more  than 
two-fifths  of  the  acetabulum,  below  which  it  descends  backwards  as  an  irregular 
short  superior  ramus,  on  whose  hinder  and  outer  surface  is  a  large 
rough  area,  the  tuberosity  of  the  ischium,  from  which  the  hamstring  flexor 
muscles  of  the  knee  arise.  From  the  front  of  this  the  inferior  ramus 
passes  forwards,  inwards,  and  a  little  upwards  to  become  continuous  about  the 
middle  of  the  inner  boundary  of  the  obturator  foramen,  with  the  inferior  ramus 
of  the  pubis  forming  with  it  a  continuous  ischio-pubic  ramus.  From 
behind  the  junction  of  the  body  and  superior  ramus,  the  sharp  spine  of  the 
ischium  projects  inwards,  separating  the  greater  sciatic  notch  above, 
from  the  cartilage-clad  lesser  sciatic  notch,  which  intervenes  between  the 
spine  and  tuberosity  of  the  ischium. 
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The  pubis  consists  of  a  body  which  forms  a  little  less  than  one-fifth' 
of  the  acetabulum,  a  superior  ramus  extending  thence  downwards  towards 
the  middle  line  where  its  inner  surface  is  united  to  its  fellow,  at  the" 
symphysis.  Here  it  turns  sharply  downwards  and  backwards,  forming  an 
inferior  ramus  ;  the  lower  end  of  which  joins  the  inferior  ramus  of  the 
ischium.  Near  the  ventral  end  of  the  superior  ramus  is  a  prominent  spine, 
directed  forwards,  palpable  through  the  skin,  from  which  inwards  to  the 
symphysis  is  a  rough  space,  the  crest  of  the  pubis  giving  attachment  to  the 
muscles  of  the  abdominal  wall.  To  the  spine  itself  is  attached  Poupart's 
ligament,  and  from  its  outer  side  the  sharp  ilio-pubal  (ilio-pectineal)  line 
passes  backwards,  and  forms  the  brim  of  the  pelvic  cavity. 

From  the  pubic  spine  to  the  acetabular  edge  a  more  rounded  obturator 
line  projects,  between  which  and  the  ilio-pubal  line  is  the  small  pectineal 
triangle  from  which  the  pectineus  muscle  takes  its  origin.    The  lower  margin  of 
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Fig.  258. — Anterior  surface  of  pubis  and  ischium, 


the  ischio-pubal  ramus  is  rough  and  everted  especially  in  males,  the  tuber 
Cavernosum  for  the  attachment  of  the  crus  penis.  On  the  median  surface  of 
the  upper  half  of  the  superior  ramus  is  the  cartilage-covered  area  of  the  symphy- 
sis. Anteriorly  the  bone  below  the  crest  is  rough,  and  gives  attachment  to  the 
adductors  of  the  thigh.  Posteriorly  it  is  smooth  and  in  contact  with  the  fascial 
envelopes  of  the  bladder. 

The  acetabulum  is  a  nearly  hemispherical  cavity  looking  outwards,  for- 
wards, and  downwards,  on  the  area  of  confluence  of  the  bodies  of  the  three  ele- 
ments. Its  edge  is  sharp,  slightly  notched  on  the  iliac  side  of  the  ilio-pubal 
eminence  (iliac  notch  of  the  acetabulum),  deeply  on  the  ischiatic  side  of  the  union 
of  ischium  and  pubis  (the  cotyloid  notch).  The  surface  of  the  cavity  presents 
— (1)   a  crescentic,   cartilage-clad  fades  lunata  above,    concave  downwards^ 
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ending  in  two  cornua  which  border  the  cotyloid  notch ;  and  (2)  a  deep  fdugb. 
fovea  acetabuli,  mostly  on  the  ischium,  communicating  with  the  notch  and  in 
the  recent  state  filled  with  fat. 

The  Obturator  foramen  is  an  irregular  oval  hole,  triangular  in  the 
female,  bounded  by  the  body  and  superior  pubic  ramus  above,  by  the  ischium 
behind,  and  by  the  ischio-pubal  ramus  below.  Beneath  the  superior  ramus  of 
pubis  is  an  oblique  channel  for  the  exit  of  the  obturator  vessels  and  nerve, 
while  the  rest  of  the  opening  is  closed  by  the  obturator  membrane. 

The  crest  of  the  ilium  widens  at  its  anterior  third  into  an  overhanging 
tubercle  Of  the  Crest,  behind  this  it  narrows  and  finally  widens  again  at 
the  tuberosity.  To  its  outer  margin  below,  towards  the  dorsum,  the  gluteal 
fascia  and  the  edge  of  the  gluteus  rnaximus  and  medius  are  attached ;  above 
these  for  the  anterior  half  the  external  oblique  is  inserted.  To  the  space  between 
the  outer  and  middle  lips  the  internal  oblique  is  attached  for  the  anterior  two- 
fifths,  being  widest  at  the  tubercle.  From  the  line  internal  to  this  the  trans- 
versalis  arises.  For  the  hinder  third  of  this  margin  above  the  tuberosity  the 
erector  spince  and  lumbar  fascia  are  attached ;  for  the  fifth  in  front  of  this,  above 
the  hinder  part  of  the  iliac  fossa  and  on  the  ventral  side  of  the  edge  arises  the 
quadratus  lumborum,  covered  externally  by  the  latissimus  dorsi.  From  the 
anterior  inch  of  the  outer  lip  of  the  crest  immediately  behind  the  superior  spine, 
the  tensor  fascice  femoris  arises. 

Two  branches  of  the  deep  gluteal  artery  pierce  the  ilium  on  the  dorsal  aspect, 
one  from  the  ilio-lumbar  pierces  it  on  the  ventral. 

The  tuberosity  of  the  ilium  is  divisible  into  two  areas,  one  of  two  or  three 
large  tubercles  and  depressions  for  the  posterior  sacro-iliac  ligaments,  and  a 
hinder  of  finer  roughnesses  for  the  erector  spince. 

The  ilio-pubal  line  gives  attachment  to  the  pelvic  fascia.  The  psoas  parvus 
is  inserted  into  it  behind  the  ilio-pubal  eminence.  The  pectineal  portion  of 
fascia  lata  is  attached  to  its  pubic  part,  together  with  Hey's  band  of  the  fascia 
lata,  the  conjoined  tendon,  and  Gimbernat's  ligament  (p.  170). 

On  the  hinder  side  of  the  body  of  the  ischium  is  a  convex  post-acetabular 
surface,  crossed  by  the  pyriformis,  and  giving  rise  to  a  few  fibres  of  the  gluteus 
minimus.  Below  the  acetabulum  is  a  deep,  rough,  sub-acetabular  groove  pierced 
by  branches  of  the  sciatic  artery.  On  its  pelvic  side  a  slightly  marked  elevation 
extends  from  the  ilio-pubal  eminence  to  the  spine  of  the  ischium,  on  each  side  of 
which  the  bone  slopes  in  opposite  directions,  making  the  so  called  planes  of  the 
ischium.  This  surface  is  covered  by  the  obturator  interims.  To  the  tip  of  the 
ischial  spine  is  attached  the  lesser  sciatic  ligament,  to  the  margin  above  it,  the 
obturator  fascia.  From  the  outer  surface  where  the  ischial  spine  borders  the 
cartilaginous  area  of  the  lesser  sciatic  notch,  the  superior  gemellus  arises  (fig. 
256,  G.S.)  from  its  inner  surface  the  levator  ani  and  coccvgeus. 

The  wide  posterior  surface  of  the  tuber  ischii  is  divided  by  an  oblique  line 
into  two  areas,  an  outer  giving  origin  to  the  semimembranosus,  an  inner  to  the 
biceps  and  semitendinosus.  From  the  lower  margin  of  the  cartilage-clad  area  of 
the  lesser  sciatic  notch  arises  the  gemellus  inferior  (fig.  256,  G.I.),  and  from  the 
outer  lip  of  the  tuber,  extei-nal  to  the  semimembranosus,  arises  the  quadratus 
femoris  above  (fig.  258)  and  part  of  the  adductor  magnus  below.  To  the  inner  lip, 
often  sharp  and  prominent  on  the  pelvic  side,  the  falciform  border  of  the  greater 
sciatic  ligament  and  obturator  fascia  are  attached  below  the  pudic  groove. 

From  the  inferior  surface  of  the  tuber  cavernosum  arises  the  crus  penis  in 
the  male,  bordered  below  by  the  origin  of  the  ischio-cavemosus  muscle,  internal 
to  which  starts  the  transversus  p>erinei. 

To  the  crest  of  the  pubis  are  attached  the  rectus  and  pyramidalis  abdominis 
muscles,  the  conjoined  tendon  and  the  external  oblique  tendon ;  below  it  and 
close  to  the  angle  of  pubis,  between  the  crest  and  the  symphysis,  arises  the 
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adductor  longus.  From  the  inner  margin  of  the  anterior  surface,  along  the 
lower  half  of  the  symphysis  and  inferior  ramus,  arises  the  gracilis;  external  to 
which  is  the  origin  of  the  adductor  brevis,  which  extends  down  to  the  origin  of 
the  adductor  magnus.  The  fibrous  elements  investing  the  pubic  spine  represent 
the  marsupial  bone  of  didelph  mammals. 

Development. — The  hip-bone  consists  originally  of  an  ilio-ischiatic  car- 
tilage to  which  a  separate  pubic  cartilage  becomes  appended.  Its  bony  tissue 
arises  by  eight  centres,  one  for  the  ilium,  above  and  behind  the  acetabulum, 
beginning  early  in  the  ninth  week ;  one  for  the  ischium  in  the  superior  ramus, 
appearing  in  the  twelfth  week;  and  one  in  the  pubis  internal  to  the  ilio-pubal 
eminence  in  the  fourth  month.  The  acetabular  element  ossifies  in  the  sixth  year 
usually  by  a  double  centre  in  the  Y-shaped  cartilage  which  unites  the  three  pelvic 
elements.  This  unites  at  about  fourteen  years  of  age  with  the  ilium  and 
ischium,  and  at  fifteen  with  the  pubis,  the  acetabulum  being  completed  at 
about  seventeen.  This  element  may  be  Y-shaped  like  the  cartilage  in  which 
it  arises,  but  the  limb  between  the  ilium  and  the  ischium  is  usually  the  thickest 
in  the  young  male  pelvis,  that  between  the  pubis  and  the  ilium  in  the  female. 
The  part  between  the  ischium  and  the  pubis  is  generally  thin  or  absent. 
The  ischio-pubal  rami  unite  at  eight.  Four  separate  epiphyses  form,  one 
along  the  crest  of  the  ilium,  ossification  in  which  begins  in  two  or  three  spots 
at  fifteen,  and  it  unites  at  twenty-one  ;  a  second  over  the  tuber  ischii,  appearing 
at  fourteen,  consolidating  at  twenty ;  a  third  over  the  anterior  inferior  spine, 
appearing  at  sixteen,  consolidating  at  nineteen ;  and  a  fourth  over  the  pubic 
crest,  appearing  at  seventeen,  uniting  at  twenty -one. 

In  structure  the  hip-bone  consists  of  a  middle  cancellous  layer  of  varying 
thickness  enclosed  in  a  compact  shell.  The  cancellous  tissue  is  deficient  in  the 
middle  of  the  iliac  fossa  where  the  bone  is  thinnest,  it  is  most  abundant  in  the 
tubera  ilii  and  ischii.  The  outer  and  inner  compact  layers  are  very  dense  in  the 
portion  of  bone  joining  the  acetabulum  and  auricular  facet,  and  in  that  joining 
the  acetabulum  and  the  tubercle  of  the  crest  of  the  ilium. 

103.  SYMPHYSIS  PUBIS.— Each  of  the  contiguous  pubic  surfaces  at  the 
symphysis  (fig.  75)  is  covered  by  a  thin  layer  of  hyaline  cartilage,  and  between 
these  is  a  soft  mass  of  fibro-cartilage,  broader  in  front  and  below,  consisting 
chiefly  of  concentric  fibrous  rings,  and  often  irregularly  cleft  in  the  centre. 
The  joint  is  strengthened  in  front  by  crossing  bands  derived  from  the  periosteum 
and  abdominal  muscles,  and  by  a  thin  fascial  and  periosteal  expansion  behind. 
Above  and  below,  the  uniting  material  becomes  pure  fibrous  tissue,  the  latter 

forming  a  subpubic  ligament  which  lines 
and  renders  smooth  the  under  edge  of  the 
arch  of  the  pubis.  The  cavity  occasionally 
found  in  this  joint  is  nearer  its  hinder  than 
its  fore  surface,  is  not  lined  by  synovial 
membrane,  rarely  appears  before  ten  years 
of  age,  and  is  larger  in  the  female  than  in 
the  male,  although  there  is  but  little  evidence 
that  it  is  much  affected  by  pregnancy. 

104.    THE    SACRO-ILIAC   JOINT   (fig. 

259)  is  a  synchondrosis,   wherein  the    rough 

Fig- 259. —Horizontal  section  of  sacro-    ear-shaped  facet  of  the  ilium  is  fastened  to 

iliac  lomt — A,    sacrum  ;  B,    ilium  :      .1  -,  ■  -,         ni  t 

1,   anterior    portion   of    sacro-iliac     ™e   sacrum>  an   ^regular  fibrous  capsule 

capsule.  J-he  two  surfaces  are  cartilage-clad,  and  united 

by  irregular  patches  of  fibro-cartilage,  but  for 
a  considerable  part  of  their  extent  they  are  simply  in  contact,  and  the  con- 
tiguous surfaces  bound  a  cavity  (fig.  259,  2)  and  are  moistened  by  a  synovia- 
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like  fluid.  Posteriorly  there  are  many  strong  irregular  bands  of  interosseous 
SacrO-iliaC  ligaments  (*&-,  3),  which  form  a  thick  mass,  filling  up  the  space 
between  the  tuberosity  of  the  ilium  and  the  sacrum,  by  which  the  sacrum 
is  slung  in  situ.  The  surfaces  are  so  arranged  that  while  the  sacrum  pro- 
jects slightly  forwards,  yet  much  of  the  sacral  surface  leans  on  the  ilium. 
Over  the  posterior  sacro-iliac  fibres,  which  gradually  lengthen  from  before 
backwards,  lies  a  long  sacro-iliac  ligament  {ib.,  4),  which  descends  obliquely 
from  the  posterior  iliac  spine  to  the  back  of  the  third  sacral  vertebra. 

As  accessory  ligaments  to  this  joint  are  the  following: — (i)  The  ilio- 
lumbar ligament,  which  is  the  thickened  lower  edge  of  the  fascial  sheath 
of  the  quadratics  lumborum,  stretching  from  the  costal  process  of  the  fifth 
lumbar  to  the  iliac  crest  below 
the  origin  of  that  muscle. 

(2)  the  greater  sciatic 

ligament  is  attached  behind 
to  the  lower  edge  of  the 
posterior  gluteal  area  of  the 
ilium,  and  to  the  transverse 
and  articular  processes  of  the 
sacral  vertebrae  by  a  series  of 
irregular  lam  elite,  partly 
separated  by  masses  of  fat 
and  vessels,  constituting  the 
widest  part  of  the  ligament ; 
from  thence  descending  back- 
wards and  outwards  it  is 
inserted  below  into  the  inner 
margin  of  the  tuber  ischii, 
along  which  its  falciform 
2>rocess  is  continued  forwards, 
giving  attachment  to  the 
obturator  fascia. 

Its  lower  border  is  directly  con- 
tinuous into  the  tendon  of  origin  of 
the  biceps,  of  which  for  the  most 
part  it  was  originally  the  sacral 
continuation,  cut  off  by  the  pro- 
jection of  the  tubera  ischii,  and 
supplemented  by  the  attachment 
thereto  of  the  gluteal  fascia. 

(3)  The   lesser  sciatic 

ligament  is  shown  by  remov- 
ing the  greater,  on  the  ventral  side  of  which  it  lies.  It  is  attached  by  a  wide 
base  to  the  side  of  the  sacrum  and  coccyx,  and  is  fastened  by  its  apex  to 
the  ischial  spine.  This  ligament  is  the  thickened  sheath  of  the  coccygeus,  the 
diminished  ischio-caudal  muscle,  and  forms  the  lower  boundary  of  the  greater 
sciatic  notch,  through  which  the  pyriformis  muscle  escapes  from  the  pelvis. 
Above  the  pyriformis  lie  the  gluteal  vessels  and  superior  gluteal  nerve,  while 
below  it  are  the  sciatic  vessels  and  nerves  and  the  pudic  artery  and  nerve 
and  the  nerve  to  the  obturator  internus.  Between  the  two  ligaments  lies 
the  lesser  sciatic  notch,  allowing  the  escape  of  the  obturator  internus  tendon, 
above  which  the  pudic  artery  and  its  two  accompanying  veins  and  nerves 
re-enter  the  pelvis. 

105.  PROPER    LIGAMENTS    OF    THE    HIP-BONE.  — The    obturator 
foramen  is  closed  by  the  obturator  membrane,  composed  of  thin  irregular 


Fig.  260. — Ligaments  of  the  pelvis  seen  from  behind. 
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lamellae  of  fibres  mostly  horizontal  attached  externally  to  the  margin  of  the 
foramen,  internally  to  a  rough  line  on  the  inner  border  of  the  ischio-pubic 
ramus.  A  strong  band  underlies  the  obturator  canal,  stretching  from  the 
inner  to  the  outer  Obturator  tubercle,  bounding  the  passage  for  the  vessels 
and  nerves.  Externally,  some  superficial  fibres  stretch  from  the  face  of  the 
membrane  to  the  capsule  of  the  hip,  overlying  some  fat-masses  which  are  con- 
tinuous with  the  fatty  pad  in  the  acetabular  notch.  From  the  outer  surface  of 
the  membrane  and  the  surrounding  bone  arises  the  obturator  extemus.  The 
area  for  the  obturator  interims  is  much  more  extensive. 

In  the  periosteum  clothing  the  inner  surface  of  the  bodies  of  the  bones  there  are  liga- 
mentous fibres,  the  rudiments  of  the  original  ilio-  and  ischio-pubic  bands. 

Poupart's  ligament  is  the  artificial  dismemberment  of  the  lower  edge  of 
the  external  oblique,  where  it  is  united  with  the  femoral  and  abdominal  fascise, 
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Fig.  261. — Poupart's  ligament  and  the  crural  arch  with  its  two  lacuna?. 

and  is  attached  to  the  superior  spine  of  the  ilium,  to  the  pubic  spine,  and  by  its 
reflection  or  Gimbernat's  ligament  (fig.  261)  to  the  ilio-pectineal  line. 

On  removing  the  more  superficial  part,  or  Poupart's  ligament  proper,  a  deeper  facial 
band,  the  crural  arch,  can  be  artificially  isolated.  This  arches  over  the  interspace  between 
the  iliac  and  pubic  spines,  and  the  space  beneath  it  is  divided  by  a  middle  band  (the  ilio- 

peetineal  ligament)  into  two  lacunae. 

Through  the  outer  or  lacuna  musculosa  there  escape  from  the  pelvis  the  external 
cutaneous  nerve  of  the  thigh,  the  iliacus  and  psoas  muscles,  and  the  anterior  crural  nerve 
and  the  crural  branch  of  the  genito-crural  nerve  ;  through  the  inner  or  lacuna  vasculosa,  the 
femoral  artery,  vein,  and  lymphatics.  Prom  its  pubic  insertion  there  ascends  upwards  and 
inwards  to  the  middle  line  a  variable  structure,  the  triangular  ligament,  to  be  subsequently 
described  (§  236). 

The  ilium  articulates  with  its  two  fellow-constituents  of  the  hip-bone,  with  the  sacrum 
and  femur;  the  other  two  elements  articulate  with  the  femur,  the  pubis  also  uniting  with  its 
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fellow.  As  a  whole  the  hip-bone  articulates  with  three  bones,  gives  origin  to  thirty  muscles 
(from  the  ilium  thirteen,  from  the  ischium  fourteen,  from  the  pubis  thirteen),  and  the  pubis 
gives  insertion  to  four. 

106.  THE  PELVIC  CAVITY  is  obliquely  placed,  bounded  behind  by  the 
sacrum  and  coccyx,  and  laterally  by  the  hip-bone ;  above  it  is  limited  by  the 
inlet  or  brim,  bounded  by  the  promontory  of  the  sacrum,  the  ilio-pubal  lines 
and  pubic  crests.  The  wide  space  above  these  between  the  iliac  alse  is  the 
hypogastric  or  lower  part  of  the  abdominal  cavity,  sometimes  erroneously  called 
the  false  pelvis.  The  inferior  plane  or  outlet  of  the  pelvis  is  in  the  dry  bone 
very  irregular,  bounded  by  a  thrice  indented  line,  notched  in  front  by  the  arch 
of  the  pubis,  postero-laterally  by  the  sciatic  notches,  projecting  in  three  points 
at  the  ischial  tubera  and  coccyx.  In  the  recent  state,  however,  the  outlet  is 
narrowed  by  the  sciatic  and  interpubic  membranes  into  a  lozenge-shaped 
opening,  bounded  in  front  by  the  ischio-pubal  rami  and  the  subpubic  ligament, 
on  each  side  by  the  tubera  ischii,  on  each  side  behind  by  the  greater  sciatic 
ligament,  while  the  coccyx  behind  completes  the  boundaries. 

In  the  erect  position  the  plane  of  the  brim  is  inclined  to  the  horizon  at  an 
angle  of  6o°,  the  tip  of  the  coccyx  being  in  the  average  body  on  a  plane 
16  mm.  above  the  level  of  the  crest  of  the  pubis.  This  must  be  constantly 
borne  in  mind  in  examining  the  component  bones,  as  erroneous  names  are  often 
given  to  parts  of  these  bones  from  the  vicious  system  of  regarding  the  ilio- 
pectineal  line  as  if  it  were  horizontal.  The  axis  of  the  brim  is  consequently 
directed  forwards  and  upwards  at  an  angle  of  30°.  The  hinder  wall  of  the 
pelvis  is  about  14  cm.  long,  the  front  wall  about  6  cm.,  consequently  the  plane 
of  the  lower  outlet  is  much  nearer  the  horizontal,  its  inclination  to  that 
plane  averaging  150.  The  axis  of  the  pelvic  cavity  is  consequently  a  curved 
line  concave  forwards. 

The  average  dimensions  of  the  pelvis  are  as  follows  : — 


Males. 

Females. 

inches. 

mm. 

inches. 

mm. 

Conjugate  or  sagittal  diameter  of  brim  from  sacral 

promontory  to  upper  edge  of  pubic  symphysis, 

4 

IOO 

4'5 

116 

Transverse  diameter  of  brim,     ..... 

4-S 

124 

5'i3 

135 

Oblique  diameter  from  sacro-iliac  joint  to  ilio-pubal 

eminence,        ........ 

4"3 

I IO 

5 

126 

Conjugate  or  sagittal  diameter  of  outlet,   . 

37 

95 

5 

126 

Transverse  diameter  of  outlet,  ..... 

3  -2 

81 

47 

121 

Oblique  diameter  of  outlet, 

3 '5 

90 

4'5 

115 

Average  height  of  anterior  wall  or  symphysis,  . 

2 

53 

17 

45 

Average  height  of  lateral  wall  from  ilio-pubal  line 

to  tuber  ischii,         ....... 

4'2 

108 

3'7 

96 

Average  height  of  posterior  wall,       .... 

5  "5 

140 

5'° 

128 

Angle  of  pubis,  ........ 

75° 

96° 

Conjugate  at  mid  point  of  cavity,       .... 

4-2 

108 

5-12 

132 

Oblique  at  mid  point  of  cavity, 

47 

122 

5 '3 

135 

Transverse  at  mid  point  of  cavity,     .... 

47 

120 

5 

126 

Greatest  transverse  diameter  between  iliac  crests, 

10 

256 

10 

257 

Interval  between  the  superior  iliac  spines, 

9'5 

243 

9'5 

243 

Height  from  iliac  crest  to  ilio-pubal  line,  . 

4 

102 

4 

88 

Angle  of  mid  plane  of   symphysis  pubis  with  con- 

jugate diameter,      .          .          . 

94° 

96° 

External  conjugate   from   outside   of   symphysis  to 

spine  of  last  lumbar,       .         .         . 

7 

176 

7-2 

183 

From  same  to  third  sacral  spine,        .... 

5 '8 

169 

6-3 

162 
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The  pelves  of  the  two  sexes  present  many  points  of  contrast.  The  male 
pelvis  is  deeper,  rougher,  with  deeper  iliac  fossae  and  symphysis,  a  smaller 
pubic  angle,  a  vertically  ovate  obturator  foramen,  and  inflexed  tubera  ischii. 

The  female  pelvis  is  shallower, 
e  ^  wider,    smoother,    with    shal- 

lower symphysis  and  wider 
pubic  arch,  everted  ischia,  and 
a  triangular  obturator  fora- 
men. These  sex  characters 
are  discernible  even  at  birth. 

The  age-changes  in  the  pelvic 
bones  themselves  are  three-fold. 
The  splay  of  the  ala  of  the  ilium 
forms  with  the  wall  of  the  true 
pelvis  in  the  infant  an  angle  of 
about  1370;  this  increases  to  145°  in 
childhood,  but  in  the  adult  male 
the  angle  becomes  15  30,  in  the  female 
1 5 50.  The  depth  of  the  cavity  of 
the  true  pelvis  likewise  increases 
steadily  from  infancy  to  maturity. 
The  extent  of  the  tuberosity  of  the 
ilium  is  small  in  the  infant,  but  in- 
creases largely  in  the  last  few  years 
of  adolescent  life.  In  the  lower 
races  it  often  maintains  its  infan- 
tile smaller  size.     The  pelvic  brim- 

.    .      sagittal  x  100       .     .     ,.„ 

index  —a r-: varies  in  diner - 

transv.  diam. 

ent   races.       That  of  the   average 

European  male  is  82*5,  of  the  negro 

88,   of   the   Australian   94,   of   the 

Bush-races   of    Africa   90,    of    the 

Andamanese  96.      Pelves  with  an 

index    under    85    are    platypellic, 

those  over  85  are  dolichopellic. 

107.  THE  FEMUR.— The 
thigh  bone  is  the  strongest 
and  longest  bone  in  the  body, 
and  articulates  with  the  hip- 
bone above,  the  patella  in 
front,  and  the  tibia  below. 
Its  head,  forms  five-ninths  of 
a  sphere,  and  is  covered  with 
cartilage,  except  at  a  small 
pit  or  fovea  Capitis  situated 
below  and  behind  the  axis  of 
the  head,  and  giving  attachment  to  the  ligamentum  teres.  The  head  is 
directed  upwards,  inwards,  and  a  little  forwards,  and  is  supported  on  a  sagittally- 
compressed  neck  which  joins  the  shaft  below  at  an  angle  of  125°.  At  its 
confluence  with  the  shaft  there  project  two  prominent  knobs,  the  trochanters, 
for  the  attachment  of  the  rotator  muscles,  the  greater  being  above  and  external, 
having  an  inflexed  apex  posteriorly  overhanging  a  deep  pit,  the  digital  fossa, 
into  which  the  obturator  extemus  tendon  is  inserted.  From  the  inflexed  apex 
(fig.  266)  downwards  and  forwards  the  trochanter  is  crossed  by  a  broad,  oblique 
band  for  the  attachment  of  the  gluteus  medius,  behind  which  it  is  covered  by 
the  gluteus  maximus,  while  in  front  it  is  rough  for  the  insertion  of  the  gluteus 
minimus.    Above  the  digital  fossa  is  a  shallow  pit  for  the  tendon  of  the  obturator 


Female  pelvis. 

Figs.  262,  263.  —  t,  Sacrum;  2,  iliac  fossa;  3,  superior 
ramus  of  ischium  ;  4,  inferior  ramus  of  pubis;  5,  sacro- 
iliac synchondrosis;  6,  crest  of  ilium;  7,  superior  iliac 
spine;  8,  inferior;  9,  acetabulum;  10,  tuber  ischii; 
11,  obturator  foramen;  12,  arch  of  pubis.    . 
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Gluteus 
inedius. 


Plantaris. 
Ext.gastroc. 


Popliteus 
groove. 


Trochlea. 

Fig.  264. -Right  femur,  front  surface,  f 


Fig  265.— Femur,  back  view. 
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intemus,   behind  and  internal  to  which  is  a  marginal  pit  for  the  tendon  of 
piriformis. 

The  lesser  trochanter  is  placed  behind,  below,  and  on  the  inner  side  of 
the  o-reater.  It  receives  the  insertion  of  the  psoas  tendon,  the  iliacus  being 
attached  to  a  small  surface  below  it. 

Between  the  trochanters  posteriorly  is  a  rounded  intertrochanteric 
line,  at  the  middle  of  which  is  a  small  roughness  from  which  a  faint,  short 
line  descends  vertically  to  the  level  of  the  lesser  trochanter.  This  is  the  linea 
QUadrati,  which  receives  the  insertion  of  the  quadratus  femoris.  From  the 
front  of  the  great  trochanter  a  linea  spiralis  descends  inwards,  limiting  the 

neck  of  the  femur  in  front  and 
receiving  the  insertion  of  the 
capsular  ligament.  This  passes 
below  the  neck,  where  it 
enlarges  into  a  rough  tuber- 
CUlum  COlli  inferius,  nearly 
on  the  level  of  the  lesser  troch- 
anter, and  then'  winds  round 
to  the  back  of  the  femur. 

The  femoral  shaft  is  sub- 
cylindrical,  flattened  in  front, 
and  curved  with  its  concavity 
backwards,  narrowing  a  little 
to  its  middle  third,  and  widen- 
ing again  below  to  its  lower  end, 
which  is  its  most  dilated  part. 
Along  its  hinder  aspect  there 
runs  a  narrow,  prominent,  but- 
tress ridge,  the  linea  aspera, 
with  two  lips  which  diverge 
from  each  other  above  and 
below.  The  outer  lip  is  sharper, 
continuous  upwards  to  the 
lower  part  of  the  great  troch- 
anter, where  it  turns  forwards, 
below  the  surface  for  the  gluteus 
minimus,  to  join  the  top  of  the 
linea  spiralis.  This  outer  lip 
gives  origin  to  the  vastus  ex- 
ternus. The  inner  lip  is  con- 
tinuous upwards  into  the  linea 
spiralis,  and  gives  origin  to  the 
vastus  intemus.  The  tubercle  of  union  of  the  upper  end  of  the  linea  spiralis 
and  the  line  for  the  vastus  externus,  below  the  insertion  of  the  gluteus 
minimus,  is  called  the  tuberculum  Colli  SUperius. 

The  long,  rough  space  behind  and  internal  to  the  line  for  the  vastus 
externus  below  the  great  trochanter  is  the  gluteal  tuberosity  or  rudimental 
third  trochanter,  for  the  attachment  of  the  gluteus  maximus.  From  its  lower 
end  downwards  to  the  end  of  the  linea  aspera  arises  the  short  head  of  the  hiceps. 
A  faint  line  behind  and  below  the  lesser  trochanter  leading  to  the  linea  aspera 
gives  insertion  to  the  pectineus. 


Fig.  266.- 


Linea 
aspera. 


-Upper  end  of  right  femur  seen  from 
behind  and  within. 


There  are  thus  to  be  seen  diverging  fronr  the  upper  end  of  the  linea  aspera  five  lines,  the 
outer  lip  for  vastus  externus,  the  liuea  spiralis,  the  linea  pectinea,  the  linea  quadrati,  and  the 
gluteal  tuberosity. 
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Into  the  narrow  space  between  the  vastus  interims  and  the  short  head  of 
the  biceps  the  adductors  are  inserted ;  adductor  longus  being  the  closest  to  the 
vastus  for  the  middle  third  of  the  femur;  adductor  brevis  behind  and  above  for 
the  upper  third  of  the  linea  aspera ;  adductor  niagnus  for  its  whole  length  from 
.below  the  linea  quadrati  to  the  inner  epicondyle.  It  should  be  remembered  by 
the  student  that  much  of  the  adductor  insertion  is  confluent  with  the  internal 
intermuscular  septum,  so  that  separate  lines  do  not  exist  for  these  muscles 
along  the  shaft  of  the  bone. 

At  the  lower  fourth  of  the  thigh  bone  the  linea  aspera  ends  by  the  divergence 
of  its  lips,  which  bound  between  them  the  popliteal  triangle;  the  inner 
of  the  two  lips  is  here  rounded  off  for  a  considerable  part  of  its  extent,  where 
.it  is  crossed  by  the  femoral  artery.  The  inner  aspect  of  the  shaft  of  the  femur 
is  smooth,  and  gives  origin  to  no  muscular  fibres.  The  front  and  outer  sides  are 
rougher,  and  gives  origin  to  the  crureus  and  vastus  externus. 

The  lower  extremity  presents  posteriorly  two  ovoid,  cartilage-clad  condyles 
to  articulate  with  the  tibia,  separated  by  a  deep  intereondyloid  notch, 
whose  sides  are  rough  for  the  attachment  of  the  crucial  ligaments.  On  the 
front  surface  the  two  condyles  are  confluent  into  a  trochlea  for  the  patella, 
whose  outer  side  is  larger,  farther  forward,  and  rises  higher  than  the  inner. 
Of  the  two  condyles,  the  inner  is  the  longer,  the  farther  back,  and  descends 
the  lower  when  the  bone  is  held  with  its  long  axis  vertical.  During  life, 
however,  the  two  condyles  are  on  the  same  level,  and  the  axes  of  the  thigh 
bones  are  oblique,  directed  downwards  and  inwards,  so  that  the  knees  are 
closer  together  than  the  hips.  The  degree  of  obliquity  is  greater  in  females 
■  than  in  males.  This,  obliquity  is  correlated  with  the  need  which  exists  during 
walking  of  bringing  each  limb  alternately  into  the  line  of  the  centre  of  gravity 
of  the  body. 

At  the  lower  end  of  each  branch  of  the  linea  aspera  there  is  a  projecting 
epicondyle.  Of  these  the  inner  is  larger,  rounder,  and  bears  above  a  supra- 
condyloid  or  adductor  spur  for  the  tendon  of  the  adductor  magnus.  The 
.  outer  epicondyle  is  rougher,  and  presents,  below  and  behind,  a  groove  directed 
upwards  and  backwards  to  accommodate,  when  the  knee  is  flexed,  the  tendon  of 
the  popliteus,  which  arises  at  its  lower  end.  Above  and  behind  the  outer 
condyle  is  a  rough  area  for  the  origin  of  the  outer  head  of  gastrocnemius  and 
plantaris.  Above  and  behind  the  inner  arises  the  inner  head  of  the  gastro- 
cnemius. The  origin  of  the  latter  extends  nearer  to  the  middle  of  the  bone,  and 
is  more  tuberous  than  that  of  the  former. 

The  femur  articulates  with  three  bones,  gives  origin  to  eight  muscles,  and 
insertion  to  fifteen. 

Development. — The  femur  appears  as  a  rod  of  cartilage  at  the  end  of 
the  third  week  of  foetal  life.  In  the  centre  of  this,  ossification  begins  in  the 
seventh  week.  About  a  fortnight  before  birth  a  bony  nucleus  appears  in  the 
lower  end  (the  only  epiphysis  in  the  body  whose  ossification  begins  before 
birth).  Ossification  begins  in  the  head  ten  months  after  birth  ;  in  the  greater 
trochanter  in  the  fourth  year;  in  the  lesser  in  the  thirteenth.  The  lesser 
trochanter  joins  the  shaft  at  eighteen  years  of  age,  the  greater  trochanter  at 
eighteen  and  a-half,  the  head  at  nineteen,  the  lower  end  at  twenty-one.  The 
neck  is  an  upward  extension  of  the  shaft,  and  separates  the  head  from  the 
trochanters,  which  do  not  coalesce  into  a  single  upper  epiphysis  as  in  the 
.humerus.  At  birth  the  neck  is  small  and  undeveloped  ;  set  on  the  shaft  at  an 
angle  of  about  160°.  The  female  adult  has  a  lower  angle  than  the  male, 
averaging  n8°.  There  is  no  evidence  that  the  neck  angle  alters  appreciably 
after  maturity  is  attained,  but  the  amount  of  the  angle  is  subject  to  much 
variety.  When  the  angle  is  small  the  inner  edge  of  the  shaft  below  it  becomes 
.  flattened  and  appears  as  an  internal  bearing-pilaster. 
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The  greater  trochanter,  the  epicondyles,  and  the  edges  of  the  trochlea  are 
palpable  during  life.  The  top  of  the  trochanter  is  2  cm .  below  the  level  of  the 
head  of  the  bone,  and  nearly  on  the  level  of  the  pubic  spine,  and  7-5  cm.  below 
the  iliac  crest. 

The  nutrient  artery  of  the  shaft  is  a  branch  of  the  middle  perforating  artery, 
and  enters  near  the  middle  third  of  the  linea  aspera.  The  head  is  nourished 
by  branches  of  the  sciatic  artery,  which  enter  posteriorly;  the  great  trochanter 
by  a  branch  of  the  internal  circumflex.  The  condyles  are  pierced  by  many 
holes  for  branches  of  the  superior  articular  arteries. 

The  femur  makes  -274  of  the  stature  in  individuals  of  average  height;  in 
very  tall  men  it  is  about  '277  ;  in  small  men  -272.  The  curve  of  the  head 
departs  a  little  from  the  perfectly  spherical;  most  sagittal  sections  represent 
circles  of  1  mm.  radius  shorter  than  horizontal  sections  (26-5  :  27-3). 

The  cartilage  clothing  the  head  does  not  end  in  an  even  line,  but  its  margin 
is  indented  by  a  notch  above,  by  one  in  front,  and  one  behind. 

The  axis  of  the  neck  is  inclined  to  the  median  plane  at  an  angle  of  70°,  that 
of  the  condyles  at  an  angle  of  820,  showing  that  the  bone  has  been  twisted 
through  an  arc  of  120. 

The  curves  of  the  two  condyles  are  remarkable  and  dissimilar ;  that  of  the 
section  along  the  axis  of  the  outer  condyle  is  a  logarithmic  spiral  having  a 
common  ratio  of  37.  The  curve  of  this  condyle  subtends  an  angle  of  2700,  and 
has  anteriorly  a  radius  vector  of  45  mm.  at  1800  of  28-5  mm.,  posteriorly  of 
16  mm.    The  inner  condyle  has  a  curve  of  2300,  with  a  radius  vector  anteriorly  of 

33  mm.,  posteriorly  of  18 
mm.  It  is  especially  in  the 
curves  of  their  anterior 
third  that  the  condyles 
differ.  In  consequence  of 
this  for  the  first  third  of 
flexion  of  the  knee,  the  mo- 
tion is  a  rotation  of  the  tibia 
around  the  axis  of  a  cone. 
The  cancellous  tissue 
of  the  head  and  neck  of 
the  femur  shows  strongly 
marked  pressure  planes 
starting  in  a  radiating 
manner  from  the  inner 
circumference  of  the  shaft, 
and  ascending  to  the  top 
of  the  head  (figs.  65  and  66, 
A,  A).  From  the  outer 
wall  a  similar  series  of 
planes  ascend  in  the  upper 
part  of  the  neck  to  the 
head.  These  are  inter- 
sected by  a  series  of  strong 
tension  planes  (fig.  66,  B).  Some  of  these  latter  are  the  lines  along  which  muscles 
and  ligaments  exert  their  traction  {C,D,E,F,G,H,I),  and  the  whole  series 
is  one  of  the  most  beautiful  arrangements  of  orthogonal  cancelli  in  the  body. 
The  cancelli  in  the  head  are  round-meshed.  Projecting  into  the  interior, 
from  the  tuberculum  colli  inferius,  is  a  nearly  vertical  plane  of  compact 
bony  tissue,  the  colour  femorale  (fig.  267),  which  extends  towards  the  gluteal 
tuberosity.  This  is  placed  in  the  line  through  which  the  weight  of  the  body 
falls,  and  forms  an  important  element  in  the  stability  of  the  femoral  neck.     It 


Lesser 
trochanter. 


Fig.  267. — Calcar  femoi-ale,  shown  by  section  through  the 
neck  of  the  femur. 
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is  liable  to  absorption  in  old  age,  and  the  neck  of  the  bone  then  becomes 
proportionally  weakened. 

In  the  lower  end  of  the  femur  the  cancellous  planes  are  perpendicular 
and  horizontal,  and  form  a  series  of  rectangular  meshes.  In  certain  ^aces 
the  backward  concavity  of  the  femoral  shaft  is  exaggerated,  and  the  linea 
aspera  is  very  prominent,  the  bone  becoming  a  flanged  pillar  having  its  solid  rib 
on  the  concave  or  compression  side,  and  its  wide  front  on  the  convex  or  tension 
side.  Such  a  femur  is  said  to  be  pilastered.  The  same  kind  of  mechanical 
necessity  causes  an  increase  of  transverse- width  and  a  diminution  of  sagittal 
thickness  below  the  lesser  trochanter  in  femora  of  certain  curvatures. 

Beside  the  character  of  the  head  and  neck  above  referred  to  (§  89),  the  femur 
differs  from  the  humerus  in  the  expansion  of  the  extensor  aspect,  in  the 
corresponding  reduction  in  the  flexor  area  to  the  interval  between  the  lips  of 
the  linea  aspera,  in  the  direction  of  the  nutrient  foramen,  and  the  reduction 
of  the  distal  articulation  to  one  for  the  preaxial  bone  of  the  leg  only. 

108.  THE  HIP-JOINT  is  an  enanthrodia  wherein  the  ball  of  the  femoral 
head  is  tightly  held  in  its  socket.  Around  it  are  strong  muscles,  in  front  the 
psoas  and  iliacus;  internally,  the  pectinetis  and  obturator  extemus;  behind,  the 
quadratics  femoris,  obturator  interims,  and  its  two  accessory  gemelli,  and  the 
pyriformis  ;  and  externally,  the  gluteus  medius  and  minimus,  and  rectus  femoris. 


Curved  head 
of  rectus.     — 
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deficiency. 


v     / 

Fig.  268. — Anterior  surface  of  hip-joint  showing  ilio-femoral  and  pubo-femoral  ligaments. 

The  fascial  sheaths  of  some  of  these  muscles  dipping  inwards  become  attached 
in  the  intermuscular  intervals  to  the  capsule  of  the  joint,  making  a  series  of 
external  accessory  strengthening  bands  which  are  often  described  as  accessory 
ligaments,  although  they  are  quite  inseparable   from  the  rest  of  the  capsule 

(fig.  268).    The  strongest  of  these  bands  is  the  ligamentum  ilio-femorale 

(fig.  268),  a  widely  triangular  structure  attached  to  the  sheath  of  the  iliacus 
internally,  and  to  that  of  the  gluteus  minimus  externally,  and  passing  from 
the  brim  of  the  acetabulum  below  the  inferior  spine  to  the  tuberculum  colli 
inferius  and  spiral  line,  as  high  as  the  insertion  of  the  gluteus  minimus. 

This  is  the  strongest  part  of  the  capsule,  and  serves  to  restrict  extension  and  eversion. 
When  the  femoral  head  is  forcibly  driven  backwards  this  band  acts  as  a  hxed  axis,  around 
which  the  bone  is  made  to  rotate,  so  directing  the  dislocated  head  of  the  femur  towards 
the  dorsum  of  the  ilium.  It  is  seldom  torn  in  a  simple  dislocation.  The  upper  and  inner 
fibres  which  are  connected  to  the  fibres  of  the  iliacus,  and  the  lower  which  are  closely- 
connected  externally  to  the  tendon  of  the  gluteus  minimus,  are  stronger  than  those  inter- 
mediate, and  are  sometimes  described  as  if  separable  from  the  rest  of  the  capsule  and  from 
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each  other,  under  the  name  of  the  Y-shaped  ligameut  of  Bigelow.     The  upper  and  outer  band 
was  originally  described  as  the  external  ilio-femoral  ligament. 

The  fascia  between  the  jjectineus  and  obturator  extemus,  at  its  insertion  into 
the  capsule,  makes  a  prominent  but  weak  internal  accessory  band,  the  pubo- 
femoral ligament,  which  is  attached  to  the  ilio-pectineal  eminence  and  to 
the  tuberculum  colli  inferius. 

This  ligament  is  often  laminated,  with  fat  between  its  layers,  and  is  continuous  into  the 
superficial  part  of  the  obturator  membrane. 

Posteriorly,  the  fascia  between  the  obturator  extemus  and  gemellus  inferior 
makes,  by  its  attachment  to  the  capsule,  the  ischio-femoral  ligament,  a 
variable  thickening  in  the  back  of  the  capsular  ligament  attached  on  the  one 
side  to  the  ischiatic  sub-acetabular  groove,  and  on  the  other  partly  to  the 
zonary  fibres  of  the  capsule  (the  ischio-capsular  part\  partly  into  the  femur 
above  the  digital  fossa. 

Beneath,  but  inseparable  from  these,  is  the  capsule  proper,  consisting 
of  two  sets  of  fibres,  one  direct,  arising  from  the  outside  of  the  edge  of 
the  acetabulum,  and  inserted  into  the  anterior  linea  spiralis  and  by  very  weak 
fibres  into  the  back  of  the  neck  of  the  femur.  The  second  series  consists  of  a 
band  of  ring-like  fibres  which  arise  with  the  longitudinal  fibres  of  the  ilio- 
femoral ligament  and  arch  round  under  the  neck  of  the  femur,  becoming  lost 
on  the  upper  and  back  part  of  the  capsule  close  to  the  trochanteric  insertion  of 
the  ilio-femoral  fibres.     This  zona  OPDieulaPis  or  ligament  of  Bertin  makes  a 

conspicuous  thickening  on  the 
hinder  and  lower  aspect  of  the 
neck,  but  elsewhere  is  included  in 
the  layers  of  longitudinal  fibres. 
The  capsule  is  weak  between  the 
ilio-femoral  and  pubo-femoral  liga- 
ments beneath  the  tendon  of  the 
iliopsoas,  where  it  is  often  per- 
forated (fig  268),  also  between  the 
pubo-  and  ischio-femoral  under  the 
obturator  extemus,  and  posteriorly 
under  the  obturator  internus. 

Taken  all  in  all,  the  capsule  of  the 
hip  is  the  strongest  ligament  in  the 
body,  and  is  capable  of  sustaining  a 
weight  of  450  kilos. 

On  dividing  the  capsule  by  a 
circular  incision,  the  head  of  the 
thigh  bone  is  retained  in  its  socket 
by  atmospheric  pressure,  the  re- 
taining force  of  which  is  able  to 
sustain  a  weight  of  20  kilos.,  a 
This  is   due  to  the  socket  beino- 


Fig.  269. — Interior  of  hip-joint  shown  by  division 
of  the  capsular  ligament. 


little  more  than  the  weight  of  the  limb 
deepened  by  a  fibro-cartilaginous  cotyloid  lip  which  is  attached  around  the 
edge  of  the  acetabulum,  its  outer  surface  lying  in  contact  with  the  capsule, 
its  inner  with  the  head  of  the  femur ;  its  attached  border  is  thick,  and  its 
free  border  is  thin. 

The  latter  makes  a  circle  of  about  24  mm.  radius,  while  the  inner  edge  of  the  former  is  a 
circle  of  about  25  mm.,  and  the  equator  of  the  head  of  the  femur  has  a  radius  of  24^5  mm. 
These  proportions  hold,  even  when  the  numbers  vary. 

At  the  cotyloid  notch  the  deeper  fibres  of  the  cotyloid  lip  stretch  from  side 
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to  side,  converting  it  into  a  foramen  under  which  the  fat  of  the  fossa  acetabuli 
projects,  and  the  articular  arteries  from  the  obturator  and  internal  circumflex 
enter  into  the  joint.  These  bridging  fibres,  which  differ  in  structure  from  the 
cotyloid  in  having  no  nests  of  cartilage  cells  among  them,  are  usually  known  as 
the  transverse  ligament.  The  fibres  of  the  cotyloid  lip  are  not  parallel  to  the 
acetabular  edge  but  pass  from  without  inwards,  interlacing  in  the  thickness  of 
the  lip.  From  the  femoral  attachment  of  the  capsule  strong  flat  reflected 
bands  pass  towards  the  margin  of  the  head  of  the  bone  lying  on  the  neck — one 
strong  band  passes  inwards  and  backwards  from  the  tuberculum  colli  superius, 
a  second  from  the  tuberculum  colli  inferius,  and  a  third  from  the  vicinity  of 
the  lesser  trochanter.  These  are  called  the  retinacula  of  Weitbrecht  (fig.  269, 
collum). 

The  ligamentum  teres,  neither  a  ligament  nor  round,  is  a  flattish  band 
of  synovial  membrane,  with  a  narrow  insertion  into  the  fovea  capitis  of  the 
femur  and  a  wider  attachment  to  the  margin  of  the  acetabular  notch,  the 
transverse  ligament  and  the  acetabular  cushion  of  fat.  It  consists  of  a  layer 
of  synovial  membrane  on  a  fairly  firm  connective  basis,  enclosing  a  soft  vascular 
central  core.  This  band  is  sufficiently  long  to  allow  the  head  of  the  femur  to 
be  drawn  out  of  the  socket,  but  not  long  enough  to  allow  it  to  be  displaced 
outside  the  acetabular  edge,  consequently  it  must  be  torn  in  every  dislocation. 
It  ruptures  with  a  stress  of  about  14  kilos.,  and  is  consequently  useless  as  a 
ligament.  Several  minute  vessels  enter  it,  especially  from  the  obturator  artery, 
and  a  few  of  these  pass  into  the  head  of  the  femur.  It  is  made  tense  by 
semiflexion,  adduction  and  rotation  inwards,  and  is  relaxed  by  abduction. 

PopJ  ileal 
Spine,   notch. 


Fib. 


Fig.  270.  —  Patella:  pos- 
terior surface  artificially 
marked  to  show  the 
areas  of  contact  with 
the  femur  in  different 
positions  of  the  knee. 
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Tubercle. 
Fig.  271. — Upper  surface  of  left  tibia,  £. 


The  ligamentum  teres  was  originally  a  portion  of  the  inner  synovial  wall  of  the  capsule 
of  the  joint,  which  has  become  isolated  by  the  extension  of  the  ischiatic  articular  surface. 
This  extension  is  correlated  to  the  increased  need  of  rotation  in  the  joint.  In  the  shoulder, 
where  the  corresponding  coracoid  element  is  but  slightly  articular,  the  homologous  fold  is  still 
marginal. 

Motion  in  the  hip-joint  is  free  in  all  directions,  the  range  from  abduction  to  adduction 
being  900,  from  flexion  to  extension  140°.  Extension  beyond  the  right  line  is  prevented  by 
the  iho-femoral  part  of  the  capsule  and  the  zona  orbicularis  which  also  restrict  rotation. 
Flexion  is  limited  by  the  contact  of  the  anterior  soft  parts  and  by  the  hamstrings  when  the 
knee  is  extended ;  abduction  is  limited  by  the  adductor  muscles  and  pubofemoral  ligament. 

Comparing  the  hip  with  the  shoulder,  it  will  be  noted  that  in  the  former  motion  around  a 
sagittal  axis  can  take  place  through  900,  in  the  latter  through  n8rj.  In  the  hip,  motion 
around  a  coronal  axis  can  be  carried  through  an  arc  of  140° ;  in  the  shoulder  of  1700.  In  the 
hip  rotation  around  a  vertical  axis  can  be  carried  through  450;  in  the  shoulder  through  900. 
In  the  upright  position  of  the  body  the  plane  of  the  centre  of  gravity  is  behind  that  of  the 
axes  of  rotation  of  the  two  hip-joints. 


l8o  PATELLA   AND    TIBIA. 

109.  THE  PATELLA  is  a  large  flattened  sesamoid  bone,  triangular  in 
shape,  with  its  apex  downwards,  placed  in  the  front  of  the  capsule  of  the 
knee,  receiving  at  its  base  the  insertion  of  the  extensor  cruris  muscle,  and 
lying  on  the  trochlea  of  the  femur.  Its  anterior  surface  is  longitudinally 
striated,  covered  only  by  skin,  fascia,  and  bursse,  and  pierced  by  vessels  ;  its 
posterior  surface  is  covered  by  articular  cartilage,  except  at  the  lower  angle, 
and  is  divided  by  a  vertical  ridge  into  two  surfaces,  of  which  the  outer  is  the 
larger.  The  apex  is  rough  for  the  attachment  of  the  ligamentum  patellae  on  its 
deeper  surface. 

The  patella  is  never  in  contact  by  its  whole  articular  surface  with  the  femur ;  in  extreme 
extension  only  its  inner  strip  and  a  small  area  at  its  lowest  part  on  each  side  of  the  middle 
ridge  touches  the  trochlea  (fig.  270,  E  E  and  IE),  in  extreme  flexion  of  the  knee  only  the 
inner  strip  of  permanent  contact  and  the  upper  part  touches  the  femur  (ib. ,  E  F  and  IF);  in 
the  mid-state  an  intermediate  area  lies  on  the  bone  {ib.,  E,  I).  For  these  contacts  the  articular 
surface  is  divided  into  seven  facets  by  two  faint  transverse  and  two  vertical  lines  ;  the  faint 
inner  vertical  line  cuts  off  a  narrow  internal  strip  (ib.,  C),  which  lies  on  the  femur  in  all 
positions ;  the  outer  vertical  line  is  the  middle  ridge,  the  lower  transverse  line  isolates  the 
extension  area,  the  upper  the  flexion  area. 

The  edges  of  the  patella  are  thinner  than  the  middle,  and  give  attachment  to  the  anterior 
spurious  part  of  the  knee  capsule  and  part  of  the  vasti  tendons  ;  the  base  is  oblique,  receiving 
the  central  part  of  the  quadriceps  extensor  cruris. 

Development. — The  patella  appears  as  a  nodule  of  cartilage  during  the 
fourth  month  of  fetal  life,  but  does  not  begin  to  ossify  until  the  end  of  the 
second  year.  Its  vessels  are  derived  chiefly  from  the  superior  internal  and 
external  articular  arteries,  and  no  definite  periosteum  can  be  demonstrated  on 
the  bone  separate  from  the  fibres  of  the  tendons.  The  female  patella  is  pro- 
portionally wider  than  the  male,  and  has  a  vertically  shorter  articular  surface. 

The  patella  articulates  directly  with  one  bone,  receives  the  insertion  of  four 
muscles,  and  gives  origin  to  none.  It  is  liable  to  transverse  fracture  as  the 
result  of  excessive  muscular  action,  and,  as  its  nutrient  arteries  enter  it  from 
above,  care  must  be  taken  in  the  adjustment  of  the  broken  ends  to  prevent 
undue  strangulation  of  these  by  pressure  on  the  front  and  upper  border  of  the 
upper  fragment,  which  is  displaced  upwards  by  the  quadriceps.  The  patella  has 
no  representative  in  the  human  upper  extremity. 

110.  THE  TIBIA  is  the  innermost  of  the  bones  of  the  leg ;  it  is  vertically 
placed,  and  sustains  the  whole  weight  of  the  body.  Its  upper  end  or  head 
(fig.  271),  twice  as  broad  as  the  lower  extremity,  is  divided  into  two  tuberosi- 
ties, outer  and  inner,  separated  behind  from  each  other  by  a  shallow  popliteal 
notch.  Each  tuberosity  presents  above  an  articular  surface  for  the  femur, 
deepened  in  the  recent  state  by  a  semilunar  Cartilage  (fig.  283),  whose 
cornua  are  attached  in  front  and  behind  an  irregularly  bifid  middle  projection, 
the  Spine,  on  either  surface  of  which  the  articular  facets  are  prolonged.  The 
outer  of  these  articular  surfaces  extends  the  farther  forward,  is  almost  round 
and  slightly  convex  in  the  recent  state,  or  nearly  flat.  The  inner  extends  the 
farther  backwards,  is  sagittally  elongated  and  slightly  concave.  Between  these 
articular  surfaces  are  depressions  for  the  crucial  ligaments,  in  front 
and  behind  the  spine.  Anterior  to  these  is  a  rough  surface  covered  by  fat, 
and  a  bursa,  below  which  in  the  middle  line  in  front  is  a  prominent  tubercle, 
into  which  the  ligamentum  patellae  is  inserted.  The  inner  side  of  the  inner 
tuberosity  is  marked  behind  by  a  groove  for  the  semimembranosics  tendon.  The 
outer  has  a  prominent  anterior  projection  close  to  its  edge  for  the  attachment  of 
the  ilio-tibial  ligament  (fig.  271,  Il.-tib.),  and  it  bears  below  and  behind  a  small 
articular  facet,  directed  downwards  and  backwards,  for  the  fibula  (ib.,  Fib). 

The  shaft  is  triquetrous  for  the  upper  two-thirds,  its  inner  surface  being 
flat  and  subcutaneous,  only  giving  attachment  at  its  upper  part  by  short  linear 
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Fig.  272.— Anterior  surface  of  left  tibia,  f.  Fig.  273.— Posterior  surface  of  left  tibia. 
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areas  below  and  internal  to  the  tubercle,  to  the  tendons  of  sartorius  (in  front), 
gracilis  (above),  and  semitendinosus  (below).  The  anterior  margin  (crest  or 
shin)  is  slightly  sinuous,  sharp  for  its  upper  two-thirds,  giving  attachment  to 
the  anterior  tibial  fascia.  The  outer  surface  is  slightly  hollowed,  and  by  its 
upper  two-thirds  gives  origin  to  the  tibialis  atdicus,  above  which  arises  a  slip  of 
the  long  extensor.  The  external  edge  is  a  sharp,  though  not  prominent,  line 
for  the  attachment  of  the  interosseous  membrane.  The  posterior  surface  pre- 
sents, above,  a  transverse  irregular  ridge  for  the  capsule  of  the  knee,  then  a 
triangular  popliteal  surface  for  the  popliteus  muscle,  bounded  below  by  an  oblique 
linea  SOlea,  descending  inwards,  for  the  tibial  head  of  the  soleus  muscle.  The 
back  of  the  shaft  below  this  is  divided  into  two  by  an  irregular,  often  undefined 
Oblique  line,  internal  to  which  arises  the  flexor  digitorum  longus,  externally 
the  tibialis  p>osticus.  The  nutrient  artery  pierces  the  upper  part  of  the  surface 
for  the  last  named  muscle.  At  its  lower  end  the  tibia  becomes  quadrilateral, 
the  outer  edge  dilating  into  a  rough  triangular  interosseous  surface,  concave 
sagittally  to  receive  the  fibula;  the  outer  surface  consequently  becomes  anterior, 
and  is  here  convex  and  smooth,  allowing  the  extensor  tendons  to  glide  over  it. 
The  inner  surface  is  prolonged  down  to  the  lower  end,  where  it  is  continued  on 
the  inner  side  of  the  bone  as  a  flatfish  process,  the  internal  malleolus  or 
ankle,  whose  hinder  border  is  grooved  for  the  tibialis  posticus  tendon. 

The  inferior  surface  presents  a  quadrate  articular  surface  for  the  astragalus, 
concave  sagittally,  convex  transversely,  wider  in  front  than  behind  (6  :  7),  and 
frequently  notched  in  front  for  contact  with  the  neck  of  the  astragalus  in  ex- 
treme flexion.  Externally  this  surface  is  limited  by  the  margin  of  the  interosseous 
surface,  where  it  is  tied  by  ligaments  to  the  fibula.  Internally  the  internal 
malleolus  descends  below  the  level  of  the  joint,  having  an  ear-shaped  continuation 
of  the  articular  surface  on  its  outer  surface,  which  descends  farther  in  front  than 
behind. 

The  transverse  axis  of  the  upper  end  cuts  that  of  the  lower  at  an  angle  of 
350,  which  measures  the  amount  of  torsion  that  has  taken  place  during  growth. 
This  is  greater  in  European  tibia?  than  in  those  of  lower  races.  The  European 
tibia  is  about  22-1  per  cent,  of  the  stature,  the  African  about  23*3 .  In  the 
bush  races  of  South  Africa  the  oblique  ridge  is  very  prominent  behind,  giving 
to  the  bone  a  two-edged  appearance ;  such  a  bone,  is  called  platycnemic.  Many 
pre-historic  tibise  show  this  platycnemism,  which  usually  co-exists  with  a 
diminished  degree  of  torsion  of  the  shaft,  and  with  a  pilastered  femur. 

Development. — Ossification  begins  at  the  upper  end  of  the  shaft  in  the 
eighth  week  of  foetal  life,  and  the  two  ends  are  cartilaginous  at  birth,  the  upper 
epiphysis  appearing  about  the  eleventh  day  after  birth,  the  lower  about  two 
years.  The  lower  epiphysis  unites  at  eighteen,  the  upper  about  twenty-one. 
The  tubercle  is  ossified  by  an  extension  forwards  of  the  upper  epiphysis.  In 
the  infant  the  head  is  bent  farther  back,  with  its  upper  surface  directed  a  little 
backwards  and  upwards,  the  hinder  edge  of  the  upper  articular  facets  is  sharper 
and  deeper,  and  the  fibular  facet  is  more  horizontal.  These  conditions  persist, 
with  variable  distinctness,  in  some  of  the  lower  races.  The  hinder  margin  of 
the  lower  articular  surface  descends  in  front  of  the  anterior  nearly  7  mm.  in  the 
male.  The  curve  of  the  lower  end  sagittally  is  a  segment  of  700  of  a  circle 
3  cm.  in  radius. 

The  tibia  articulates  with  three  bones,  gives  origin  to  six  muscles,  and 
insertion  to  five. 

111.  THE  FIBULA,  the  outer  bone  of  the  leg,  is  slender,  and  in  the 
contour  of  its  surfaces  is  the  most  variable  bone  in  the  body.  It  bears  none  of 
the  weight  of  the  trunk,  but  is  preserved  from  atrophy  for  the  sake  of  the 
muscles  to  which  it  gives  origin,  and  for  the  part  it  takes  in  the  formation 
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Fig.  274. — Anterior  surface 
of  left  fibula,  {. 


Pit  aboue  attachment  of  ligt. 


Fig.  275.— Inner  side  of  left 
fibula,  ^. 


Fig.  276. — Posterior  and 
outer  surfaces  of  left 
fibula,  4. 
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of  the  ankle-joint.  It  lies  nearly  parallel  to  the  tibia  but  behind  its  level, 
especially  above,  not  rising  as  high  as  the  tibia  but  descending  lower  than 
that  bone. 

Its  head  is  irregularly  quadrate,  bearing  a  terminal  plane  articular  surface 
for  the  tibia,  which  is  inclined  to  the  horizon  at  an  angle  of  about  400  so  as  to 
look  forwards  and  upwards.  Around  this  are  three  stumpy  tubercles,  the 
middle  of  which,  the  styloid  process,  rises  the  highest,  and  gives  attachment 
to  the  outer  lateral  ligament  of  the  knee ;  below  the  posterior  tubercle  the 
soleus  muscle  arises ;  below  the  anterior  or  peroneal  tubercle  the  peroneus 
longus. 

The  lower  end  of  the 'fibula  forms  the  outer  ankle  or  external  malleolus, 
which  projects  lower,  is  farther  back,  and  more  prominent  than  the  inner.  It 
presents  a  triangular,  slightly  convex  surface  internally  for  articulation  with 
the  astragalus;  above  this  is  a  rough  surface  for  the  ligaments  which  tie  its 
lower  end  to  the  tibia,  while  below  and  behind  the  facet  is  a  deep  pit  from 
whose  margins  the  external  lateral  ligaments  of  the  ankle  arise.  This  pit  is 
oblique,  and  is  the  easiest  guide  to  indicate  to  the  beginner  the  side  to  which  a 
fibula  belongs,  as  he  can  place  the  bone  in  situ  by  putting  this  pit  downwards, 
backwards,  and  inwards.  The  shaft  of  the  fibula  appears  twisted  at  its  lower 
fourth,  and  presents  a  concave  or  flattish  outer,  a  narrow  anterior,  an  irregular 
posterior,  and  an  interior  surface.     The  outer  side  descends  from  the  anterior 
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Fig.  277. — Vertical  sagittal  section  through  the  inner  half  of  the  left  kuee,  I. 

tubercle  of  the  head,  and  gives  origin  by  a  little  more  than  its  upper  third  to 
the  peroneus  longus,  by  its  lower  two-thirds  to  the  peroneus  brevis,  the  line 
between  these  is  faintly,  if  at  all,  marked,  and  descends  obliquely  from  before 
backwards.  This  peroneal  surface  at  the  lower  fourth  is  directed  backwards, 
the  lower  part  of  the  outer  side  becoming  subcutaneous,  and  continuing  as 
such  to  the  tip  of  the  malleolus  :  this  superficial  part  being  isolated  by  a 
sharp  oblique  ridge  at  its  upper  part.  The  anterior  margin  of  the  bone  is 
sharp,  and  gives  attachment  to  the  anterior  tibial  fascia ;  internal  to  it  is  the 
narrow  anterior  Surface,  which  is  almost  reduced  to  a  line  above,  but 
widens  a  little  below,  giving  origin  to  the  extensor  digitorum  longus  above,  to 
the  peroneus  tertius  below.  Behind  this  surface  is  the  margin  for  the 
interosseous  ligament,  a  faintly  marked  ridge  from  which,  in  front,  a 
few  fibres  of  the  extensor  hallucis  proprius  arise,  behind  which  is  the  inner 
surface,  very  narrow  above,  wide  and  concave  intermediately,  and  narrowing 
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again  below,  from  the  most  of  which  to  the  oblique  line  the  tibialis  posticus 

is  attached.    The  oblique  line  separates  this  from  the  posterior  surface, 

which  is  rough  above  for  its  upper  fifth  below  the  posterior  tubercle  of 
the  head,  giving  origin  to  the  soleus ;  for  its  lower  two-thirds  the  flexor 
hallucis  arises  from  this  surface. 

The  surfaces  and  angles  are  scarcely  alike  in  any  two  fibula?,  as  there  are 
few  mechanical  limitations  to  protect  it  from  being  moulded  by  the  muscles 
attached  to  it. '    Even  in  those  of  opposite  sides  there  are  often  differences. 

In  structure  the  fibula  presents  at  its  upper  end  a  series  of  rectangular 
soft  and  delicate  cancelli,  the  pressure  planes  being  especially  weak.  At 
the  lower  end  the  tension  planes  are  strong,  and  radiate  from  the  attachment  of 
the  tibio-fibular  ligaments;  the  pressure  planes  are  here  weak,  and  where  the 
compact  shaft  joins  the  cancellous  lower  end  the  bone  is  very  apt  to  give  way 
when  the  ankle-joint  is  twisted.  The 
upper  end,  though  weak,  is  so  little 
exposed  to  injury  that  it  is  rarely 
fractured.  The  commonest  seat  of  frac- 
ture is  the  lower  end  of  the  shaft  directly 
above  the  outer  malleolus. 

Development.  —  The  shaft  of  the 
fibula  begins  to  ossify  at  the  early  part 
of  the .  eighth  week ;  a  nucleus  appears 
in  the  lower  end  in  the  second  year,  and 
one  in  the  upper  end  in  the  beginning 
of  the  fourth  year.  The  lower  epiphysis 
consolidates  first  at  about  twenty,  while 
the  upper  remains  detached  until  twenty-  pali-llui 
three.    It  is  interesting  in  this  connection  \ 

to  note  that  the  nutrient  artery  in  general 
runs  downwards,  consequently  the  fibula 
is  an  exception  to  the  general  rule  of 
correlation,  as  the  lower  epiphysis  to- 
wards which  it  runs  is  the  first  to  appear, 
instead  of  the  last.  This  is  explicable 
on  account  of  the  rudimentary  nature  of 
the  upper  end. 

The  fibula  is  essentially  a  bone  of 
origins,  giving  rise  to  nine  muscles  and 
receiving  the  insertion  of  one  only.  It 
articulates  with  two  bones.  The  embryonic  fibula  in  the  fourth  month  has 
a  very  small  outer  malleolus  much  less  than  the  internal.  The  two  malleoli 
become  nearly  equal  in  the  seventh  month,  and  the  outer  assumes  its  adult 
proportion  to  the  inner  within  the  second  year  after  birth  while  yet  unossified. 

112.  THE  KNEE  is  a  modified  ginglymus  whose  bony  articular  faces  are 
not  congruent  but  fitted  to  each  other  by  soft  parts.  It  has  the  largest  articular 
surface  and  synovial  membrane  of  any  joint  in  the  body,  and  though  in  few 
places  more  than  1  cm.  from  the  surface,  yet  it  is  protected  superficially  by 
strong  tendons.  In  front  the  quadriceps,  externally  the  biceps,  posteriorly 
the  popliteus,  outer  gastrocnemius,  plantaris,  inner  gastrocnemius,  semitendinosus, 
semimembranosus;  internally  the  gracilis,  and  sartorius  surround  it.  Of  these 
the  gastrocnemius,  plantaris,  and  sartorius  are  the  only  ones  with  fleshy  fibres 
at  the  level  of  the  joint. 

The  knee  consists  primarily  of  two  morphologically  distinct  joints,  the  femoro-tibial  and 
the  femoro-patellar.  In  man  the  two  are  inseparable,  the  capsule  of  the  knee  being  deficient 
under  the  patella. 


Fig.  278. — Iuner  side  of  right  knee,  \.  The 
word  capsule  is  placed  on  the  border  of 
attachment  of  the  fibres  from  the  vasti 
into  the  capsular  ligament. 
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The  femoro-tibial  joint  is  divided  sagittally  by  the  structures  filling  the  intercondyloid 
notch  into  two  lateral  condylarthroses,  which,  however,  are  only  partially  separated. 
Vertically  the  knee  consists  of  two  joints  separated  by  the  interarticular  semilunar  cartilages— 
an  upper  or  menisco-femoral,  wherein  the  angular  motion  of  flexion  and  extension  takes 
place  and  a  lower  or  menisco-tibial,  wherein  a  certain  amount  of  rotation  can  take  place.  In 
man  the  synovial  cavity  is  continuous  throughout. 

The  capsular  lig'ament  which  underlies  the  surrounding  muscles  consists 
of  a  thin  fibrous  layer,  imperfect  in  front,  weak  in  some  places,  thickened  in 
others.  It  is  supplemented  by  the  attachment  to  it  of  accessory  slips  derived 
from  the  modified  and  adherent  tendons  and  sheaths  of  neighbouring  muscles. 
These  form — A,  the  system  of  patellar  ligaments ;  B,  the  lateral  ligaments ; 
C,  the  oblique  posterior  ligaments. 

A.  In  front  of  the  joint  beneath  the  skin  and  fascia  lata  lies  medially  the 

ligamentum    patellae    (fig.    277), 

which  consists  of  a  strong  flat  band 
of  fibres  descending  from  the  apex 
of  the  patella  downwards,  and  a 
little  outwards  to  the  front  of  the 
tubercle  of  the  tibia.  This  is,  strictly 
speaking,  the  continued  tendon  of 
the  quadriceps  passing  beyond  the 
sesamoid  bone  to  its  insertion.  The 
lateral  fibres  of  the  vasti  which 
descend  on  either  side  of  the  patella, 
together  with  the  sheath  of  the  tendon 
and  the  fascia  lata,  form  a  thin  im- 
perfectly trilaminar  layer  on  each 
side  of  the  patella  and  its  ligament, 
extending  from  the  quadriceps  above 
to  the  tibia  below,  merging  laterally 
into  the  capsule,  for  the  anterior  sub- 
patellar  deficiency  in  which  these,  to- 
gether with  the  patella  and  its  liga- 
ment, compensate. 

Several  strata  of  fibres  can  be 
separated  in  this  lateral  system  of 
patellar  ligaments  to  which  special 
names  have  been  given.  These  con- 
sist of — 1st,  vertical  fibres  descending 
from  the  vasti,  especially  from  the 
vastus  interims,  which  expand  as  they 
descend  to  be  attached  to  the  inner 
condyle  of  the  tibia.  Similar  vertical 
fibres  underlie  and  are  attached  to 
the  ilio- tibial  ligament  on  the  outer 
side.  Beneath  these  lies,  2nd,  a  layer 
of  oblique  fibres  sometimes  described 
as  the  retinacula  of  the  patella;  arising 
from  the  points  of  the  epicondyles 
and   inserted    into  the  edsres  of  the 


Fig. 
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279. — Posterior  surface  of  right  knee,  i. 

Femur;  9,  fibula;  10,  popliteus ;  11,  13, 
descending  fascial  insertion  of  semimem- 
branosus (1)  ;  14,  internal  lateral  ligament; 
15,  tendon  of  semimembranosus  :  19,  inner 
condyle;  12,  anomalous  exostosis. 


patella,  those  on  the  inner  side  are  the  stronger  and  more  distinct  (fig.  278);  still 
deeper  is  a  third  layer  of  fibres  which  decussate  these,  attached  above  to  the 
femur  beneath  the  edge  of  the  quadriceps,  to  the  deep  surface  of  the  quadriceps 
and  side  of  the  patella ;  these  fibres  descend  diverging  to  the  tibia,  and  form 
the  continuation  of  the  true  capsule. 
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B.  (1)  The  internal  lateral  ligament  (fig.  278)  is  a  strong  flat  band 

arising  narrow  from  the  inner  epicondyle  of  the  femur  close  to  the  front  border 
of  the  insertion  of  the  tendon  of  the  adductor  maynus,  of  which  a  portion  of  it 
was  originally  a  continuation ;  its  fibres  diverge  as  they  pass  over  the  medial 
aspect  of  the  joint,  and  many  of  them  are  at  first  inseparably  united  to  the 
capsule,  but  it  separates  therefrom  as  it  descends  along  the  inner  edge  of  the 
tibia  to  be  attached  to  this  edge  of  the  shaft  of  that  bone  a  little  below  the 
level  of  the  tubercle.  Its  hinder  border  appears  distinct  below,  where  it 
bridges  over  the  tendon  of  the  semimembranosus  from  which  it  is  separated 
by  a  bursa;  still  lower  the  inferior  internal  articular  artery  passes  beneath 
it,  and  it  then  becomes  inseparably  attached  to  the  fascial  sheath  of  the 
popliteus  muscle.  It  is  crossed  superficially  by  the  tendons  of  sartorius, 
gracilis,  and  semitendinosus. 

(2)  The  external  lateral  ligament  is  displayed  by  dividing  the  anterior 
part  of  the  tendon  of  the  biceps  above  the  styloid  process  of  the  fibula  (fig. 
279,  4).  It  is  a  round  cord  surrounded  by  the  biceps  tendon,  from  which  it 
is  usually  separated  by  a  bursa,  and  continuous  below  into  the  origin  of  the 
peroneus  longus,  of  which  it  is  a  dismembei'ment.  It  is  attached  to  the 
external  epicondyle,  and  passes  downwards  and  backwards  to  the  peroneal  or 
anterior  tubercle  of  the  head  of  the  fibula 
(ib.,  8),  overlying  the  popliteus  tendon 
(ib.,  6)  and  the  inferior  outer  articular 
vessels. 


Bsc 
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Fig.  280. — Right  knee-joint  opened  show- 
ing the  mucous  and  alar  ligaments. 


Fig.  28 1 .  — Knee  opened  from  behind,  the  femur 
removed,  showing  the  patella  and  its  pouch — 
F,  capsule;  Mm,  semilunar  cartilages;  Lp, 
posterior  crucial  ligament ;  ca,  spine  of  tibia. 
Note  the  thickness  of  the  cartilage  on  the 
outer  and  inner  tuberosities. 


0.  From  the  tendon  of  the  semimembranosus  (ib.,  i)  immediately  above  its  in- 
sertion a  flat  band  (ib.,  17)  ascends  obliquely  outwards  across  the  back  of  the  joint 
over  the  interconclyloid  notch,  and  the  back  of  the  outer  condyle,  to  become 
lost  in  the  capsule  above  this  last.  This  ligamentum  postieum  is  posterior 
to,  but  inseparable  from,  the  back  of  the  capsule  on  which  it  exercises  traction, 
drawing  it  backwards  during  flexion.     It  underlies  the  great  popliteal  vessels. 

The  capsule  proper  can  be  seen  in  the  intervals  between  these  bands,  to 
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the  edges  and  dec])  surfaces  of  which  it  inseparably  adheres.  Posteriorly  it  is 
strong,  and  consists  mostly  of  vertical  fibres  in  several  strata,  separated  by 
small  masses  of  fat,  underlying  the  ligameiitum  posticum  (fig.  279).  This  de- 
scends from  above  the  condyles  and  intercondyloid  notch  to  the  hinder  edge  of 
the  tibial  head.  It  is  pierced  by  several  canals  for  the  azygous  articular  vessels 
and  small  pellets  of  fat,  and  it  has  undefined  masses  of  adenoid  tissue  adherent 
to  its  hinder  surface.  On  the  upper  and  back  part  of  the  outer  condyle  (ib.,  3) 
the  tendons  of  origin  of  the  external  gastrocnemius  and  plantaris  are  adherent  to 
the  capsule,  and  at  their  point  of  origin  there  is  often  a  sesamoid  cartilage  or 
bone.     From  this  there  descends  a  strong,  sometimes  partially  distinct  vertical 

band  of  the  capsule  (posterior  external   lateral   ligament),  which  is 

attached  below  by  two  slips,  one  arcuated  which  curves  inwards  to  be  lost 
in  the  capsule  below  the  ligameiitum  posticum  (ib.,  7,  5),  and  one  direct 
attached  to  the  sheath  of  the  popliteus  tendon  and  styloid  process  of  the  fibula 
(fig.  284).  Above  the  internal  condyle  this  capsule  is  perforated,  and  the 
bursa  beneath  the  internal  head  of  the  gastrocnemius  communicates  thereby  with 
the  joint  in  17  per  cent,  of  limbs. 

To  display  the  internal  structures  in  the  knee-joint  the  quadriceps  tendon  should  be 
divided  above  the  patella,  and  the  fascial  expansion  continued  down  therefrom  should  be 
divided  downwards  on  each  side  to  the  front  of  the  lateral  ligaments.  The  patella  is  then  to 
be  drawn  downwards. 

The  hinder  surface  of  the  ligamentum  patellae  is  covered  by  a  large  cushion 
of  fat  (fig.  281,   Pp),    from   which   on   each   side   a   crescentic   fold   of  synovial 

membrane    extends    upwards 
^fAl^ls^x  along  the  edge  of  the  patella, 

marking  the  limits  of  the 
anterior  deficiency  of  the  cap- 
sule.     These    are    the    alar 

ligaments  (figs.  280  and 
281). 

When  the  joint  is  opened  from 
behind  by  removing  the  lower  end 
of  the  femur  (fig.  281)  the  limit  of 
the  true  capsule  in  front  can  easily 
be  seen,  the  alar  ligaments  form 
the  lower  and  lateral  borders  of  the 
deficiency,  and  they  merge  above 
into  the  border  of  the  opening 
whereby  the  subcrureal  bursa  (Bsc) 
communicates  with  the  joint. 

Prom  the  middle  of  the 
surface  of  the  fatty  mass  there 
ascends  a  flatfish  weak  band  to  the  front  of  the  intercondyloid  notch  (fig.  280). 
This  mucous  ligament  is  the  last  shred  of  the  upper  part  of  the  original 
partition  between  the  femoro-pat°Uar  and  the  femoro-tibial  joints,  and  sur- 
vives because  of  its  use  in  regulating  the  position  of  the  fatty  mass  in  the 
different  positions  of  the  joint. 

The  mucous  ligament  is  the  remains  of  that  part  of  the  front  of  the  capsule  which  was 
originally  adherent  to  the  femoral  origin  of  the  extensor  of  the  toes.  Ify  it  the  sub- 
patellar  cushion  of  fat  is  drawn  upwards  beneath  the  patella  when  the  joint  is  flexed, 
while  it  is  drawn  forward  by  the  ligamentum  patella?  in  extension. 

On  dissecting  through  the  mass  of  fat  a  bursa  is  seen  above  the  tubercle  of 
the  tibia  under  the  ligamentum  patellae.  This  communicates  with  the  knee  in 
8  per  cent,  of  limbs.  Farther  backward  the  last  shred  of  the  lower  part  of  the 
front  of  the  true  capsule  is  seen  as  a  variable  transverse  band  passing  across 
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-Front  of  the  left  knee,  the  patella  and  mucous 
lierament  having  been  removed. 
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from  the  front  border  of  one  semilunar  cartilage  to  the  other,  the  transverse 
ligament,  buried  in  the  fat  on  the  front  of  the  head  of  the  tibia. 

By  dividing  the  mucous  ligament  the  anterior  crucial  ligament  can  be 
seen  in  the  middle  of  the  joint  attached  above  to  the  back  and  inner  part  of  the 
outer  condyle,  passing  forwards  and  downwards  to  the  tibia  in  front  of  the 
spine  between  the  anterior  cornua  of  the  two  semilunar  cartilages.  To  see  the 
posterior  crucial  lig^ament  the  posterior  part  of  the  capsule  should  be 
dissected  away,  whereupon  it  appears  attached  to  the  front  and  outer  aspect  of 
the  inner  condyle,  descending  nearly  vertically  to  be  inserted  behind  the  spine 
of  the  tibia  by  two  slips — one  into  the  bone  behind  the  posterior  cornu  of  the 
internal  semilunar  cartilage,  the  other,  ligament  Of  Wrisberg,  into  the 
hinder  edge  of  the  external  semilunar  cartilage  (fig.  284). 

The  crucial  ligaments  appear  to  cross  each  other  whether  viewed  from  the 
front,  from  the  side,  or  from  above.     Being  placed  behind  the  axis  of  motion, 
they  are  made  tense  by  extension,  as  are  the  lateral  ligaments  with  which  they 
co-operate  in  limiting  rotation.     The  lateral  liga- 
ments   check    rotation  outwards,  but  if  they  be     § 

divided  from  the    femur,  outward    rotation  can    J    .  § 

be  performed  freely.    Rotation  inward  is  checked     g  |>  ^  . 

by  the  crucials.  ^  '-g  e  ^  '§  ,8 

The  semilunar  cartilages  are  crescentic 
menisci,  with  thick,  convex  margins  attached 
to  the  inside  of  the  capsule  of  the  knee,  and 
thin,  concave  edges  directed  inwards  towards  the 
centre  of  the  joint.  The  external  is  nearly 
circular  in  outline,  the  inner  is  semi-elliptical, 
with  its  long  axis  from  before  backwards.  The 
front  and  hinder  ends  of  each  cartilage  ai*e  purely 
fibrous  and  attached  to  the  tibia  before  and 
behind  the  spine.  The  anterior  cornu  of  the 
internal  cartilage  is  attached  in  front  of  that 
of  the  external,  from  which  it  is  separated  by 
the  attachment  of  the  anterior  crucial  ligament. 
The  posterior  cornu  of  the  internal  is  behind 
that  of  the  external,   and    is    generally  divided 

into  a  weak  band  attached  to  the  inner  tooth  •§       "g  ;§* 

of  the  spine,  and  a  stronger  to  the  outer  tooth.  5       |    P 

The   internal    cartilage    is    fixed   to  the  capsule  *.       ^    § 

along  its  entire  convex  margin ;  the  external  is  "g  § 

crossed  externally  by  the  tendon    of  the  popli-  £ 

tens,   and    the    bursa    surrounding    that    tendon 
communicates  with  the  joint  above  and  below      $[„,  2S1 
the  cartilage.       On  this  account,  and   from  the 
greater  laxity  of  the  part  of  the  capsule  attached 

to  the  outer  cartilage,  and  from  the  close  approximation  of  the  cornua  of  this 
cartilage,  the  outer  is  more  freely  movable  on  the  tibia  than  the  inner. 

The  attachment  of  the  convex  border  of  the  semilunar  cartilage  to  the  tibia  is  sometimes 
called  the  coronary  ligament,  but  it  is  nothing  more  than  a  portion  of  the  capsule  arti- 
ficially separated  from  the  rest  in  opening  the  joint.  To  understand  the  proper  relation  of 
the  semilunar  cartilages  to  the  femur,  it  is  advisable,  having  dissected  one  knee-joint  in  the 
ordinary  way,  to  divide  the  capsule  of  another  between  the  inferior  edge  of  the  semilunar 
cartilages  and  the  edge  of  the  tibia,  to  detach  the  crucial  ligaments  and  the  cornua  of  the 
semilunar  cartilages  from  the  tibial  spine,  and  thereby  to  leave  the  cartilages  attached  to  the 
femur.  It  will  be  seen  that  the  superior  coronary  attachment  of  the  cartilages,  i.e.,  the 
portion  of  capsule  between  their  margin  and  the  femoral  condyle,  is  really  as  strong,  though 
looser  than  the  inferior. 


—Semilunar  cartilages 
of  left  knee. 
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The  outer  cartilage  is  grooved  by  the  popliteus  tendon,  the  hole  whereby  the  menisco- 
tibial  joint  communicates  with  its  bursa  has  two  crescentic  borders,  the  outer  of  which  is 
connected  to  the  edge  of  the  posterior  external  lateral  ligament,  aud  through  it  to  the  styloid 
process  of  the  fibula.  The  upper  opening,  or  that  into  the  menisco-femoral  joint,  has  a  strong 
band  of  the  capsule  along  its  anterior  border. 

In  the  motions  of  the  knee  the  patella  glides  over  the  trochlea  femoris,  the 

portion  of  the  patella  and  of  the  femur 
in  contact  varying  at  each  angle  of 
flexion.  In  the  knee-joint  proper  the 
motion  consists  in  the  revolution  of 
the  upper  surface  of  the  compound 
socket  of  meniscus  and  tibia  around  a 
transverse  axis  traversing  the  lower 
end  of  the  femur.  This  axis,  however, 
is  neither  fixed  in  place  nor  direction, 
but  shifts  backwards  in  flexion ;  and 
while  the  direction  of  the  axis  inclines 
backwards  and  inwards  in  the  extreme 
of  flexion,  it  inclines  backwards  and 
outwards  in  extreme  extension,  the  two 
axes  intersecting  each  other  at  an 
angle  of  180.  In  this  motion  also  the 
tibia  itself  rotates  through  a  small  arc 
on  a  vertical  axis  traversing  its  head; 
hence  both  bones  glide  on  each  other, 
and  there  is  no  one  spot  of  either 
always  in  contact  with  the  neigh- 
shift  in  the  axis,  extreme  extension 
is  associated  with  rotation  outwards  of  the   foot,  and    extreme    flexion   with 
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284. — Back  of  left  knee,  the  posterior 
ligament  having  been  removed. 
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Fig.  285. — Horizontal  section  through  femoral  condyles. 

a    very    slight    rotation    inwards.      The   change   from    the    outward    rotation 
takes  place  during  the  first  quarter  of  the  act  of  flexion,   while  the  knee  is 
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moving  from  0°  to  45°.  Extreme  flexion  can  be  carried  through  135°.  The 
shifting  of  the  axis  is  clue  to  the  different  extent  and  form  of  curvature  of 
the  two  condyles,  and  has  been  aptly  compared  to  the  rotation  of  the  fore- 
wheels  of  a  carriage  in  turning  a  corner,  the  inner  condyle  constituting  the 
fixed  wheel  and  the  outer  that  which  rotates  around  it. 

The  line  of  gravity  passes  in  front  of  the  axis  of  motion  in  the  joint,  hence, 
when  the  body  stands  upright  its  weight  suffices  to  keep  the  joint  extended, 
and  the  quadriceps  and  ligamentum  patella?  are  lax. 

The  attachment  of  the  posterior  crucial  ligament,  .which  is  the  strongest  of 
the  intrinsic  ligaments  of  the  knee,  is  the  determining  factor  of  the  rotation 
in  extension.  When  the  rapidly-widening  spiral  of  the  condyles  is  forced 
into  the  sockets,  and  the  bands  between  the  femur  and  the  tibia  are  stretched, 
this  ligament  draws  the  point  of  insertion  and  the  external  semilunar  car- 
tilage backwards  and  inwards,  and  the  weight  of  the  body  retains  them  in 
that  position,  so  locking  the  joint.  By  this  rotation  also  the  ilio-tibial  liga- 
ment is  made  tense.  Flexion  must  consequently  commence  by  a  slight 
rotation  inwards  of  the  tibia,  relaxing  this  ligament,  and  that  is  performed 
by  the  sartorius,  gracilis,  and  semitendinosus,  which  trio  are  thus  associated  to 
unlock  the  fixity  of  the  joint. 

The  knee  may  be  regarded  as  a  pair  of  twin  condylarthroses,  and  the  two 
are  nearly  separated  from  each  other;  posteriorly  the  capsule  and  the  posterior 
crucial  are  united,  while  between  the  two  crucials  there  is  sometimes  a  variable 
narrow  slit  near  their  femoral  ends,  and  the  space  in  front  between  the  anterior 
crucial  and  the  mucous  ligament  is  occasionally  partially  closed  by  a  fold  of 
synovial  membrane. 

In  comparing  the  knee  and  elbow  it  is  to  be  remembered  that  the  knee  is 
equivalent  to  a  humero-radial  joint  only,  with  no  part  representing  the  humero- 
ulnar  joint. 

113.  TIBIO-FIBULAR  JOINTS.— The  bones  of  the  leg  are  united  together 
by  a  plane  joint  above  and  by  a  synarthrodial  joint  intermediately  and  below. 
These  unions  permit  of  very  trifling  motions,  the  maximum  displacement  per- 
mitted at  the  upper  end  being  a  very  slight  sliding  of  one  surface  on  the 
other,  and  at  the  lower  end  a  very  slight  upward  thrust,  varying  in  amount 
in  different  individuals.     No  rotation  can  occur  in  either  joint. 

The  superior  tibiO-fibular  joint  is  surrounded  by  an  imperfect  and 
unequal  capsular  ligament,  attached  around  the  articular  margins,  with  a 
strengthened  anterior  band  of  transverse  fibres  under  cover  of  the  peroneus 
lonyus  and  extensor  digitorum  and  a  weaker  posterior  beneath  and  attached  to 
the  outer  head  of  soleus.  The  capsule  is  usually  deficient  above,  and  the 
popliteal  bursa  communicates  with  the  joint,  thereby  uniting  its  cavity  to 
that  of  the  knee.  Below  the  articulation  is  an  oblique  peroneo-tibial 
band  descending  from  the  fibula  to  the  tibia. 

The  interosseous  lig'ament,  like  that  in  the  forearm,  is  a  membrane 
which  unites  the  outer  edge  of  the  tibia  with  the  antero-ihternal  edge  of  the 
fibula.  It  is  separated  above  from  the  upper  tibio-fibular  joint  by  an  inter- 
space containing  fat  and  traversed  by  the  anterior  tibial  vessels.  The  fibres 
principally  descend  from  tibia  to  fibula,  but  a  few  upper  oblique  fibres  run  the 
other  way;  from  its  front  surface  arise  the  tibialis  anticus  and  extensor  proprius 
hallucis  while  on  it  lies  the  anterior  tibial  artery ;  posteriorly  it  gives  insertion 
to  the  popliteus  and  origin  to  the  tibialis  posticus.  Below,  the  membrane 
divides  into  several  layers  separated  by  masses  of  fat,  but  it  terminates  about 
1  cm.  above  the  ankle. 

The  lower  tibiO-fibular  joint  is  closely  connected  with  the  ankle- 
joint.    From  the  latter  a  pouch  of  the  synovial  cavity  insinuates  itself  for  about 
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5  mm.  between  the  opposed  surfaces  of  the  bones,  which  are  here  tied  together 
by  two  ligaments,  anterior  and  posterior.  The  anterior  is  a  fiat  band  passing 
obliquely  from  bone  to  bone  in  front.  The  posterior  is  very  strong,  attached 
not  only  to  the  hinder  surfaces  of  the  contiguous  bones,  but  also  to  the  opposed 
ed^es  of  the  external  malleolus  and  outer  and  hinder  margin  of  the  tibial 
articular  facet.  Its  anterior  surface  forms  a  hinder  lip  for  the  ankle-joint 
after  the  manner  of  glenoid  ligaments,  though  differing  in  development  from 
a  true  glenoid  lip. 

Above  the  pouch  of  synovial  membrane  continued  up  from  the  ankle,  there 
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Fig.  286.  — Bones  of  the  right  foot,  seen  from  the  inner  side. 

is  a  small  gap  corresponding  to  the  upper  parts  of  the  opposed  triangular 
surfaces  of  the  bones,  the  tibial  side  of  which  is  covered  by  periosteum,  the 
fibular  by  a  fat  holding  membrane. 

114.  THE  BONES  OF  THE  FOOT  in  general  arrangement  correspond  to 
those  of  the  hand,  differing  in  being  modified  for  firmness,  not  mobility.  The 
tarsus  or  first  segment  exceeds  the  metatarsus  in  length,  and  this  the  phalanges. 
The  foot  is  placed  in  a  condition  of  permanent  pronation  and  over  extension, 
and  has  its  plantar  surface  turned  downwards,  its  dorsal  upwards. 

cnicu:   CI 


Fig.  287. — Bones  of  the  right  foot,  seen  from  the  outer  side. 

The  tarsal  bones  are  grouped  in  three  rows — a  basal,  consisting  of  the 
astragalus  and  calcaneum ;  a  central  or  navicular ;  and  a  distal  row  consisting 
of  the  cuboid  and  three  cuneiforms. 

Astragalus  (figs.  286,  Ta;  289)  presents  the  following  parts: — (i)  An 
upper  quadrate  articular  surface  for  the  tibia,  concave  transversely,  convex 
sagittally;  wider  in  front  than  behind  (i  :-8).  In  the  living  limb  the  plane 
of  this  surface  is  horizontal.  (2)  An  earshaped  facet  for  the  internal  malleolus 
on  the  inner  side.  (3)  A  triangular,  vertically  concave  facet  for  the  fibula 
on  the  outer  side.  (4)  An  elongated  ovoid  convex  facet  in  front,  forming 
the  head  Of  the  astragalus  to  articulate  with  the  hinder  concavity  of  the 
navicular.  (5)  A  narrow  convex  facet  below  and  in  front,  continuous  with 
the  last,  for  the  anterior  facet  of  the  calcaneum.     (6)  A  large  concave  facet  on 
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the  posterior  part  of  the  inferior  surface  for  the  hinder  facet  of  the  cal- 
caneum.  It  thus  exhibits  six  facets  which  articulate  with  four  bones.  The 
posterior  non-articular  area  of  the  bone  is  elongated  backwards  into  a  pro- 
cessus posterior,  which  consists  of  three  parts — (7)  a  sulcus  in  the  hinder 
thin   edge    for    the    tendon    of    the  flexor   hallucis    longus ;     (8)  a    prominent 

outer  posterior  tubercle,  external  to  this, 

for  the  posterior  peroneo-astragalar  ligament. 
This  is  occasionally  a  separate  ossicle,  the 
OS  trig'Onum.  (9)  A  rounder  and  less  pro- 
minent inner  posterior  tubercle.  (10)  The 
inner  surface  is  rough  and  irregularly  hollowed 
for  ligaments  between  surfaces  2,  4,  and  7,  whose 
front  and  hind  portions  are  convex  for  liga- 
ments from  the  fibula.  (11)  A  rough  upper 
neck  surface  for  the  anterior  ligament  of  the 
ankle  between  1  and  4,  usually  bearing  a  boss, 
which  limits  the  forward  flexion  of  the  ankle- 
joint.  (12)  A  deep  interosseous  sulcus  on 
its  under  surface  between  surfaces  5  and  6 
passing  from  behind  forwards  and  outwards, 
and  widening  in  front,  giving  attachment  to 
interosseous  ligaments  which  tie  it  to  the 
calcaneum. 

The  astragalus  is  the  only  bone  of  the  tarsus  which 
directly  touches  the  leg  bones,  and  its  long  axis  is 
directed  forwards  and  inwards.     It  consists  of  a  body 
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Fig.  288. — Calcaneum  seen     Fig.  289. — Astragalus 
from  above,  right  side.  seen   from   below, 

right  side. 


Fig.  290. — Bones  of  right  foot, 
plantar  surface. 


behind  and  a  convex  head  in  front.  The  curve  of  its  upper  surface  differs  a  little  along  its 
inner  and  outer  edge.  In  a  detached  astragalus  the  outer  edge  appears  higher  than  the 
inner,  but  during  life  the  two  are  on  the  same  plane,  as  the  obliquity  is  really  in  its  lower 
surface.  The  astragalus  is  a  very  vascular  bone,  and  is  nourished  by  branches  of  the  tarsal 
artery.     It  gives  attachment  to  no  muscles. 

Calcaneum,  OS  Fibulare,  the  largest  and  hindmost  of  the  tarsal  bones, 
which  forms  the  skeleton  of  the  heel,  is  placed  below  the  astragalus,  and  has 
its  long  axis  directed  forwards  and  a  little  outwards.  It  presents — (1)  a 
posterior  projecting  tuber  caleanei  or  heel  process  (fig.  288,  Ca),  whose  hinder 
surface  is  smooth  above  and  covered  by  a  bursa,  rough  and  vertically  striated 
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below  for  the  insertion  of  the  tendo  Achillis,  and  pierced  by  calcanean  branches 
of  the  posterior  tibial  artery;  (2)  a  convex  articular  surface  above,  for  the 
astragalus;  (3)  between  1  and  2  on  the  upper  surface  is  a  rough  convex 
area,  covered  with  fat  during  life  ;  (4)  the  outer  surface  appears  as  a 
vertical  flat  surface,  marked  below  3  by  an  external  tubercle  for  the  peroneo- 
calcanean  ligament,  below  and  in  front  of  which  is  often  (5)  a  trochlear 
process  covered  with  cartilage  for  the  peronei  tendons;  (6)  above  the  anterior 
end  of  this  surface  is  a  tubercle  for  the  extensor  digitorum  brevis;  (7)  anteriorly 
is  a  flat  articular  surface,  sloping  a  little  backwards  and  inwards  at  its  lower 
part,  for  the  cuboid  bone;  (8)  inferiorly  and  behind,  where  the  hinder  and  lower 
surfaces  join,  two  plantar  tubercles  project  downwards,  a  large  internal, 
and  a  small  sharp  external  ;  from  these  the  plantar  fascia  and  first 
layer  of  plantar  muscles  arise ;  (9)  in  front  of  these,  and  separated  from  them 
by  a  long  rough  surface,  is  the  cuboid  tubercle  for  the  calcaneo-cuboid 
ligament;  (10)  on  the  inner  side  the  bone  is  concave,  pierced  by  vascular 
holes  and  covered  with  fat ;  above,  this  surface  is  prolonged  forwards  into  a 
flat  hook-like  process,  the  sustentaculum  tali,  projecting  inwards  and  under- 
lying the  head  of  the  astragalus,  its  upper  surface  bearing  the  concave  facet  for 
facet  5  of  the  astragalus  (fig.  289,  Fmp);  its  inferior  surface  is  grooved,  in 
continuity  with  the  groove  marked  7  on  the  astragalus,  for  the  tendon  of 
the  flexor  hallucis.  (12)  Between  the  articular  facet  on  the  sustentaculum  and 
facet  2  is  an  interarticular  SUlCUS  (fig.  288,  Si),  corresponding  to  that 
on  the  astragalus,  and  making  when  the  bones  are  apposed  a  sinus  tarsi 
which  is  filled  with  interosseous  ligaments. 

The  calcaneum  is  a  vascular  bone,  and  much  exposed  to  injury;  hence  it  is 
often  diseased.  Most  of  its  veins  escape  at  the  outer  side,  and  are  therefore 
exposed  to  obstruction  from  pressure.  Its  arteries  are  derived  from  the  posterior 
tibial,  and  enter  it  chiefly  below  and  internally.  The 
calcaneum  has  a  thin  outer  compact  layer  covering  a 
mass  of  cancelli,  whose  pressure  planes  radiate  from 
the  posterior  articular  facet  to  the  outer  layer,  and 
are  bound  together  by  curved,  weaker,  traction  planes 
which  cross  these  nearly  at  right  angles.  There 
is  often  a  cavity  or  a  space  with  very  weak  cancelli 
between  the  cuboid  tubercle  and  the  anterior  surface. 
The  calcaneum  articulates  with  two  bones, 
insertion  to  three  muscles,  and  origin  to  five. 

Navicular  (fig.  286,  et  seq.,  N),  in  front  of  the 
astragalus,  is  compi'essed  sagittally  and  elongated 
transversely,  and  presents — (1)  a  posterior   articular 
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Fig.  291. — Inner  series  of 
bones  of  foot,  seen  from 
above — Ta,  astragalus  ;  N, 
navicular  ;  CI,  internal 
cuneiform  ;  CI  I,  middle 
cuneiform ;  CIII,  external 
cuneiform. 


Fig.  292. — Internal  cunei- 
form bone,  seen  from  its 
onter  side — k',  facet  for 
middle  cuneiform ;  k", 
facet  for  second  meta- 
tarsal ;  p,  facet  for  na- 
vicular. 


Fig.  293. — External  cunei- 
form, seen  from  its  inner 
side — k",  facet  for  outer 
side  of  second  meta- 
tarsal ;  a,  anterior  facet 
for  third  metatarsal;  k, 
surface  for  interosseous 
licraments. 
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concavity  for  the  head  of  the  astragalus  ;  (2)  a  superior  rough  surface,  narrow 
and  fiat  from  before  backwards,  but  convex  from  side  to  side,  elongated 
internally  and  below,  into  (3)  the  navicular  tubercle  (fig.  291,  Tn),  which  is 
palpable  in  the  living  foot  in  front  of  and  below  the  inner  ankle.  (4)  The 
anterior  or  distal  surface  of  the  bone  is  convex,  and  marked  by  three  triangular 
surfaces,  an  inner  with  the  base  below  for  the  inner  cuneiform,  a  middle 
and  an  outer  with  their  bases  above  for  the  middle  and  outer  cuneiforms 
respectively  ;  (5)  externally  the  bone  has  a  rough  narrow  end  with  an  incon- 
stant facet  for  the  cuboid.  (6)  On  the  lower  surface,  the  tubercle  projects, 
giving  insertion  to  the  tibialis  posticus,  external  to  which  the  bone  is  rough 
and  knobby  for  deep  ligaments  (fig.  290,  Tuberos).  This  bone  articulates  with 
four  bones  always,  occasionally  with  five,  gives  insertion  to  one  muscle,  and 
origin  to  none.     Its  strongest  cancelli  run  sagittally. 

Internal  Cuneiform  or  Tarsale  I. — This  bone  is  a  wedge  with  a  rounded 
base  below,  a  kidney -shaped  anterior  and  a  smaller,  triangular,  concave  hinder 
articular  surface,  the  former  for  metatarsal  I.,  the  latter  for  the  navicular. 
Externally  it  has  an  articular  facet  along  its  hinder  and  upper  margin  like  a 
reversed  L,  in  front  of  which  is  an  area  for  interosseous  ligaments  and,  still 
farther  forward,  a  facet,  near  its  dorsal  border,  for  metatarsal  II.  Its  inner  side 
is  grooved  from  above  downwards  and  forwards  for  the  tendon  of  the  tibialis  anti- 
cus,  and  its  plantar  base  is  rounded  and  rough,  giving  attachment  to  ligaments, 
to  a  slip  of  tibialis  posticus,  and  to  the  flexor  brevis  hallucis.  This  bone  articulates 
with  four  bones,  gives  origin  to  one  muscle,  and  insertion  to  two  (fig.  292). 

Middle  Cuneiform  or  Tarsale  II. — The  smallest  bone  of  the  tarsus, 
a  wedge  with  a  square-cut  flat  base  directed  upwards,  and  a  sharp  edge  directed 
towards  the  sole.  Its  proximal  end  is  a  little  the  wider,  and  articulates  with 
the  navicular,  while  the  distal  has  a  triangular  facet  for  metatarsal  II. 
Internally  it  has  a  reversed  L-shaped  facet  along  its  hinder  and  upper  border 
for  the  inner  cuneiform  bone,  while  externally  it  has  a  vertical  somewhat 
bilobed  facet  along  its  hinder  border  for  the  outer  cuneiform.  It  articulates 
with  four  bones,  gives  partial  origin  to  one  muscle,  but  insertion  to  none. 

External  Cuneiform  or  Tarsale  III.  is  larger  and  wedge-shaped,  with 
flat  dorsal  base  and  plantar  apex.  Like  the  middle,  it  has  a  triangular  facet 
behind  for  the  navicular,  and  one  anteriorly  for  metacarpal  III.,  both  of 
which  are  cut  somewhat  obliquely,  so  that  they  form  acute  angles,  the  anterior 
one  with  the  inner  side  of  the  bone,  the  hinder  with  the  outer  side.     Like  the 


Fig.  294. — Right  middle  cuneiform  bone, 
external  surface — p,  facet  for  navicular ; 
k',  facet  for  external  cuneiform ;  k, 
rough  space  for  interosseous  ligaments. 


Fig.  295. — Transverse 
section  across  the 
cuneiform  and  cuboid 
bones. 


Fig.  296.  —  Right 
cuboid  bone,  front 
view. 


middle  it  has  also  two  lateral  facets  along  the  posterior  margin  of  each  lateral 
surface  for  the  cuboid  and  the  middle  cuneiform  respectively,  but  it  differs 
from  the  middle  in  size,  in  having  a  convex  outer  and  concave  inner  surface, 
and  in  having  also  two  very  small  marginal  facets  along  its  distal  borders 
for  metatarsals  II.  and  IV.  It  thus  articulates  with  six  bones,  gives  origin 
to  one  muscle,  and  insertion  to  a  slip  of  the  tibialis  posticus. 

The  Cuboid  made  up  of  the  combined  fourth  and  fifth  tarsals,  is  an  irregu- 
larly cubical  bone  in  front  of  the  calcaneum,  and  bears  anteriorly  two  articular 
surfaces  for  metatarsals  IV.  and  V.  (fig.  295).     The  anterior  and  posterior  sur- 
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faces  converge  externally,  so  that  the  outer  non-articular  margin  is  short. 
Internally  it  presents  a  facet  for  the  external  cuneiform,  reaching  the  dorsal 
surface ;  in  front  and  behind  this  are  areas  for  ligaments :  sometimes  a 
second  facet  for  the  navicular  is  on  its  hinder  and  inner  margin.  The  upper 
surface  is  rough  and  plane,  the  lower  is  crossed  by  a  prominent  rough  ridge,  the 
Cuboid  tuberosity,  for  the  calcaneo-cuboid  ligament,  in  front  of  which  is  a 
deep  groove  directed  obliquely  forward  for  the  jyeroneus  longtis.  It  articulates 
with  four,  often  with  five  bones,  gives  insertion  to  a  slip  of  the  tibialis  posticus, 
and  gives  origin  to  two  muscles,  the  flexor  and  oblique  adductor  of  the  hallux. 

The  line  of  junction  of  the  astragalus  and  calcaneum  behind,  with  the 
navicular  and  cuboid  in  front,  is  sometimes  taken  advantage  of  in  partial 
amputation  of  the  foot,  and  is  known  as  Chopart's  line.  It  will  be  observed 
that  there  is  a  posterior  calcanean  process  of  the  cuboid,  which  undershoots  the 
calcaneum,  and  so  supports  its  front  border. 

Development. — Each  tarsal  bone  ossifies  from  a  single  centre.  That  of 
the  calcaneum  appears  in  the  sixth  month  of  foetal  life ;  that  of  the  astragalus 
in  the  seventh ;  that  of  the  cuboid  at  birth  ;  the  external  cuneiform  in  the  first 
year ;  the  internal  in  the  third  :  and  the  middle  in  the  fourth  ;  the  navicular  in 
the  fifth.  An  epiphysial  crust  forms  for  the  calcaneum  posteriorly  in  the  tenth 
year,  and  consolidates  at  sixteen. 

The  tuberosity  of  the  calcaneum  represents  the  pisiform  bone  in  the  hand, 
being  the  remains  of  a  sixth  digit ;  it  is  fused  with  the  germ  of  the  fibulare, 
which  forms  the  body  of  the  calcaneum.  The  astragalus  is  the  representative  of 
the  rest  of  the  first  row  of  the  carpus,  and  is  essentially  a  tibiale,  into  which  a 
small  prehalluceal  strip  of  cartilage,  which  existed  on  the  inner  side  of  the 
tarsus  in  the  second  month,  has  become  worked  up.  This  portion  which  gives 
rise  to  the  outer  tubercle  of  the  posterior  process  may  remain  isolated,  and 
become  separately  ossified  as  the  os  trigonum,  which  thus  represents  the  inter- 
medium. The  navicular  represents  the  centrale.  The  cuboid  represents  the 
unciform ;  and  the  three  cuneiforms,  respectively,  the  trapezium,  trapezoid,  and 
magnum. 

The  metatarsals  are  five  and  form  a  closely  united  row,  whose  proximal  ends 
gradually  slope  backwards,  so  that  a  transverse  line  continued  across  from  the 
first  tarso-metatarsal  joint  cuts  the  shaft  of  the  fifth  at  its  posterior  two-fifths, 
and  the  plane  of  the  head  of  the  fifth  similarly  divides  the  first  at  its  anterior 
two-fifths.  Each  has  a  squarely  cut  proximal  end  with  flat  articular  surfaces, 
a  shaft  which  is  somewhat  triangular  but  with  no  triangular  dorsal  flat  surface, 
and  which  tapers  to  its  phalangeal  end,  and  a  laterally  compressed,  vertically 
elongated,  distal  articular  surface,  which  is  twice  as  long  as  it  is  broad.  Each 
has  two  lateral  proximal  facets  for  mutual  articulation,  and  a  rough  pit  for 
ligaments  immediately  behind  it.  The  first  is  exceptional  in  character,  it  is 
thick  and  strong,  expanded  at  its  distal  end,  having  a  kidney-shaped  proximal 
articular  facet  convex  inwards,  with  a  strongly  marked  plantar  tuberosity,  which 
is  rough  and  hollowed  laterally  for  the  insertion  of  the  tendon  of  the  peroneus 
longus,  ridged  medially  for  the  tibialis  anticus.  The  shaft  is  very  concave 
below.  The  distal  head  is  large,  with  a  rounded,  laterally  compressed  articular 
surface,  marked  by  two  large  plantar  facets  for  the  articulations  of  the  sesa- 
moid bones. 

The  second  metatarsal  is  the  longest,  its  proximal  end  occupying  a 
mortice  space  between  the  external  and  internal  cuneiforms  ;  it  has  conse- 
quently on  its  base  not  only  a  terminal  facet  for  the  middle  cuneiform  but  two 
lateral  facets  on  each  side;  it  has  facets  for  the  internal  cuneiform,  and 
occasionally  for  the  first  metatarsal  on  the  inside,  and  for  the  external  cuneiform 
and  third  metatarsal  on  the  outside.  The  facet  for  the  third  usually  consists 
of  two  separate  rounded  surfaces,  a  dorsal  and  a  plantar. 
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The  third  metatarsal  is  a  little  shorter  and  is  marked  by  an  obliquely 
cut  base,  whose  acute  angle  is  external.  Its  proximal  end  has  two  lateral 
facets  on  the  inside,  one  dorsal  and  one  plantar  for  the  second  metatarsal,  and  on 
the  outside  a  single  longer  facet  for  the  fourth.  The  fourth  metatarsal  has 
also  an  oblique  base,  with  a  single  lateral  facet  on  its  outside,  and  two  on  the 
inside,  one  very  small  and  marginal  for  the  external  cuneiform,  and  a  second  larger 
for  the  third  metatarsal.     The  ligamentous  pit  on  its  outer  side  is  very  deep. 

The  fifth  has  a  transversely  elongated  facet  for  the  cuboid,  a  long,  rough 
tuberosity  projecting  outwards,  palpable  through  the  soft  parts,  and  a  very 
small  phalangeal  head. 

Development. — Each  metatarsal  developes  by  means  of  a  shaft-centre, 
which  appears  in  the  ninth  week.  In  addition,  the  first  metatarsal  has  an 
epiphysis  at  its  proximal  end  appearing  in  the  third  year,  and  consolidating  at 
twenty.  The  other  metatarsals  have  distal,  not  proximal,  epiphyses,  which 
appear  at  different  periods  from  five  to  eight  years  of  age,  and  consolidate  at 
twenty-one.  The  nutrient  artery  runs  towards  the  toe  in  the  first,  towards  the 
ankle  in  the  others. 


Fig.  297. — Sagittal  and  coronal  vertical  sections  through  the  ankle-joint, 
showing  the  relations  of  the  cancelli  and  of  the  synovial  membranes. 

The  first  metatarsal  articulates  with  four  bones,  the  second  with  five,  the 
third  with  four,  the  fourth  with  four,  and  the  fifth  with  three.  The  first  gives 
insertion  to  one  muscle  and  origin  to  one,  the  second  gives  origin  to  three,  the 
third  to  five,  the  fourth  to  five,  and  the  fifth  gives  insertion  to  two  and  origin 
to  five. 

The  phalanges  in  the  foot  are  fourteen,  as  in  the  hand,  but  each  bone  is 
shorter.  The  proximal  phalanges  have  narrow,  laterally  compressed  shafts, 
dilated  proximal  ends,  marked  with  strong  lateral  tubercles  and  trochlear  distal 
ends.  That  of  the  first  is  the  largest,  and  the  others  follow  in  numerical  order. 
The  bases  also  diminish  in  depth  from  within  outwards.  That  of  the  first 
is  more  than  treble  the  bulk  of  any  of  the  others. 

The  medial  phalanges  are  short,  with  a  trochlear  hollow  at  the  proximal, 
a  trochlear  convexity  at  the  distal  end.  The  shafts  diminish  in  size  rapidly 
from  within  outwards,  that  of  the  fifth  being  an  irregular  flattened  cube.  The 
ungual  phalanges  have  trochlear  bases  and  short,  broad,  semicircular  ungual 
processes ;  that  of  the  first  is  the  largest,  then  that  of  the  third,  second,  fourth 
and  fifth  successively.  The  second  and  third  phalanges  of  the  little  toe  usually 
ankylose  in  the  adult. 

The  foot  is  narrowest  at  the  heel,  widens  to  the  heads  of  the  metatarsal 
bones,  and  its  bones  form  an  antero-posterior  arch  with  a  single  pier  behind  (the 
calcaneum),  and  a  double  pier  in  front,  one  at  the  distal  end  of  the  first  meta- 
tarsal internally,  the  other  at  the  tuberosity  of  the  fifth  metatarsal  externally. 
The  weight  of  the  body  comes  on  the  interval  between  the  first  and  second  of 
these.  The  foot  may  He  longitudinally  divided  into  two  parts  (fig.  291),  the 
astragalus  bears  anteriorly  the  navicular,  cuneiforms,  and  the  three  inner  toes  ; 
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the  calcaneum  bears  the  cuboid  and  the  two  outer ;  the  inner  side  of  the 
foot  is  the  more  actively  functional  in  weight-bearing;  the  outer  is  essentially 
retrogressive,  and  shows  many  signs  of  degeneration  of  its  separate  elements. 

The  antero-posterior  arch  is  kept  up  by  the  strong  plantar  ligaments,  and  by 
the  obliquities  of  the  articular  surfaces  of  the  bones.  There  is  a  transverse 
arch  (fig.  295)  with  its  two  piers  at  the  cuboid  and  fifth  metatarsal  externally, 
and  at  the  internal  cuneiform  and  first  metatarsal  internally.  This  is  produced 
by  the  wedge-shapes  of  the  cuneiform  bones  and  heads  of  the  metatarsals. 

115.  JOINTS  OF  THE  FOOT.— The  articulations  of  the  foot  are  firmer 
and  less  movable  than  those  of  the  hand,  and  the  ligaments  have  a  tendency  to 
become  fasciculated  and  to  run  into  cords,  while  those  of  the  hand  tend  to 
diffuse  themselves  into  expansions.  In  rest  the  foot  is  in  a  position  of  over- 
extension, and  the  condition  which  is  called  flexion  of  the  ankle  corresponds  to 
the  extreme  of  extension  in  the  wrist,  while  the  foot  cannot  be  brought  into 
the  right  line  with  the  leg.  Abduction  and  adduction  as  well  as  rotation  can 
take  place  in  the  joint  between  the  astragalus  above  and  the  calcaneum  and 
navicular  below  more  freely  than  in  the  ankle  proper.  The  range  from 
extreme  flexion  to  extreme  extension  is  6o°.  The  total  amount  of  lateral 
motion  of  the  foot  is  about  400,  and  is  mostly  intertarsal. 

The  ankle  is  an  imperfect  ginglymus  in  which  the  astragalus  fits  as  a  tenon 
into  the  hollow  mortice  cavity  of  the  lower  end  of  the  combined  tibia  and 
fibula.  It  is  protected  by  strong  tendons  which  are  ranged  in  order  round  it, 
viz.  : — Medially  behind,  the  tendo  Achillis ;  the  peroneus  longus  and  brevis 
behind  the  outer  ankle  ;  the  flexor  hallucis,  flexor  digitorum,  and  tibialis  posticus 
behind  the  inner  ankle.     In  front  from  without  inwards  are  peroneus  iertius, 


Anterior  astragalo- 
tibial  ligament. 

Tibionaviculai 
fibres. 


Tibio-calc. 
navic.  ligament 

Post,  astrag. 
tibial  ligament. 

Groove  for  f. 
hall. 


Fig.  29S.—  Inner  side  of  the  right  ankle-joint,  f 

extensor  digitorum,  extensor  hallucis,  and  tibialis  anticus.  It  is  also  surrounded  by 
an  imperfect  capsular  ligament  attached  above  to  the  front  and  back  edges  of  the 
articular  surface  of  the  tibia,  below  to  the  astragalus  around  its  upper  articular 
surfaces.     Posteriorly  it  is  weak  and  inseparable  from  the  synovial  membrane  ; 
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anteriorly  it  is  strengthened  by  a  few  oblique  fibres,  and  is  separated  from  the 
synovial  membrane  by  a  mass  of  fat ;  on  the  former  surface  it  is  transversely 
folded  in  extension,  on  the  latter  in  flexion.  The  oblique  anterior  fibres  pass 
from  the  supra-articular  ridge  of  the  tibia  and  front  of  the  internal  malleolus  to 
the  front  and  outer  part  of  the  neck  of  the  astragalus.  They  are  sometimes 
separated  from  the  rest  of  the  capsule  under  the  name  anterior  ligament. 

The  inner  side  of  the  capsule  is  strengthened  into  a  special  fasciculated 
internal  lateral  ligament,  a  flat  triangular  band  which  extends  from  the 
notched  lower  edge  of  the  inner  malleolus  to  the  inner  side  of  the  astragalus, 
sustentaculum  tali,  inferior  calcaneonavicular  ligament,  and  the  navicular  bone ; 
with  a  little  dissection  this  can  be  separated  into  four  parts,  a  tibio-calcaneo- 
navicular  slip,  an  anterior  aslragalo-tibial,  a  posterior  astragalo-tibial,  and  a 
calcaneo-tibial  slip,  but  these  are  only  differentiated  bands  of  this  portion  of  the 
capsule.     On  the  outer  side  the  capsule  has  become  completely  specialised  into 

three  separate  cords,  an  anterior  astragalo-fibular  ligament  from  the 


Post,  tibio-fibular  ligament. 
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Fig.  299.  — Outer  side  of  the  ankle-joint. 

front  of  the  fibula  to  the  outer  part  of  the  neck  of  the  astragalus,  a  middle  or 
Calcaneo-fibular  ligament  passing  to  the  calcaneum  from  the  lower  end  of 
the  fibula,  and  an  ascending  fasciculated  posterior  astragalo-fibular  from 
the  back  of  the  groove  in  the  fibula  to  the  outer  posterior  tubercle  of  the 
astragalus. 

When  the  ankle  is  flexed  the  wide  part  of  the  astragalus  is  driven  between 
the  two  malleoli,  raising  the  outer  a  little,  and  stretching  the  interosseous 
ligaments ;  when  extended,  the  narrower  end  lies  between  the  malleoli,  and  in 
that  position  a  little  lateral  motion  is  possible. 

In  extreme  flexion  the  middle  articular  process  of  the  tibia  fits  into  a  fossa 
on  the  dorsal  surface  of  the  neck  of  the  astragalus,  and  further  motion  in  this 
direction  is  limited  by  the  prominent  boss  which  borders  that  fossa  in  front. 

The  astragalus  forms  two  joints  with  the  other  tarsal  bones,  one  the  posterior 
astragalo-calcanean,  the  second  an  astragalo-calcaneo-navicular.  These  are  the 
most  important  of  the  intertarsal  joints.  The  first  of  these  is  surrounded  by  a 
Capsule,  which  is  split  up  into  several  distinct  slips,  in  the  intervals  between 
which  the  synovial  membrane  has  but  a  weak  fibrous  investment ;  behind,  it 

forms  a  thin  posterior  astragalo-ealcanean  ligament,  often  bifid,  from  the 

posterior  external  tubercle  of  the  astragalus  to  the  upper  and  inner  surface  of 
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the  calcaneum.  Anteriorly,  the  capsule  of  this  and  of  the  anterior  astragalo- 
calcanean  articulations  are  united  and  form  the  thick,  strong  interosseous 
lig'aments  filling  up  the  largest  part  of  the  sinus  tarsi.  These  consist  of  two 
imperfectly  separate  layers  of  fibres,  one  belonging  to  the  posterior,  the  other 
to  the  anterior  astragalo-calcanean  joint.  Externally  the  capsule  is  deficient 
under  the  calcaneo-fibular  and  astragalo-fibular  ligaments ;  but  at  the  external 
mouth  of  the  sinus  tarsi  there  is  an  external  astragalo-calcanean  ligament  from 
the  upper  and  anterior  tubercle  of  the  calcaneum  to  the  ridge  on  the  outside 
of  the  neck  of  the  astragalus.  Internally  it  forms  an  internal  ealeaneo- 
astragalar  band  from  the  posterior  internal  tubercle  of  the  astragalus  to  the 
back  of  the  sustentaculum. 

The  head  of  the  astragalus  lies  anteriorly  in  a  socket  formed  by  the 
navicular  bone,  the  anterior  concave  facet  on  the  sustentaculum  tali,  and  the 
calcaneonavicular  ligament  which  unites  the  anterior  edge  of  the  sustentaculum 
tali  with  the  inner  and  lower  border  of  the  scaphoid.  This  ligament  is  nearly 
6  mm.  thick,  and  presents  a  fibro-cartilaginous  triangular  upper  surface  upon 
which    the   head   of  the  astraa-alus   rests.     A  small   detached   outer  calcaneo- 
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Fig.  300. — Posterior  ligaments  of  the  ankle. 

navicular  slip  on  the  plantar  aspect  close  to  the  cuboid  completes  the  boundary 
of  the  socket. 

This  joint  is  protected  by  an  imperfect  and  subdivided  capsule,  whereof 
the  dorsal  surface  consists  of  two  sets  of  decussating  fibres  arising  together  from 
the  upper  ridge  on  the  neck  of  the  astragalus,  whereof  the  outer  half  pass 
inwards  and  the  inner  set  pass  outwards  to  be  attached  over  the  navicular, 
extending  as  far  as  the  middle  cuneiform.  These  are  supplemented  internally 
by  the  continued  anterior  fibres  of  the  internal  lateral  ligament  of  the  ankle, 
from  which  they  are  inseparable.  Posteriorly  the  back  of  the  capsule  of  this 
joint  forms,  with  the  anterior  part  of  the  astragalo-calcanean  capsule,  the 
interosseous  ligament  before  mentioned. 

The  other  intertarsal  joints  are  plane  joints  whose  capsules  have  been 
reduced  to  flat  bands. 

The  ealcaneo-CUboid  joint  and  the  most  of  the  intertarsal  joints  are  pro- 
tected below  by  a  great  fibrous  plantar  mass,  ligamentum  longum  plantSB, 
arising  from  the  whole  rough  under  surface  of  the  calcaneum  and  its  tubercles. 
This  divides  distally  into  lanielke,  of  which  the  longest  is  the  most  superficial, 
and  is  inserted  into  the  bases  of  the  outer  metatarsals,  giving  origin  to  some  of 
the  muscles  of  the  sole,  especially  the  adductor  hallucis  obliquus.     This  layer 


LIGAMENTS    OF    THE    FOOT. 


20I 


sheathes  the  tendon  of  the  peroneus  longus.  The  second  or  deeper  layer  is 
attached  to  the  cuboid  tuberosity,  along  which  it  expands,  and  the  third  or 
deepest  layer  passes  forwards  and  inwards  to  the  inner  border  of  the  cuboid, 
internal  to  and  behind  the  tuberosity. 

In  front  of  this  and  under  its  superficial  layer  is  the  anterior  transverse 
taPSO-metatarsal  ligament,  which  consists  of  an  internal  and  external  part ; 
the  former  arises  from  the  internal  cuneiform  bone  above  the  tendon  of  the 
peroneus  longus,  and,  passing  over  the  head  of  the  second  metatarsal,  is  inserted 
into  the  third  and  fourth  metatarsals.  The  outer  arises  from  the  apex  of 
the  outer  cuneiform,  and  passes  into  the  tuberosity  of  the  fifth  metatarsal.  A 
posterior  transverse  intertarsal  joins  the  cuboid  and  navicular  below. 

The  calcaneO-CUboid  joint  is  protected  by  an  imperfect  and  fasciculated 
capsule,  of  which  there  are  around  the  articulation  the  following  strengthened 
bands,   two   or  three    dorsal    ealcaneO-CUboid,    the    strongest  of  which    is 
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Fig.  301. — Superficial  plantar  ligaments. 

external ;  below,  the  deep  calcaneo-cuboid  constitutes  a  part  of  the  capsule. 
Internally  there  are  two  strata  of  naviculo-CUboid  ligaments.  These 
often  surround  and  isolate  a  separate  synovial  membrane. 

The  naviculo-CUneiform  joint  consists  of  the  union  of  the  navicular 
behind  with  the  three  cuneiforms  in  front,  and  is  inclosed  in  a  single  capsule ; 
its  synovial  cavity  extends  forwards  between  the  cuneiforms,  as  well  as  between 
the  outer  cuneiform  and  the  cuboid,  while  a  little  pouch  of  it  often  projects 
backwards  between  the  cuboid  and  the  navicular.  Dorsally  the  capsule  is  split 
up  into  five  slips  which  arise  from  the  navicular,  one  to  the  outer  cuneiform, 
two  bands,  outer  and  inner,  to  the  middle  cuneiform,  and  two,  outer  and 
inner,  to  the  inner  cuneiform.  On  the  plantar  side  the  ligament  is  still 
more  irregularly  fasciculated,  and  inseparable  from  the  tendon  of  the  tibialis 
posticus,  as  it  passes  from-  the  navicular  to  the  three  cuneiforms,  especially 
the  internal. 

The  union  of  the  bones  of  the  distal  row  among  themselves  is  by  means  of 
short  transverse  ligaments  in  three  ,  series ;  on  the  dorsal  surface  there  are 
dorsal  *  ligaments    generally    arranged    in    paired    proximal    and    distal    slips 


202 


SYNOVIAL    CAVITIES    AT    THE    ANKLE. 


between  the  respective  bones;  two  such  slips  tie  together  the  cuboid  and  the 
outer  cuneiform ;  several  slips  unite  the  outer  and  middle  cuneiforms,  and  two 
unite  the  middle  and  internal. 

Interosseous  ligaments  bind  together  the  contiguous  surfaces  of  the  cuboid 
and  outer  cuneiform,  the  outer  and  middle,  and  the  middle  and  internal,  the  last 
set  being  double,  anterior  and  posterior.  On  the  plantar  surface  are  three 
similar  sets  of  transverse  fibres. 

The  tarsals  and  metatarsals  are  tied  together  by  short  sagittally  placed  slips, 
which,  however,  do  not  form  regular  capsules  except  for  the  first  and  fifth,  for 
each  of  which  there  is  an  imperfect  capsule  attached  by  their  proximal  margins 
respectively  to  the  inner  cuneiform  and  cuboid  bones.  To  the  proximal  end 
of  the  second  metatarsal  three  bands  converge  dorsally,  one  from  each  cunei- 
form bone ;  three  similar  bands  pass  to  the  third  metatarsal,  and  one  passes 
to  the  fourth.  The  capsule  of  the  fifth  joint  is  a  little  stronger  above  than 
below  ;  that  of  the  first  is  very  strong  below  but-  weak  internally  under  the 
tibialis  anticus.  Very  weak  plantar  tarso-metatarsal  ligaments  unite  the  middle 
cuneiform  and  second  metatarsal,  and  the  outer  cuneiform  and  third. 

The  intermetatarsal  ligaments  between  the  second  and  third  and  the  fourth 
and  fifth  are  two  in  each  space,  a  dorsal  transverse  and  a  dorsal  oblique  farther 
forward,  but  there  is  only  one  between  the  third  and  fourth  transversely,  and 

none  between  the  first  and 
second ;  but  a  very  strong 
transverse  ligament  is 
placed  interosseously  be- 
tween the  first  cuneiform 
and  the  second  metatarsal, 
while  a  second  interosseous 
ligament  is  interposed  be- 
tween the  external  cunei- 
form and  the  second  meta- 
tarsal, and  a  third  between 
the  external  cuneiform  and 
the  third  and  fourth  meta-. 
tarsal. 

At  the  distal  metatarsal 
articulations  there  is  a 
transverse  ligament  differ- 
ing from  that  in  the  hand, 
as  it  involves  the  great  toe 
as  well  as  the  others. 

The  metatarso-pha- 

langeal  joints  resemble  those  of  the  fingers.  The  lateral  ligaments  and 
the  two  glenoid  plates .  are  very  strong,  and  each  joint  has  a  greater  dorsal 
extension  than  in  the  fingers.  The  surfaces  are  incongruous,  and  there  is  a 
convergence  of  the  digits  during  flexion. 

The  two  long  ligaments  of  the  sole,  calcaneonavicular  and  calcaneo-cuboid, 
bear  the  whole  weight  of  the  body  in  standing.  The  weight  is  borne  anteriorly 
on  the  heads  of  the  metatarsal  bones,  not  on  the  toes. 

The  transverse  and  interosseous  ligaments  keep  up  the  transverse  arch, 
thereby  guarding  the  vessels  and  nerves  from  pressure. 

The  line  between  the  tarsus  and  metatarsus,  along  which  a  partial  amputa- 
tion of  the  foot  is  sometimes  performed,  is  known  as  Bey's  line. 

There  are  usually  six  synovial  membranes  related  to  the  tarsal  bones,  one 
in  the  ankle-joint,  a  second  for  the  hinder  astragalo-calcanean  joint,  a  third  in 
thp  astragalo-navicular,  but  this  may  communicate  with  the  ankle,  a  fourth  for 


Fig.  302. — Synovial  membrane  in  ankle  and  intertarsal 
joints — a,  tibia  ;  b,  astragalus  ;  c,  head  of  astragalus  ; 
d,  posterior  articular  surface  of  calcaneum  ;  e,  tuber  cal- 
canei ;  f,  anterior  articular  surface;  g,  navicular;  h, 
cuboid;  i,  k,  I,  cuneiform  bones  ;  m,  n,  o,p,  q,  metatarsals. 
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the  naviculo-cuneiform  extending  between  these  bones  to  the  three  inner  tarso- 
metatarsal joints,  and  usually  into  the  naviculo-cuboid,  a  fifth  between  the 
cuboid  and  the  two  outer  metatarsals,  a  sixth  exists  for  the  calcaneo-cuboid 
joint,  and  a  seventh  occasionally  separates  the  first  metatarsal  from  the  internal 
cuneiform  bone. 

116.  THE  SKULL  consists  of  the  hard  parts  of  the  foremost  united  meta- 
meres  which  constitute  the  head,  and  it  forms  a  case  for  the  protection  of  the 
brain,  sense-organs,  and  the  commencement  of  the  digestive  canal.  It  is  made 
up  of  two  parts,  the  brain  ease  placed  above  and  behind,  and  the  face  below 
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Fig.  303. — Skull  seen  in  norma 
verticalis,  \. 


Fig.  304. — Norma  occipitalis,  \, 


and  in  front.  The  eight  bones  of  the  former  and  thirteen  bones  of  the  latter 
are  united  immovably  by  suture;  while  the  two  remaining  facial  bones,  the 
lower  jaw  and  the  hyoid,  are  movable,  as  are  the  three  small  bones  in  each 
tympanic  cavity. 

The  skull  is  bilaterally  symmetrical,  and  should  be  examined  first  as  a 
whole.  Seen  from  above  (norma  verticalis)  it  is  oval  with  the  broader  end 
behind  (fig.  303).  The  bones  seen  in  this  view  are  the  frontal  before 
and  the  parietals  behind,  united  at  the  transversely  placed  coronal  suture. 
The  two  parietals  unite  medially  at  the  sagittal  Suture,  which  ends  pos- 
teriorly at  the  apex  of  the  lambdoidal  suture,  beyond  which,  at  the 
hindmost  part  of  the  skull,  a  small  area  of  the  occipital  bone  is  visible. 
The  most  bulging  parts  in  this  aspect  are  the  frontal  eminences  antero- 
lateral^, and  the  parietal  eminences  postero-laterally.  The  mid-point  of  the 
coronal  suture  where  it  joins  the  sagittal  is  named  the  bregma  ;  the  median, 
angle  of  the  lambdoidal  suture  is  the  lambda.  A  small  hole  usually  traverses 
each  parietal  bone  close  to  the  sagittal  suture  at  its  hinder  third.  The 
region  of  these  parietal  foramina  is  often  flattened,  and  is  called  the  obelion. 

Viewed  from  behind  (norma  Occipitalis — fig-  304)  the  skull  appears  some- 
what pentagonal  with  rounded  angles  and  sides ;  the  upper  median  angle  is 
at  the  sagittal  suture,  the  upper  lateral  at  the  parietal  eminences,  between 
these  is  the  rounded  upper  part  of  the  parietal  bone.  The  inferior  lateral 
angles    are    at    the    mastoid    processes,    which    are    rough    irregular    out- 
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growths  of  the  temporal  bones  for  the  attachment  of  muscles.  Between  the 
two  mastoid  processes  is  an  irregular  intermastoid  basal  line  forming  the  fifth 
side.  The  surface  is  divided  by  the  three  sutures  radiating  from  the  lambda; 
the  sagittal  ascending  medially,  the  two  halves  of  the  lambdoidal  suture 
descending  laterally,  and  ending  before  they  reach  the  mastoid  processes  on 
each  side,  by  dividing  each  into  an  upper  or  parieto-mastoid,  and  a  lower 
or  OCCipitO-mastoid  suture.  Between  these  is  the  mastoid  portion  of  the 
temporal  bone. 

About  7*5  cm.  below  the  mid-point  of  the  lambdoidal  suture,  as  seen  in  this 
aspect,  is  a  median  occipital  protuberance,  from  which  on  each  side  a 
Superior  nuchal  line  passes  outwards,  ending  by  becoming  continuous 
with  the  hinder  edge  of  the  mastoid  process ;  over  this  line  there  is  often  a 
second  line  the  linea  nuchalis  suprema.  A  vertical  occipital  Crest  descends 
from  the  protuberance  in  the  middle  line.  The  triangular  area  between  the 
lambdoidal     suture    and    the    superior    nuchal     line    is    called    the    squama 

occipitis. 

The  profile  view  of  the  skull   (norma  lateralis — fig.   305)  appears  more 
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Fig.  305. — Norma  lateralis. 

complicated,  presenting  a  continuously  curved  outline  above  and  behind,  while 
below  and  in  front  the  base  and  facial  region  appear  more  irregular.  Behind, 
the  side  of  the  occipital  bone  (O)  rises  to  the  lambdoidal  suture,  which  runs 
downwards  and  forwards  to  its  bifurcation.  Above  and  in  front  of  this  suture 
the  parietal  bone  (Pr.)  rises  convexly  forward  to  the  coronal  suture,  where  it 
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joins  the  frontal  (F).  On  the  profile  of  the  frontal  bone  is  the  frontal 
eminence  projecting  above  the  shallow  sulcus  tranversus  (St.)  of  the  forehead  ; 
below  which  the  superciliary  arch  (Sa.)  forms  the  lower  limit  of  the  forehead 
and  lies  above  the  upper  rim  of  the  orbit.     This  rim  ends  externally  at  the 

external  or  malar  angular  process  of  the  frontal  bone  (Ea.),  from  the  back 

of  which  a  projecting  arched  line,  the  temporal  crest  (T.C.),  ascends  back- 
wards crossing  the  coronal  suture  at  a  point  called  the  stephanion  (St),  and 
marking  off  the  lower  and  outer  part  of  the  frontal  and  the  lower  third  of  the 
parietal.  This  crest  descends  steeply  behind  to  the  notch  in  the  back  of  the 
temporal  bone  at  the  front  end  of  the  parieto-mastoid  suture,  and  then  turns 
forwards  horizontally  above  the  ear  passage.  This  line  is  generally  double 
and  more  prominent  anteriorly,  single  and  fainter  behind.  The  area  below  it 
is  smooth  and  is  called  the  temporal  fossa  (Tf).  The  bone  above  it  is  dotted 
with  minute  vascular  holes. 

The  lower  edge  of  the  parietal  bone  is  overlapped  by  the  upper  margin 
of  the  squamosal  plate  of  the  temporal,  forming  the  squamous  suture  (Sq), 
which  extends  backwards  and  downwards  to  the  parieto-mastoid  suture.  In 
front,  between  the  squamous  and  coronal  sutures,  is  the  short  spheno-parietal 
SUture  (Sp),  at  which  the 
anterior  inferior  angle  of 
the  parietal  joins  the  great 
wing  of  the  sphenoid  (S). 
This  latter  bone  is  seen  in 
front  of  the  squamous  plate 
of  the  temporal,  extending 
downwards  to  the  deepest 
part  of  the  temporal  fossa, 
and  sinking  out  of  sight  as 
it    is    crossed    by    a    rough  - 

tranverse    infratemporal  2 

Crest  (Tsp)  whose  plane 
forms  the  lowest  limit  of  the 
temporal  fossa. 

Behind  the  mastoid  pro- 
cess is  the  variable  mastoid 
foramen  (Mf )  transmitting 
vessels,  and  in  front  is  a 
larger  opening,  the  ear- 
passage  or  external  audi- 
tory    meatus     (Earn), 

bounded    below    by    the 

rough-edged  tympanic  bone 

(Ty).     A   line   drawn    from 

the  front  of  one  meatus  to 

its  fellow  across  the  top  of 

the  skull  passes  through  the 

bregma.     Above    and    in   front    of  this   a  prominent    horizontal    process  juts 

forwards    and    outwards,    continued    forwards    as    a    free    horizontal    archway 

below  the  temporal  fossa  (the  zygomatic    arch,    Zy) ;   its   hinder  half  is  a 

process    of    the  temporal;    its    forepart  is   a  portion   of  the    malar  bone  (Z). 

The  upper  edge  of  its  malar  part  is  continued   upwards  to  join  the  external 

angular  process   of  the  frontal,   thus    completing  the    limit    of  the    temporal 

fossa.      The  bones  forming  the  floor  of  this  fossa  are  parts  of  the  temporal, 

parietal,     frontal,    sphenoid,    and    malar.       Below    the    zygomatic    arch    and 

appended  to  the  back  of  the  upper  jaw,  the  outer  surface  of  the  external 
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pterygoid  plate  of  the  sphenoid  projects.  Between  this  and  the  auditory 
meatus  the  long,  pointed  styloid  process  extends  downwards  and  forwards, 
concealed  in  the  figure  by  the  lower  jaw  (see  17,  tig.  310). 

The  malar,  as  seen  in  this  view,  forms,  in  front  and  above,  the  outer  margin 
of  the  orbit ;  below,  its  edge  is  rough  for  the  attachment  of  the  masseter  muscle; 
and  anteriorly  it  ends  on  the  face  in  the  malo-maxillary  SUture  (Tz).  The 
lower  border  of  the  upper  jaw-bone  or  maxilla  (Mx.)  is  the  alveolar  arch,  in 
which  the  teeth  are  fixed.  Above  this  and  below  the  lower  edge  of  the  orbit  is 
a  shallow  canine  fossa  (Of.),  bounded  in  front  by  a  rounded  vertical  ridge, 
formed  by  the  socket  for  the  canine  tooth.  Medially  above  the  alveolar  arch 
the  nasal  spine  (N"s.)  projects,  at  the  lower  limit  of  the  pypifopm  or  anterior 
nasal  aperture  ;  this  ends  above  at  the  lower  border  of  the  nasal  bones  (N), 
which  make  the  ridge  of  the  nose  here  seen  in  profile.  These  nasal  bones  lie 
internal  to,  and  above,  the  nasal  pPOCesS  of  the  maxilla  (Np),  which  articulates 
above  with  the  internal  angular  pPOCeSS  of  the  frontal,  which  is  the  inner 
end  of  the  superciliary  arch.  Grooving  the  orbital  surface  of  the  nasal  process 
of  the  maxilla,  is  the  laCPymal  fossa  for  the  accommodation  of  the  tear- 
sac,  bounded  behind  by  the  sharp  laCPymal  CPest  of  the  lacrymal  bone  (L). 
The  upper  edge  of  this  little  bone  here  articulates  with  the  frontal,  its  hinder 
with  the  ethmoid  (E).     The  point  of  junction  of  these  three  bones  is  named  the 

daepyon. 

The  full-face  view  of  the  skull  (nOPma  facialis — fig-  306)  is  limited  above 
by  the  bulge  of  the  parietal  bones  behind  the  coronal  suture,  and  by  the  front  of 

the  squamosal  (c)  at  each  side.  The 
forehead  is  narrowest  between  the 
temporal  crests,  about  half  an  inch 
above  the  external  angular  process ; 
and  about  this  level  it  presents  a 
shallow  transverse  sulcus,  above 
which  are  the  frontal  eminences  (2-2), 
while  below  are  the  superciliary  arches 

(4)  above  the  supraorbital  margins 

(5),  which  are  interrupted  near  their 
inner  ends  by  the  supraorbital 
notches  (6).  Internal  to  the  in- 
ternal angular  process  in  the  middle 
line  is  a  smooth  area,  the  glabella, 
immediately    above    the     depression 

for  the  naso-fpontal  sutupe.    The 

mid-point  of  this    suture  is  the 

nasion. 

Orbits. — Below  the  superciliary 
arches  are  the  OPbitS  (fig-  3°7),  each 
of  which  is  a  conical  cavity  whose 
axis  converges  backwards  to  that  of 
its  fellow,  so  that,  if  prolonged,  they  would  meet  under  the  bregma.  The 
orbital  margin  is  of  very  compact  bone,  and  somewhat  quadrilateral,  with 
rounded  angles.  Above,  it  is  formed  by  the  supraorbital  margin  of  the 
frontal  bone;  externally,  by  the  orbital  edge  of  the  malar;  internally,  by 
the  nasal  process  of  the  maxilla ;  below,  by  the  infraorbital  margins  -  of 
malar  and  maxilla. 

The  roof  of  the  cavity  is  concavely  arched,  and  is  formed  of  the  orbital 
plate  of  the  frontal  anteriorly,  and  of  the  lesser  wing  of  the  sphenoid  pos- 
teriorly ;  these  are  joined  by  a  transverse  suture  (fig.  306,  7).  At  the  deepest 
point  of  the  roof  where  the  lesser  wing  joins  the  inner  wall  of  the  orbit  is  the 


Fie;.  307. — Orbit  seen  from  the  front. 
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round  optic  foramen  (tig-  306,  8)  for  the  transmission  of  the  optic  nerve  and 
ophthalmic  artery.    ■ 

The  outer  wall  inclines  forwards  and  outwards,  and  is  made  of  the  flat 
quadrate  orbital  surface  of  the  great  wing  of  the  sphenoid,  which  unites  by 
suture  above  with  the  frontal,  in  front  with  the  malar.     Behind,  it  is  separated 
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Fig.  308. — Inner  wall  of  orbit. 

from  the  lesser  wing  by  the  large  oblique  sphenoidal  fissure  (tig.  307,  Fiss. 
orb.  sup.),  transmitting  several  large  orbital  nerves ;  below,  it  is  separated 
from  the  maxilla  by  the  spheno-maxillary  fissure  (fig.  306,  9),  which  is  'bridged 
by  membrane  and  blocked  up  chiefly  by  fat. 

The  orbital  floor  slopes  from  within  downwards  and  outwards,  and  is 
bounded  externally  by  the  spheno-max- 
illary  fissure.  It  is  formed  chiefly 
by  the  orbital  plate  of  the  maxilla  (fig. 
308,  13),  with  a  small  part  of  the  malar 
anteriorly  at  the  margin,  and  the  small 
triangular  orbital  plate  of  the  palatine 
bone  posteriorly,  marked  off  from  the 
maxilla  by  a  transverse  suture  (ib.,  14). 
The  floor  is  continued  internally  into  the 
inner  wall,  which  is  nearly  parallel  to  that 
of  its  fellow,  and  consists  from  before 
backwards  of  the  nasal  process  of  the 
maxilla  (ib.,  12),  the  lacrymal  bone 
(ib.,  8),  grooved  in  front  for  the  lacry- 
mal sac  (11),  but  flat  behind  where  it  joins 
the  quadrate  os  planum  of  the  ethmoid 
bone  (3),  whose  upper  border  unites  with 
the  frontal  (4),  its  hinder  (7)  with  the 
sphenoid  and  palate,  and  its  lower  with 
the  maxilla.  The  body  of  the  sphenoid 
(23)  completes  the  hinder  part  of  this 
inner  wall.     Between  the  frontal  and  ethmoid  bones  are  the  two  ethmoidal 

foramina,  anterior  and  posterior  (5  and  6). 


Fig.  309.— Outer  wall  of  the  nasal  fossa. 
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Seven  bones  thus  enter  into  the  wall  of  each  orbit,  but  the  frontal,  sphenoid,  and  ethmoid 
are  single  bones,  common  to  the  two  orbits ;  so  the  orbital  region,  both  sides  together,  consists 
of  eleven  bones. 

The  nasal  region,  between  and  below  the  orbits,  is  closed  in  above  by  the 
nasal  bones  (figs.  306,  H;  309,  22),  which  unite  medially  in  the  internasal 
suture.  It  is  open  below  at  the  pyriform  aperture,  whose  long  axis  is  vertical,  and 
which,  in  the  recent  state,  is  still  farther  contracted  by  the  cartilages  of  the 
nose.  The  aperture  is  bounded  above  by  the  lower  edges  of  the  nasal  bones, 
below  by  the  anterior  narial  lip  of  the  maxilla,  in  the  middle  of  which  the 
nasal  spine  projects  (figs.  306,  15;  309,  13);  on  each  side  is  the  sharp  nasal 
margin  of  the  maxilla. 

Within  the  opening  is  seen  medially  the  anterior  edge  of  the  bony  septum, 
consisting  of  the  nasal  lamella  of  the  ethmoid  above  (fig.  310,  ~F),  and  the 
vomer  below  (ib.,  G).      The    anterior  edges  of  these  two   slope   backwards, 


Fig.  310,  —Sagittal  section  of  skull,  {. 

and  so  leave  an  angular  space  between  them  filled  by  cartilage.  On  each  side 
of  this  septum  is  the  nasal  fossa,  into  which  projects  the  front  of  the  inferior 
turbinal  bone  from  its  outer  wall  at  its  lower  third  (fig.  309,  9). 

Between  the  edge  of  the  pyriform  aperture  above  and  the  sockets  of  the 
front  teeth  below,  is  a  shallow  pit  on  each  side,  the  myrtiform  fossa,  bounded 
externally  by  the  projecting  canine  socket,  outside  which  is  the  canine  fossa 
(fig.  306,  F).  Between  this  depression  and  the  orbital  brim  is  the  infraorbital 
foramen  (ib.,  12).  The  malar  bone  and  alveolar  arch  complete  the  appearances 
seen  on  this  aspect. 

The  inferior  aspect  of  the  skull  (norma  basilaris— fig.  311)  is  very  irregu- 
lar.    Upon  this  surface  the  foramen  magnum  appears,  through  which  the 
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spinal  canal  communicates  with  the  cranial  cavity.  Behind  this  opening  is  the 
nuchal  plane  of  the  occipital  bone,  divided  into  lateral  halves  by  the  occipital 
crest  (linea  mcchce  mediana),  which  extends  from  the  protuberance  to  the  foramen 


Occ.  protub. 


Occip.  crest. 


Mast,  foramen. 
Post,  condyloid  foramen. 

Paroccipilal  process. 

Intrajugular  process. 
Ant.  condyloid  foramen. 

Petro-basilar  groove . 

Pharyngeal  tubercle. 

Ant.  lacerate  foramen. 

Foramen  ovale. 

Older  pterygoid  plate. 
Inner  pterygoid  plate. 

Hamular  process. 
Post,  nasal  spine. 

Post,  palatine  caned. 
Palatine  suture. 


Anterior  palatine  canal. 


Fig.  311. — Norma  basilaris 
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magnum.  On  each  side  of  this  are  two  transversely  curved  lines,  superior  and 
inferior  nuchal  lines  for  muscular  attachments.  The  squama  occipitis  ex- 
pands behind  the  uppermost  of  these  and  limits  the  region  in  this  aspect. 

The  lambdoidal  and  occipito-mastoid  sutures  appear  on  each  side,  bounding 
the  occipital  bone  laterally.  Between  these  and  the  foramen  magnum  on  each 
side  is  a  projecting  irregular  knob,  the  paramastoid  process  of  the  occipital, 
in  front  of  which  is  a  sharp  jugular  ridge,  which  forms  the  hinder  lip  of  the 

large  irregular  posterior  lacerate  foramen  or  jugular  foramen,  through 

which  the  blood  from  the  interior  of  the  cranium  passes  into  the  jugular  vein. 
Still  farther  inwards,  and  bordering  the  foramen  magnum,  are  the  occipital 
Condyles,  which  articulate  with  the  first  cervical  vertebra.  The  anterior 
Condyloid  hole  (canalis  hypoglossi),  for  the  exit  of  the  hypoglossal  nerve, 
opens  between  the  jugular  foramen  and  the  front  of  the  condyle  ;  the  posterior 
Condyloid  {canalis  condyloideus)  is  a  small  hole  for  a  vein  behind  the  condyle. 

Outside  the  occipito-mastoid  suture  is  the  mastoid  portion  of  the  temporal 
bone,  which  j:>rojects  externally  downwards  and  forwards  as  the  mastoid  process. 
Internal  to  it  is  the  digastric  groove,  giving  origin  to  the  digastric  muscle. 
Still  farther  inwards,  nearly  coinciding  with  the  suture,  is  a  shallow  occipital 
groove  for  the  occipital  artery.  In  front  of  the  digastric  groove  is  the  stylo- 
mastoid foramen,  giving  exit  to  the  facial  nerve. 

In  front  of  the  foramen  magnum,  the  occipital  bone  forms  the  broad  flat 
basilar  process,  narrowing  forwards,  and  presenting  a  small  blunt  median 
pharyngeal  tubercle,  behind  which  are  attached  the  front  muscles  of  the 
spine,  while  anteriorly  the  bone  forms  the  roof  of  the  pharynx.  On  each 
side  of  the  basilar  process  is  a  deep,  rough-edged  petro-OCCipital  furrow, 
directed  forwards  and  inwards  along  the  occipito-temporal  suture,  filled,  in  the 
recent  state,  by  fibro-cartilage.  The  hinder  edge  of  this  furrow  reaches  to  the 
jugular  foramen,  and  in  front  it  ends  in  an  anterior  lacerate  foramen, 
bounded  by  the  occipital,  sphenoid,  and  temporal  bones,  and  filled  in  the  recent 
state  by  a  continuation  of  the  cartilage  filling  the  furrow.  On  the  rough  sur- 
face of  the  petrous  portion  of  the  temporal  bone,  outside  this  furrow,  is  the 
large,  round,  foramen  caroticum,  for  the  transmission  of  the  internal  carotid 
artery,  separated  from  the  front  of  the  jugular  foramen  by  the  jugular  crest. 
The  jugular  foramen  lies  in  the  line  of  suture  between  the  temporal  and  the 
occipital  bones,  is  often  divided  into  two  parts,  is  almost  always  unsymmetrical, 
being  larger  on  the  right  than  on  the  left,  and  presents  a  fossa  on  its  anterior  wall, 
the  jugular  fossa.  The  outer  border  of  the  carotid  and  jugular  holes  rises 
into  a  sharp  crest,  the  vaginal  process  of  the  tympanic  bone,  between  whose 
posterior  end  and  the  stylo-mastoid  foramen  the  styloid  process  projects.  The 
front  surface  of  the  vaginal  process  is  the  glenoid  area  of  the  tympanic  bone, 
which  ends  externally  in  the  rough  lip  of  the  external  auditory  meatus. 

In  front  of  the  meatus,  the  transverse  Glaserian  fissure  passes  horizon- 
tally inwards,  separating  the  tympanic  bone  behind  from  the  cartilage-clad 
glenoid  cavity  of  the  squamous  portion  of  the  temporal  bone  in  front,  with 
which  the  lower  jaw  articulates.  The  articular  surface  extends  forwards  over 
the  rounded  transverse  tuber  articulare  in  front  of  the  glenoid  cavity,  which 
is  separated  from  the  zygoma  by  a  small  glenoid  tubercle. 

Internal  to  the  glenoid  cavity  is  the  suture  between  the  temporal  and 
sphenoid  bones,  and  at  the  inner  end  of  the  Glaserian  fissure  the  angle  of  the 
sphenoid  projects  downwards  as  a  process  of  variable  prominence,  the  spina 
angularis,  whose  root  is  pierced  by  the  foramen  spinosum  for  the  middle 
meningeal  artery.  Internal  to  this  a  furrow,  deepening  backwards  and  out- 
wards, marks  the  line  of  contact  of  the  petrous  and  sphenoid  bones.  In  this 
Eustachian  SUlCUS  the  cartilage  of  the  Eustachian  tube  is  attached  ;  and  the 
mouth  of  that  tube,  and  of  the  canal  for  the,  tensor  tympani  above  it,  open  at  its 
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posterior  end.  In  front  of  the  groove  is  the  foramen  ovale  for  the  exit  of 
the  inferior  maxillary  nerve ;  external  to  which  the  great  wing  of  the  sphenoid 
rises  to  its  temporal  crest. 

The  anterior  portion  of  the  base  of  the  skull  is  occupied  by  the  structures 
connected  with  the  upper  jaw.  The  choanse  or  posterior  nasal  openings  lie 
medially  in  front  of  the  basilar  process,  separated  from  each  other  by  a  median 
thin  lamella  of  bone,  the  vomer,  and  bounded  externally  by  the  vertical  in- 
ternal pterygoid  plate,  descending  from  the  sphenoid  bone.  This  begins 
above  in  a  stumpy  pterygoid  tubercle,  which  underlies  the  cartilage  ofthe 
foramen  lacerum  anterius ;  outside  which  is  a  small  shallow  depression,  the 
Scaphoid  fossa.  The  internal  pterygoid  plate  ends  below  in  an  out-turned 
hook,  the  hamular  process,  around  which  the  tendon  of  the  tensor  palati 
muscle  winds.  Outside  the  internal  pterygoid  plate,  and  separated  from  it  by 
a  deep  pterygoid  fossa,  is  the  more  prominent  and  ragged-edged  external 
pterygoid  plate,  whose  outer  surface  is  directly  continuous  with  the  great 
wing  of  the  sphenoid.  Between  the  two  pteiygoid  processes  at  their  lower  end, 
and  directly  external  to  the  hamular  process,  the  pyramidal  process  of  the 
palatine  bone  appears  embedded  in  a  notch  at  the  lower  end  of  the  pterygoid 
fossa. 

The  lower  surface  of  the  upper  jaw  presents  the  semi-elliptical  alveolar  arch 
with  its  sixteen  tooth-sockets,  bounding  the  rough  concave  hard  palate,  the 
hinder  fourth  of  which  is  the  lower  surface  of  the  palate  process  of  the  palatine 
bone  ;  the  rest  consists  of  the  palate  process  of  the  maxilla.      In  the  middle  line 

is  the  palatine  suture,  pierced  in  front  by  the  anterior  palatine  canal 

(foramen  incisivum),  while  behind  and  externally  on  each  side  is  the  posterior 

palatine  canal. 

The  Zygomatic  Fossa. — One  of  the  most  complex  regions  of  the  skull  is  that  internal 
to  the  zygomatic  arch.  This  zygomatic  fossa  lies  below  the  temporal  fossa,  and  is 
bounded  behind  by  the  articular  tubercle  of  the  temporal  and  the  spine  of  the  sphenoid; 
internally,  by  the  external  pterygoid  plate  ;  in  front,  by  the  tuber  maxillare  and  the  back  of 
the  malar  bone  ;  and  externally,  by  the  malar  and  zygomatic  process.  A  narrow  vertical  pit, 
the  pterygo-maxillary  fossa,  passes  inwards  from  the  deepest  part  of  this  fossa,  bounded 
behind  by  the  pterygoid  plates,  in  front  by  the  maxilla  ;  above,  it  communicates  with  the  end 
of  the  spheno-maxillary  fissure  and  through  it  with  the  orbit ;  internally,  it  is  limited  by  the 
upper  part  of  the  vertical  plate  and  sphenoidal  process  of  the  palatine  bone,  and  communicates 
by  the  spheuo-palatine  forameu  with  the  upper  and  back  part  of  the  nasal  fossa?. 

117.  INTERIOR  OF  THE  SKULL.— The  skull  should  be  sawn  through 
along  a  line  horizontally  drawn  around  it,  2  cm.  above  the  occipital  protuberance, 
and  3  cm.  above  each  external  angular  process.  When  the  roof  is  removed  by 
this  section,  the  inner  surface  of  the  base  appears  divided  into  three  f0SSS3 — 
anterior,  middle,  and  posterior  (fig.  312).  These  in  the  recent  skull  are 
lined  by  a  glistening  fibrous  membrane,  the  dura  mater,  whose  outer  layer 
is  the  internal  periosteum  of  the  skull.  On  the  front  wall  of  the  anterior 
fossa  is  a  median  crest  on  the  frontal  bone,  ending  below  at  a  small  hole 
(foramen  ca3CUm)  in  the  suture  between  the  frontal  and  ethmoid  bones. 
Behind  this  is  a  sharp  thin  median  eminence  on  the  ethmoid  (crista  galli))  on 
each  side  of  which  is  a  narrow  flat  cribriform  plate,  pierced  with  numerous 
holes  for  the  transmission  of  the  olfactory  nerves.  Behind  the  cribriform 
plate,  the  ethmoidal  Spine  of  the  sphenoid  bone  projects  forward  in  the 
median  line.  The  upper  surface  of  the  body  of  the  sphenoid  is  flat,  as  far 
as  a  transverse  sulcus  for  the  optic  commissure.  This  is  bordered  posteriorly 
by  a  rounded  transverse  eminence,  the  olivary  process  (tuberculum  ephippii), 
on  each  side  of  which  is  the  round  optic  foramen,  communicating  with  the 
orbit.  External  to  this  hole  is  the  sharp  anterior  clinoid  process,  the 
hinder  angle  of  the  lesser  wing  of  the  sphenoid.     The  convex  orbital  process 
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Sulcus  for  lateral  sinus 


Internal  occipital 
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Fig.  3i2.-View  of  right  half  of  base  from  above,  the  roof  of  the  skull  haying  been  removed. 


MIDDLE   AND    POSTERIOR   FOSS-E.  213 

of  the  frontal  bone,  marked  with  ridges  (juga  Cerebralia)  and  sulci  for  the 
brain  convolutions,  completes  the  floor  of  the  anterior  fossa  on  each  side.  The 
suture  between  the  frontal  and  the  lesser  wing  of  the  sphenoid  crosses  the 
hinder  fourth  of  the  fossa  transversely. 

The  middle  fossa  forms  a  narrow  deep  pituitary  fOSSa  or  sella  turcica 
medially,  on  the  upper  surface  of  the  body  of  the  sphenoid  behind  the  olivary 
process.  This  hollow  is  bounded  behind  by  a  ridge  (dorsum  ephippii  or  sellSB), 
whose  lateral  angles  are  the  posterior  elinoid  processes.  Outside  this  is  a 
Sigmoid  gTOOVe  for  the  carotid  artery,  starting  from  the  top  of  the  anterior 
lacerate  foramen,  outside  and  in  front  of  which  is  the  great  wing  of  the  sphenoid. 
This  wing  joins  the  squamous  bone  externally  by  a  concave  suture  and  the 
petrous  portions  of  the  temporal  bone  posteriorly.  At  the  front  of  the  fossa, 
between  the  lesser  and  greater  wings  of  the  sphenoid,  is  the  sphenoidal 
fissure,  communicating  with  the  orbit.  Behind  the  fissure  is  the  foramen 
rotundum  {F.r.)  for  the  exit  of  the  superior  maxillary  nerve;  and  still  farther 
backwards  and  outwards  is  the  foramen  ovale  for  the  inferior  maxillary 
nerve.  Behind  and  external  is  the  foramen  spinosum,  situated  in  the 
hindmost  point  of  the  great  wing ;  from  it  two  ramifying  grooves  for  branches 
of  the  middle  meningeal  artery  ascend  outwards  on  the  inner  surface  of  the 
temporal,  sphenoid,  and  parietal  bones. 

The  hindmost  part  of  the  middle  fossa  is  the  upper  surface  of  the  petrous 
portion  of  the  temporal  bone,  upon  which,  from  within  outwards,  are  to  be 
noticed — a  depression  for  the  Gasserian  ganglion  (impressio  trigemini) 
above  and  outside  the  carotid  foramen,  then  a  pair  of  small  holes,  of  which  the 
larger  or  hiatus  Fallopii  is  posterior,  the  other,  for  the  small  petrosal  nerve,  is 
in  front.  Outside  there  is  an  eminence  corresponding  to  the  superior  semi- 
circular canal  of  the  ear,  eminentia  arcuata,  and  along  the  hinder  and 
inner  margin  of  the  fossa  is  a  groove  for  the  superior  petrosal  sinus.  The  sides 
and  floor  of  the  fossa  are  marked  by  depressions  for  the  cerebral  convolutions, 
separated  by  ridges  corresponding  to  the  involutions. 

The  posterior  fossa  is  the  deepest  and  most  extensive.  Its  front  wall  slopes 
medially  down  from  the  back  of  the  dorsum  ephippii.  The  upper  part  of  this 
Clivus  is  formed  by  the  body  of  the  sphenoid,  the  lower  by  the  basilar  process 
of  the  occipital,  but  these  bones  unite  at  the  age  of  21.  At  the  bottom  of  this 
slope  is  the  foramen  magnum,  on  each  side  of  which  anteriorly  is  the  anterior 
Condyloid  foramen,  over  which  rises  the  jugular  eminence  on  the  inside  of 
the  irregular  foramen  j  Ugulare.  This  last  foramen  is  often  divided  into  two  by 
a  bony  bridge,  the  intrajugular  process.  From  the  front  of  this  foramen,  a 
sulcus  ascends  forwards  along  the  suture  between  the  basilar  process  and  the 
petrous  bone,  lodging  the  inferior  petrosal  sinus.  Above  the  jugular  foramen, 
on  the  hinder  surface  of  the  temporal  bone,  is  the  internal  auditory  meatus 
for  the  facial  and  auditory  nerves.  From  the  back  of  the  jugular  foramen,  the 
deep  furrow  for  the  sigmoid  and  its  continuation,  the  lateral  sinus,  extends  at 
first  downwards,  backwards,  and  outwards  on  the  lateral  process  of  the 
occipital ;  then  it  ascends  backwards  on  the  inside  of  the  mastoid  part  of  the 
temporal ;  then,  crossing  the  posterior  inferior  angle  of  the  parietal  bone 
horizontally,  it  passes  inwards  to  the  middle  line  of  the  occipital.  This  groove 
isolates  the  inferior  Occipital  fossae,  which  are  medially  separated  from  each 
other  by  the  vertical  internal  occipital  crest  and  occupied  by  the  lobes  of  the 
cerebellum.  Above  the  level  of  the  sinus  are  the  superior  occipital  f0SS38, 
separated  from  each  other  by  a  median  groove  for  the  superior  longitudinal 
sinus. 

Having  examined  the  skull  as  a  whole,  each  bone  should  next  be  studied  separately. 

118.— THE    OCCIPITAL    BONE    is  lozenge-shaped,   forming  part   of  the 
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hinder  and  basilar  surfaces  of  the  skull,  and  consisting  of  four  parts,  which 
meet  around  the  foramen  magnum,  represented  by  separate  bones  in  lower 
vertebrates.  These  are  the  supra-  and  basioccipitals  medially  and  the  two 
exOCCipitalS  laterally. 

The  supraOCCipital  is  on  its  outer  surface  divided  into  two  areas.  The 
upper,    or    planum   interparietals   (fig.    3J3>    i)>    is    smooth,    convex,    and 

triangular,  covered  by  the  scalp,  and 
joining  the  parietal  bones  above  and 
laterally  by  its  lambdoid  edge.    The 

lower,    or   planum    nuehale,    is 

uneven,  bounded  laterally  by  the 
occipito-mastoid  suture,  and  marked 
off  from  the  former  by  the  curved 
superior  nuchal  lines — lineae  nuehae 

suprema  (*&.,  5)  and  superior  (6) 

— the  inner  third  of  whose  upper 
edge  gives  origin  to  the  trapezius* 
its  outer  third  to  the  occipito-fron- 
talis.      In   the    middle   line    is   the 

occipital  protuberance,  to 

which  the  ligamentum  nucha?  and 
the  upper  edge  of  the  biventer  are 
attached.  To  the  outer  part  of  the 
superior  line  the  sterno-mastoid  is 
inserted   above,  the  splenitis  capitis 

below.     To  the  occipital  crest, 

which  descends  from  the  protuber- 
ance, a  vertical  extension  of  the 
ligamentum  nuehae  is  attached. 
Below  the  inner  half  of  the  superior  nuchal  line  is  a  large  area  for  the  insertion 
of  the  complexity,  inferior  to  which  is  the  inferior  nuchal  line  (7).  This, 
and  the  space  below  it,  give  insertion  to  the  superior  oblique  and  the  greater 
and  lesser  recti  capitis,  the  former  above  and  externally,  the  two  latter  nearer 
the  middle  line. 

The  inner  or  cerebral  surface  of  the  supraoccipital  is  divided  into  four 
fossae  by  a  cross  of  grooved  ridges  radiating  from  the  central  internal  occipital 
protuberance  (fig.  314)-  The  upper  vertical  ridge  is  channelled  by  a  sulcus 
for  the  superior  longitudinal  sinus.  The  lower  is  a  sharp  internal  occipital 
Crest.  On  each  side  is  a  transverse  Sulcus  for  the  lateral  sinus.  The  two 
superior  occipital  f0SSS6  are  occupied  by  the  occipital  lobes  of  the  cerebrum ; 
the  inferior,  whose  floor  is  very  thin,  by  the  cerebellum. 

The  exoccipital  portions  form  on  each  side  the  lateral  boundary  of  the 
foramen  magnum.  On  the  basilar  surface  of  each  is  the  articular  condyle, 
whose  anterior  part  invades  the  basioccipital.  These  condyles  are  somewhat 
elliptical,  15  mm.  asunder  in  front,  38  mm.  behind  (fig.  313,  II).  Their  long 
axes  converge  forwards,  and  if  prolonged,  would  meet  at  an  angle  of  66°  under 
the  basilar  process.  Each  condyle  presents  an  everted  curved  skew  surface, 
whose  inner  border  is  lower  than  its  outer,  and  whose  front  end  is  lower 
than  its  back.  The  medial  surface  of  each  is  rough  anteriorly  for  the  occipito- 
odontoid  ligament,  and  a  line  around  each  gives  attachment  to  the  capsular 
ligament.  Behind  each  condyle  is  a  condyloid  fossa,  receiving  the  hinder 
edge  of  the  articular  cavity  of  the  atlas  in  extension  of  the  head,  and  usually 
perforated  by  the  posterior  Condyloid  foramen  for  a  vein  which  traverses 
the  bone  forwards  to  the  lateral  sinus  (fig.  312,  10).  External  to  the  condyle, 
in  the  line  of  junction  of  the  basi-  and  exoccipitals,  is  the  anterior  COndy- 
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loid  foramen  for  the  hypoglossal  nerve  (9).    A  rough  jugular  ridge,  into 

which  the  rectus  capitis  lateralis  is  inserted,  extends  outwards  from  the  condyle, 
and  ends  in  a  more  or  less  pi^ominent  paramastoid  or  paroceipital  pro- 
Cess,  whose  sharp  lower  and  front  edge  gives  attachment  to  the  prevertebral 
fascia,  and  forms  the  hinder  margin  of  the  jugular  foramen  (fig.  313,  13). 

On  its  intracranial  surface  rises  the  rounded  jugular  eminence,  having 
the  opening  of  the  anterior  condyloid  foi'amen  on  its  inner  aspect,  and  that  of 
the  posterior  on  the  outer  side.  Outside  the  opening  of  the  latter  is  the 
groove  for  the  sigmoid  sinus,  ending  at  the  jugular  foramen. 

The  TbasiOCCipital  or  basilar  process  (fig.  312,  15)  forms  the  thin  front 
edge  of  the  foramen  magnum,  rapidly  thickening,  but  narrowing  transversely 
as  it  extends  forwards  to  its  anterior  surface,  which  enters  into  the  spheno- 
occipital SUture.  Its  lower  surface  is  flattish,  and  to  its  median  pharyngeal 
tubercle  is  attached  the  mid-point  of  the  wall  of  the  pharynx.  Behind  this 
are  lateral  transverse  markings  for  the  recti  capitis  antici  muscles,  while  in 
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Basilar  pr. 
Fig.  314. — Inner  surface  of  occipital  bone. 

front  the  bone  is  covered  with  the  thick  mucous  membrane  of  the  pharyngeal 
roof.  This  surface  is  palpable  in  life  by  the  finger  introduced  into  the  pharynx 
and  turned  upwards.  The  roughly  rounded  lateral  margins  enter  into  the 
occipito-petrosal  synchondrosis,  and  on  the  intracranial  surface  are  grooved  for 
the  inferior  petrosal  sinuses.  The  intracranial  surface  (the  clivus)  is  trans- 
versely concave  above  for  the  medulla  oblongata. 

The  foramen  magnum  (1)  is  oval,  with  its  long  axis  sagittally  directed ;  its  anterior  edge 
is  on  the  level  of  the  external  auditory  meatus  ;  its  posterior  is  oa  a  line  with  the  back  of  the 
mastoid  process,  and  it  is  bisected  by  a  line  joining  the  hinder  ends  of  the  two  condyles.  It 
transmits  the  spinal  cord  and  its  membranes,  the  vertebral  arteries,  the  anterior  and  posterior 
spinal  arteries,  the  first  tooth  of  the  denticulate  ligament  and  the  broad  occipito-axoid  and 
check  ligaments,  and  the  spinal  accessory  nerves. 

The  occipital  boue  articulates  by  suture  with  five  bones,  by  condylai'throsis  with  one;  it  is 
pierced  by  five  holes,  and  forms  part  of  the  boundary  of  two  ;  it  has  seven  named  processes 
and  seven  named  ridges ;  and  gives  origin  to  two  pairs  and  insertion  to  ten  pairs  of  muscles. 
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Development. — The  planum  interparietals  ossifies  chiefly  in  membrane,  the  rest  of  the 
bone  is  preformed  in  cartilage.  Two  unequal  centres  arise  close  together  in  the  basioccipital 
in  the  tenth  week,  and  become  confluent  by  the  end  of  the  twelfth  week.  One  centre  arises 
in  the  front  of  the  exoccipital  area  of  cartilage  in  the  twelfth  week,  and  two  early  uniting 
centres  in  the  planum  nuchale  about  the  same  time.  The  parostotic  centres  in  the  inter- 
parietal plate  appear  about  the  thirteenth  week,  and  are  variable  in  number  from  two  to  four 
or  more ;  but  they  coalesce  into  one  before  the  fifteenth  week,  and  unite  with  the  nuchal 
plate  by  the  end  of  the  fourth  month.  The  two  nuchal  centres  are  separated  behind  the 
edge  of  the  foramen  magnum  by  a  fissure  of  moderate  width  until  the  end  of  the  fifth 
month.  At  birth  the  bone  consists  of  its  four  elements,  whereof  the  exoccipitals  join  the 
supraoccipital  at  four  years ;  the  basioccipital  unites  at  five  and  a-half;  and  by  seven  the 
foramen  magnum  has  attained  its  adult  size.  The  female  bone  has  a  more  rounded  planum 
interparietale  and  smaller  protuberances. 

Beneath  and  in  front  of  the  anterior  condyloid  foramen  is  a  fine  vertical  ligamentous 
band,  the  Ihjamentum  hypogloR&i,  which  binds  the  hypoglossal  nerve  forwards,  and  is 
sometimes  ossified. 
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il 9.  THE  PARIETAL  BONES  are  two  in  number,  symmetrical,  forming 
more  than  two-thirds  of  the  roof  and  side  walls  of  the  skull.     Each  is  four-sided 

and  outwardly  convex  (fig. 

*i^vrv\^ni!yv>    S  a &  £  3°4)-     -"-ts  outer  surface  is 

^Osj'a,,      ?  ~  divided  into  two  areas  by 

the  temporal  crest, 

above  which  it  is  covered 
only  by  the  scalp ;  below, 
it  is  compact,  minutely 
striated,  and  gives  origin 
to  the  temporal  muscle. 
The  crest  is  generally 
double,  the  upper  crest 
giving  attachment  to  the 
outer  layer  of  the  strong 
temporal  fascia,  the  lower 
to  the  deeper  layer  of 
fascia  and  edge  of  the 
muscle.  Above  and  be- 
hind this  line  is  the  most 
convex  part  of  the  bone, 

the  parietal  eminence. 

The  inner  surface  (fig. 
315)  is  concave,  smooth, 
marked  with  depressions 
and  ridges  for  cerebral  convolutions,  and  deeply  grooved  by  the  branches  of  the 
middle  meningeal  artery,  which  run  upwards  and  backwards  from  below.  One 
large  groove  coasts  along  the  front  edge,  another  begins  at  the  middle  of  the 
lower  border  and  ascends,  sending  branches  backwards.  Along  the  upper  edge 
is  a  wide  half-groove,  often  slightly  marked,  for  the  superior  longitudinal 
sinus  ;  at  the  side  of  which  the  adult  bone  shows  small  irregular  pits  for  wart- 
like outgrowths  of  the  brain  membranes  (glandulre  Pacchioni).  At  the  hinder 
and  lower  angle  is  a  short,  wide  groove  for  the  lateral  sinus  (fig.  310,  6).  The 
most  concave  part  of  the  bone  internal  to  the  parietal  eminence  is  the  parietal 

fossa. 

The  anterior  margin  enters  into  the  coronal  suture,  overlapping  the  frontal 
below,  but  being  overlapped  by  it  above.  The  upper  or  sagittal  edge  joins 
its  fellow  in  the  sagittal  suture,  the  hinder  joins  the  occipital  in  the  lambdoidal. 
The  lower  or  occipital  edge  thins  in  the  middle  to  a  sharp  concave  edge,  and  is 
fluted  on  the  outer  surface,  where  it  is  overlapped  by  the  squamous  plate  of  the 
temporal,  with  which  it  forms  the  squamous  suture  (fig.  305,  Sq).     In  front  and 
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A  ■■mast. 
Fig.  315. — Bight  parietal  bone,  inner  surface. 
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behind  this  are  two  truncated  acute  angles,  the  anterior  inferior,  or  sphenoidal, 
being  the  most  prominent ;  it  is  nearly  horizontal,  and  its  lower  margin  forms 
the  spheno-parietal  suture  with  the  great  wing  of  the  sphenoid  (fig.  305,  Sp). 
The  second  or  posterior  inferior  angle  enters  into  the  parieto-mastoid  suture. 
The  anterior  superior  or  bregmatic  angle  is  nearly  a  right  angle ;  the  posterior 
or  lambdoid  is  obtuse.  A  little  above  this  last  angle,  and  close  to  the  sagittal 
suture,  is  the  small  parietal  foramen  (fig-  304)  transmitting  a  small  vein. 
The  sagittal  suture  is  simpler  in  pattern  opposite  this  point. 

Development. — Each  parietal  ossifies  in  membrane  from  one  centre,  which  appears  at 
the  parietal  eminence  in  the  seventh  week.  From  this  point,  bony  growth  radiates,  but 
not  equally,  as  there  is  often  a  fissure  which  passes  obliquely  from  the  parietal  eminence  to 
the  hinder  sixth  of  the  sagittal  suture.  This  is  usually  closed  in  the  fifth  month,  but  may 
persist  and  become  the  seat  of  a  meningocele.  At  birth,  both  the  frontal  and  occipital  angles 
are  rounded,  leaving  at  the  bregma  and  the  lambda  uuossified  spaces,  the  fontanelles. 

The  parietal  has  one  centre  of  growth,  one  muscular  origin,  one  foramen,  one  prominence, 
four  angles,  six  sutures,  and  three  sets  of  vascular  grooves. 

-S  120.  THE  FRONTAL  BONE  is  single,  and  forms  the  front  of  the  brain- 
case,  consisting  of  four  parts :  squama  frontalis,  two  orbital  processes, 
and  nasal  spine. 

Bregma. 


n 

Sphenoidal 
surface. 


-  Frontal  sulcus. 


Lacrymal  fossa. 


Trochlear  spine. 


Fig.  116. — Frontal  bone,  cerebral  surface. 


The  frontal  squama  is  the  largest  portion  of  the  bone;  it  is  convex 
forwards,  and  ends  above  in  the  toothed  coronal  edge,  which  articulates  with 
the  parietal.  It  presents  on  each  side  a  convex  frontal  eminence  (fig-  3o6>  2)> 
very  prominent  in  young  bones.  Below  this  is  a  shallow  sulcus  tranSVerSUS 
(ib.,  4),  under  which  is  the  concave  Supraorbital  margin  (*&• ,  5);  wnich  1S 
pierced  or  interrupted  at  its  inner  third  by  the  hole  or  notch  for  the  supraorbital 
nerves  and  vessels  (ib.,  6).  Above  each  orbital  margin,  and  internal  to  the 
plane  of  the  supraorbital  notch,  is  the  projecting  superciliary  arch  in  the 
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male  (fig.  305,  Sa),  corresponding  to  an  air-cavity  within  the  bone,  the  frontal 
Sinus  (tigs.  308,  2  ■  and  309,  23).  To  the  lower  part  of  this  arch  are  attached 
fibres  of  the  orbicularis  palpebrarum  and  corrugator  supercilii  muscles.  Between 
and  below  the  superciliary  arches  is  a  smooth  spot,  the  glabella  (fig.  306,  below 
A),  whose  lower  border  retreats  to  the  fronto-nasal  suture.  The  supraorbital  arch 
ends  externally  at  the  external  angular  process  (fig.  305,  Ea),  which  is  often 
very  prominent,  and  from  the  back  of  which  the  temporal  Crest  (ib.,  Tc)  starts 
sharply  on  its  arched  course,  isolating  the  temporal  area  behind  and  below  it. 

The  cerebral  aspect  of  the  frontal  squama  (fig.  316)  is  concave,  impressed 
slightly  by  the  convolutions  of  the  brain,  marked  by  a  median  vertical  frontal 
Sulcus  above  for  the  superior  longitudinal  sinus,  which  changes  below  into 
a  raised  frontal  Crest,  and  terminates  at  the  fronto-ethmoidal  suture,  in  the 
middle  of  which  is  a  hole,  the  foramen  CSeeum. 

The  orbital  plates  (fig.  316)  project  backwards,  one  from  each  supra- 
orbital margin,  to  form  the  roof  of  the  orbit  and  part  of  the  floor  of  the  anterior 
cranial  fossa.  Each  plate  is  concave  below,  with  a  deep  depression  for  the 
lacrymal  gland  (fossa  lacrymalis)  externally,  behind  the  external  angular 
process.  The  outer  margin  of  the  orbital  plate  articulates  at  and  behind  the 
external  angular  process  with  the  malar  bone ;  and  still  farther  back,  with  the 
great  wing  of  the  sphenoid  ;  posteriorly,  its  hinder  edge  forms  a  nearly  trans- 
verse suture  with  the  lesser  wing,  and  between  the  two  sphenoidal  articulations 
is  a  small  spot  where  the  edge  is  free  in  the  sphenoidal  fissure  (fig.  307).  The 
inner  margin  splits  into  two  lamella?,  which  join  similar  plates  of  the  ethmoidal 
spine  of  the  sphenoid,  and  of  the  ethmoid,  bounding  between  them  a  horizontal 
row  of  mucous-membrane-lined  cavities,  the  fronto-ethmoidal  Cells,  which 
communicate  with  the  nose.     The  fronto-ethmoidal  suture  in  its  orbital  side  is 

traversed  by  the  anterior  and  posterior  ethmoidal  holes  (fig.  308,  5  and  6), 

through  which  pass  nerves  and  vessels.  Internally  and  in  front  is  a  small 
depression,  rarely  a  spine,  for  the  attachment  of  the  pulley  for  the  superior 
oblique  muscle  (fovea  or  spina  trochlearis).  On  its  cerebral  surface  each 
orbital  plate  is  convex,  and  moulded  to  the  convolutions  of  the  brain. 

Between  the  orbital  plates  is  the  ethmoidal  notch,  which  was  occupied 
in  the  skull  by  the  upper  surface  of  the  ethmoid  bone,  and  bounded  in  front 
by  the  pars  nasalis  (fig-  316).  This  presents  medially  a  rough  nasal  spine 
(figs.  310,  below  1,  and  317,/"),  projecting  downwards  and  forwards,  extended 
on  each  side  into  two  irregular  al33,  which  articulate  in  front  with  the  nasal 
bones  (fig.  317,  n),  and  on  each  side  with  the  nasal  processes  of  the  maxilla? 
(m)  and  the  lacrymal  bone  (fig.  308,  8).     To  the  back  the  ethmoid  articulates 


Fig.  317. — Transverse  section  of  nasal 
spine  and  of  the  bones  articulating 
with  it. 


Fig.  318. — Sagittal  section  of  frontal  hone 
showing  frontal  sinus  —  0,  foramen 
ca?cum;  c,  crista  galli ;  frontal  sinus,  s. 


(fig.  317,  e).  The  front  of  the  bone  above  the  sutural  edge  is  rounded,  and 
this  indeterminate  swelling  at  the.  inner  end  of  the  brow-ridge  is  called  the 
internal  angular  process.  Spur-like  processes  often  clip  into  the  intervals 
between  the  various  bones  which  articulate  herewith. 

Between  the  nasal  spine  and  the  marginal  suture  of  this  nasal  region,  is 
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on  each  side  the  opening  of  the  frontal  sinus  (fig.  318,  s),  which  is  a  variable 
cavity  lined  with  mucous  membrane.  The  two  sinuses  are  separated  by  a 
partition  usually  displaced  to  one  side,  and  generally  the  right  sinus  is  larger 
than  the  left. 


Development. — The  frontal  developes  in  membrane  from  two  large  centres,  arising  at 
the  lower  part  of  the  frontal  eminence  in  the  eighth  week.  The  two  lateral  halves  thus 
formed  come  medially  in  contact,  and  form  a  frontal  suture,  which,  in  95  per  cent,  of  skulls, 
closes  before  the  end  of  the  sixth  year ;  in  60  per  cent,  it  closes  at  the  end  of  the  second 
year;  in  about  1  percent,  it  persists  during  life,  the  condition  being  termed  "metopism. " 
In  a  very  much  larger  percentage,  however,  a  trace  of  the  suture  survives  at  the  glabella. 
Accessory  bony  crusts  appear,  one  medial  for  the  nasal  spiue,  appearing  about  fourteen 
years  of  age,  consolidating  at  sixteen;  one  small  bony  nodule  (prefrontal)  appears  shortly 
before  birth  on  each  side  above  the  lacrymal  bone,  but  it  also  speedily  consolidates.  A 
third  or  post-frontal  ossicle  arises  as  a  series  of  bony  grains  on  each  side  at  the  lower  end  of 
the  coronal  suture,  and  may  synostose  to  the  frontal,  sphenoid,  parietal  or  temporal  bones, 
or  may  remain  free,  but  most  commonly  becomes  connected  to  the  parietal ;  this  is  some- 
times known  as  the  pterion  ossicle.  The  frontal  siuuses  begin  to  develope  at  seven  years  of 
age  by  the  forward  projection  of  pouches  of  the  mucosa  of  the  anterior  ethmoidal  cell  into 
the  space  between  the  separating  tables  of  the  frontal  bone. 

The  frontal  bone  articulates  with  twelve  bones,  has  twelve  processes,  two  contained 
cavities,  two  foramina,  forms  part  of  the  boundary  of  five  other  holes,  arises  from  two 
primary  and  five  secondary  centres,  and  gives  origin  to  three  pairs  of  muscles. 

Proper  Ligaments.— A  supraorbital  ligament  usually  converts  the  supraorbital 

notch  into  a  foramen ;  the  bony  hole  results  from  the  ossification  of  this  band.  The  troch- 
lear, palpebral,  and  other  ligaments  will  be  described  in  connection  with  the  soft  parts  of  the 
orbit  (§  510). 

121.  THE  TEMPORAL  BONES,  on  each  side  of  the  lower  part  of  the 
skull,  contain  the  organs  of  hearing,  and  articulate  with  the  lower  jaw.  Each 
consists  of  four  elements  of  very  different  origin,  which  at  birth  have  united 
into  a  single  bone.  These  are — 1,  the  squamous;  2,  the  tympanic;  3,  the 
petrous  ;  and  4,  the  styloid  elements  (tig.  319). 

The  squamous  or  upper  part  of  the  temporal  is  a  thin  plate,  entering  into 
the  side  wall  of  the  middle  fossa  of  the  skull.  Its  front  edge  is  serrated  to 
articulate  with  the  hinder  edge  of  the  great 
wing  of  the  sphenoid,  and  its  curved  upper 
and  thin  hinder  edges  overlap  the  parietal 
in  the  squamous  suture.  Below,  it  unites 
to  the  petrous  and  tympanic  bones.  Its 
outer  flat  surface  forms  part  of  the  temporal 
fossa,  giving  origin  to  the  temjyoral  muscle, 
and  is  faintly  grooved  for  the  posterior  deep 
temporal  vessels.  This  surface  ends  below 
at  the  Zygomatic  arch,  which  juts  out  as  a 
shelf  from  its  lower  border,  the  surfaces  of  the 
process  at  its  root  being  directed  upwards 
and  downwards ;  but  as  the  zygoma  turns 
forwards,  it  becomes  twisted,  and  presents  a 
smooth  surface  internally,  a  rougher  surface 
outwards,  a  sharp  edge  (for  the  temporal 
fascia)  upwards,  a  blunter  edge  for  the  origin  of  the  masseter  muscle  downwards. 
From  the  root  of  the  zygoma  three  ridges  pass — one  the  post-auricular, 
horizontally  backwards,  forming  the  hinder  and  lower  end  of  the  temporal 
crest  as  far  as  the  parietal  notch.  Below  this,  as  the  bone  descends  to  form  the 
outer  wall  of  the  mastoid  process,  is  an  irregular  line,  the  remains  of  the 
obliterated  suture  between  the  petrous  and  squamous  bones.  A  second  post- 
glenoid  ridge  projects  inwards  in  front  of  the  external  auditory  meatus,  and 
joins  the  anterior  border  of  the  tympanic  bone.     The  third  ridge  or  tuber- 


Fig.  319. — Temporal   bone   at   birth 
showing  its  separate  elements. 
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CUlum  articulare  (fig-  311)  runs  inwards  and  backwards,  converging  towards 
its  fellow,  the  long  axes,  if  prolonged,  meeting  in  the  middle  line  at  an  angle  of 
1 350;  it  bounds  in  front  the  glenoid  cavity  for  the  lower  jaw.  The  zygoma 
ends  in  front  by  articulating  with  the  malar  (fig.  305)  in  an  irregular  suture. 
Between  the  front  edge  of  the  tuberculum  articulare  and  the  sphenoidal  margin 
is  the  triangular  infratemporal  surface,  crossed  by  the  external  pterygoid 
muscle,  and  separated  from  the  temporal  fossa  by  a  crista  infratemporalis. 

Both  the  tuberculum  articulare  and  glenoid  cavity  enter  into  articulation 
with  the  lower  jaw.     Where  the  former  joins  the  zygoma  there  is  a  preglenoid 


Sterno-mastoid  area. 
Digastric  groove. 


Zygoma. 
Tuberculum 
articulare. 

Apex  of  petrous. 


Styloid. 
-Right  temporal  bone,  outer  surface. 

tubercle  for  the  attachment  of  an  external  lateral  ligament  of  that  joint.  The 
glenoid  cavity  is  bounded  behind  by  the  persistent  suture  between  the  tympanic 
and  squamous  bones  (Glaserian  fissure,  fig-  320,/),  in  which  a  minute  rough 
line  of  the  petrous  bone  appears  internally  (tig.  311,  above  and  internal  to  Cav. 
glen.) 

Through  this  fissure  the  tympanic  artery,  the  so-called  laxator  tympani,  as  well  as  the 
processus  gracilis  of  the  malleus,  pass.  Through  a  canal  (Canal  of  Hug'Uier)  between  the 
tympanic  and  the  ridge  of  petrous  bone  internally,  the  chorda  tympani  nerve  escapes.  To 
the  squamous  edge  of  the  fissure  the  hinder  part  of  the  capsule  of  the  lower  jaw  is  chiefly 
attached. 

The  intracranial  surface  of  the  squamous  bone  is  smaller  than  the  outer  (fig. 


Squamous  suture.- 

Groove  for  middle 
meningeal  artery. 

Superior  petrosal  sinus. 

Hiatus  subarcuatus. 

Aqueductus  vestib. 

Int.  auditory  meatus. 

Aqueductus  cochlcce. 

Petrous  angle. 


Mastoid  foramen. 


Groove  for  sigmoid 
sinus. 


Mastoid  process. 
Vaginal  process. 


^Styloid  process. 


Fig.  321. — Right  temporal  bone,  seen  from  behind. 

310,  D),  being  overlapped  by  the  lower  edge  of  the  parietal.    It  is  deeply  grooved 
by  branches  of  the  middle  meningeal  artery,  and  is  marked  by  sulci  for  the 
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temporo-splienoidal  convolutions  of  the  brain.  A  trace  of  the  squarno-petrosal 
suture  often  persists  below  as  a  faint  fissure. 

The  Tympanic  Bone. — The  modified  quadrate  of  lower  vertebrates,  partly- 
replaced  by  a  parostotic  addition,  bounds  the  external  auditory  meatus  (fig.  320, 
x)  and  the  tympanic  cavity  in  front  and  below  (figs.  305,  Ty ;  319).  Its 
external  edge  is  rough  and  concave  upwards,  and  forms  the  lower  and  front 
edge  of  the  auditory  passage.  In  front,  it  is  separated  from  the  post-glenoid 
tubercle  and  glenoid  cavity  of  the  squamous  by  the  Glaserian  fissure,  extending 
inwards  nearly  as  far  as  the  sphenoidal  notch.  Posteriorly,  it  is  separated  from 
the  mastoid  process  by  the  tympano-mastoid  fissure,  through  which  Arnold's 
auricular  branch  of  the  vagus  nerve  escapes.  Internally,  this  hinder  edge  fuseswith 
the  petrosal,  being  pierced,  however,  for  the  exit  of  the  styloid  process  (fig.  320,  v). 

The  tympanic  bone  presents  two  surfaces — an  anteroinferior,  directed 
towards  the  glenoid  cavity,  from  which  it  is  separated  in  the  recent  state  by  a 
lobe  of  the  parotid  gland ;  and  a  postero-superior,  or  tympanic,  which  is  con- 
cave towards  the  meatus  and  tympanic  cavity,  of  which  it  forms  the  anterior 
wall.  The  lower  and  hinder  edge  of  the  glenoid  surface  is  prolonged  down- 
wards into  a  sharp  irregular  ridge,  the  vaginal  process  (fig.  320,  v),  which 
starts  from  the  lowest  part  of  the  lip  of  the  auditory  meatus,  and  extends 
forwards  and  inwards  to  end  in  front  of  the  carotid  foramen.  To  this  the  front 
of  the  fascial  sheath  of  the  carotid  vessels  is  attached. 

The  Styloid  element  (figs.  320  and  321)  is  a  slender  cylindroidal  spur  of 
variable  length,  which  emerges  through  the  most  prominent  part  of  the  vaginal 
process.  It  consists  of  two  parts,  a  basal  or  tympano-hyal,  embedded  in  the 
interspace  between  the  tympanic  and  petrosal  bones,  and  a  projecting  or  stylo- 
hyal  part,  to  whose  outer  edge  is  attached  a  fold  of  cervical  fascia,  the  stylo-mau- 
dibular  ligament,  tying  it  to  the  angle  of  the  mandible.  Its  tip  is  continued  into 
a  slender  fibro-cartilage,  the  stylo-hyoid  ligament,  which  is  attached  below  to  the 
lesser  cornu  of  the  hyoid  bone.  Behind  and  above  the  former  ligament  the 
stylo-pharyngeus  muscle  arises  from  the  inner  side  of  the  root  of  the  process ; 
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Fig.  322.— Right  temporal  bone,  upper  surface. 

from  the  front  of  the  tip,  close  to  the  latter  ligament,  arises  the  stylo-glossus. 
The  stylo-hyoid  muscle  arises  between  and  behind  these. 

The  petrOUS  bone  is  an  irregular  four-sided  pyramid,  whose  base  extends 
backwards  to  the  postero-external  wall  of  the  skull,  where  it  forms  the  mastoid 
region.  Its  truncated  apex  points  forwards  and  inwards  to  the  anterior 
lacerate  foramen  (fig.  311).  Its  inferior  surface  is  basilar,  its  anterior  is 
tympanic,  and  the  superior  and  posterior  are  intracranial. 
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The  base  or  mastoid  region  (figs.  305  ami  320)  is  externally  rough  and  tri- 
angular, bounded  above  by  the  post-auricular  ridge  and  the  parieto-mastoid 
suture,  behind  by  the  occipito-mastoid  suture,  and  in  front  by  the  auditory 
meatus  and  the  tympano-mastoid  fissure.  It  culminates  in  the  mastoid 
pPOCGSS  (fig-  323)>  whose  irregular  tip  is  directed  forwards  and  downwards,  and 
into  whose  outer  surface  the  stemo-mastoid,  splenius  capitis,  and  trachelo-mastoid 
are  attached.  Internal  to  it  is  the  groove  for  the  digastric,  which  is  separated 
by  a  ridge  which  widens  backwards  from  a  second  groove  for  the  occipital 
artery,  close  to  the  hinder  end  of  which  is  the  mastoid,  foramen  transmitting 
vessels.  From  the  front  and  upper  part  of  the  mastoid  process  arise  the 
retrahens  aurem  muscles,  and  a  few  fibres  of  the  occipito-frontalis. 

The  mastoid  region  on  the  inner  surface  of  the  skull  (fig.  320)  is  flattened 
and  concave,  completing  the  lateral  part  of  the  inferior  occipital  fossa,  and  deeply 
grooved  where  it  joins  the  rest  of  the  petrous  bone  by  the  downward  and 
inward  running  deep  sulcus  for  the  sigmoid  sinus  (sst). 

Under  the  superficial  layer  of  bone  in  the  mastoid  process,  which  is  a 
descending  lamella  of  the  squamosal,  are  many  large  mastoid  Cells,  which  are 


Fig.  323. — Temporal  bone  seen  from  below. 


arranged  in  three  series,  an  anterior  superior  very  irregular  (fig.  323),  extending 
into  the  rest  of  the  petrous  bone,  and  communicating  hj  a  ragged  passage  with 
•the  back  of  the  cavity  of  the  tympanum,  a  middle  set  of  large  cells  communi- 
cating with  the  anterior,  and  a  third  or  apical  set  of  smaller  cells.  The  first 
and  second  of  these  are  lined  with  mucous  membrane  and  contain  air,  the 
third  series  are  usually  marrow-holding.  The  passage  from  the  tympanum 
usually  dilates  under  the  down-growing  lamella  of  the  squamous  bone  into  an 
irregular  cavity,  the  mastoid  antrum. 

The  inferior  or  basilar  surface  of  the  petrous  bone  (fig.  323)  is  irregular, 


PETROUS    ELEMENT    OF    TEMPORAL    BONE.  223 

having  its  front  and  outer  part  covered  by  the  vaginal  process  of  the  tympanic, 
behind  which  it  is  pierced  by  the  stylo-mastoid  foramen  for  the  exit 
of  the  facial  nerve.  Internal  to  the  styloid  process  is  a  smooth-walled  pit, 
the  jugular  fossa,  which  forms  the  front  part  of  the  wall  of  the  jugular 
hole,  and  in  which  is  contained  a  pouch-like  dilatation  at  the  beginning  of  the 
internal  jugular  vein.  On  the  outer  wall  of  this  fossa  is  a  fine  canal  running- 
outwards,  for  the  auricular  branch  of  the  vagus.  At  its  inner  and  front  part 
is  a  small  three-sided  depression,  the  aqueductUS  COChle38,  on  the  margin 
between  the  inferior  and  posterior  surfaces ;  this  rapidly  narrows  to  a  minute 
canal  that  transmits  only  a  shred  of  connective  tissue.  A  sharp  carotid 
ridge  separates  the  front  of  the  jugular  fossa  from  the  round  opening  of  the 
Carotid  canal  which  lies  in  front,  and  which  transmits  the  internal  carotid 
artery.  Upon  the  ridge  is  the  minute  opening  of  the  tympanic  canaliculus 
for  Jacobson's  tympanic  branch  of  the  glossopharyngeal  nerve.  The  carotid 
canal  ascends,  then  turns  forwards  and  inwards,  tunnelling  the  petrous  bone 
to  its  apex,  and  finally  runs  into  the  upper  part  of  the  anterior  lacerate 
foramen.  Two  minute  carotico-tympanic  tubules  leave  this  canal  and 
transmit  minute  nerves  from  the  carotid  plexus.  The  apex  of  the  bone  is  rough 
below,  and  covered  by  the  cartilage  of  the  occipito-petrosal  synchondrosis. 

The  posterior  surface  forms  the  antei'o-lateral  wall  of  the  posterior  cranial 
fossa  (fig.  321).  It  is  grooved  along  its  inner  border  by  the  inferior  petrosal 
sinus  (fig.  322),  external  to  which  is  an  outward-directed  round  hole,  the  inter- 
nal auditory  meatus,  which  at  a  depth  of  about  8  mm.  ends  in  a  reniform 

fOSSa,  pierced  above  by  the  aqueductUS  Fallopii  for  the  facial  nerve,  and  by 
a  group  of  holes  below,  macula  Cribrosa,  for  the  auditory  nerve.  Along  the 
upper  margin,  between  the  meatus  and  the  superior  surface,  is  a  groove  for  the 
superior  petrosal  sinus,  below  which  on  a  plane  behind  the  meatus  is  an  irregular 
opening,  the  floCCUlar  fossa  or  hiatus  SUbarcuatUS,  very  large  in  the 
young  bone  though  often  obliterated  in  the  adult,  which  burrows  under 
the  superior  semicircular  canal.  Behind  and  below  this  is  the  slit-like 
aqueductUS  vestibuli,  through  which  a  connective  band  unites  the  dura 
mater  to  the  sheath  of  the  internal  ear.  The  aqueduct  of  Fallopius  runs  at 
first  outwards  then  turns  backwards  and  finally  descends  to  the  stylo-mastoicl 
foramen. 

The  superior  surface  (fig.  322)  forms  the  back  part  of  the  floor  of  the  middle 
cranial  fossa,  and  by  its  apex  is  joined  to  the  processus  petrosus  posterior 
of  the  sphenoid,  in  front  of  which  it  is  often  grooved  by  the  upturning  carotid 
artery.      Close  to  the  apex  is   a  pit  for  the   Gasserian  ganglion   of  the  fifth 

nerve,  in  front  of  which  is  the  ragged  anterior  lacerate  foramen,  from 

whose  margin  two  fine  grooves  run  backwards  and  outwards  leading  to 
two  small  holes,  the  hinder  of  which  is  the  hiatus  Fallopii  for  the  greater 
superficial  petrosal  nerve,  the  foremost  is  for  the  lesser  petrosal.  Behind  and 
outside  these  is  an  oblique  eminence,  the  eminentia  arcuata  or  jugum 
petrosum,  over  the  superior  semicircular  canal,  directly  external  to  which 
the  bone  is  thin  and  irregular,  roofing  in  the  tympanic  cavity  and  named  the 
tegmen  tympani.  This  is  frequently  divided  by  a  fissure  into  an  outer  or 
Cuneiform  portion,  and  an  inner  or  tegmen  proprium.  At  the  posterior 
part  of  this  surface  there  are  small  irregular  vascular  holes  transmitting 
minute  veins  into  the  lateral  sinus. 

The  anterior  or  tympanic  surface  is  shown  by  removing  the  tympanic  bone 
and  the  cartilage  of  the  Eustachian  tube,  and  forms  the  inner  wall  of  the 
tympanic  cavity.  Externally  it  forms  part  of  the  wall  of  the  external  meatus 
as  far  as  the  annulus  for  the  attachment  of  the  membrane  of  the  tympanum;  next 
it  is  pierced  by  an  irregular  antrum  mastoideum  above,  which  communi- 
cates with  the  mastoid  cells.     Below  this  is  the  fenestra  OValiS  or  opening  into 
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the  vestibule  (fig.324),  placed  overa  convex  projection  or  promontory  grooved  for 
the  nerves  from  the  different  tympanic  canals;  still  lower  and  a  little  farther  back 
is  a  three-sided  fenestra  rotunda  opening  into  the  cochlea;  behind  this  a  small 
hollow  process,  the  pyramid,  juts  forwards,  whose  base  is  traversed  by  a  hole 
which  leads  into  the  aqueduct  of  Fallopius.  In  front  and  above  the  fenestra 
ovalis  a  thin  curved  plate  of  bone,  the  processus  COChleariformis,  projects 
backwards  and  upwards,  ending  in  a  free  margin.  This  lamella  is  continued 
forwards  and  inwards  as  a  partition,  subdividing  the  space  which  exists  between 
the  petrous  bone  and  the  overlying  layer  of  the  tympanic  bone  into  two  tubes, 

which    extend   from  the 

.«         -g  hindmost    part     of    the 

§  spheno-petrosal       sulcus 

S         S  into    the    cavity   of    the 

tympanum.      The  lower 

of  these  is  the  Eusta- 
chian tube,  communi- 
cating between  the 
pharynx  and  the  tym- 
panum ;  the  upper  is  the 

canal  for  the  tensor 

tympani.  The  remain- 
ing anterior  portion  of 
this  surface  internal  to 
the  tympanic  bone  gives 
attachment  to  the  car- 
tilage of  the  Eustachian 
tube.  The  rough  irre- 
gular line  of  junction  be- 
tween the  inferior  and 
internal  aspects  of  the 
petrous  bone  gives  origin 
to  the  levator  palati  and 
tensor  tympani  muscles 
and  to  the  pharyngeal 
aponeurosis. 


s; 


fei 


Fig.  324. — Oblique  section  through  the  temporal  bone,  to 
show  the  tympanic  cavity  and  the  mastoid  cells. 


Other  structural  details  of 
the  petrous  bone  are  described 
in  connection  with  the  ana- 
tomy of  the  ear  (§  537). 

Development.— -The 

whole  squamous  portion 
ossifies  from  a  single  centre,, 
appearing  near  the  root  of 
the  zygoma  in  the  seventh 
week.  The  styloid  portion 
has  two  centres,  a  tympano-hyal  and  a  stylo-hyal,  ossifying  respectively  about  the  seventh 
month  before  and  the  sixth  month  after  birth,  but  these  dates  are  inconstant.  The  tympanic 
ossifies  from  a  single  centre,  appearing  in  the  thirteenth  week,  becoming  a  slender  ring  around 
the  menibrana  tympani,  and  extending  inwards.  The  petrous  ossifies  from  four  centres,. 
one  opisthotic,  sometimes  double,  posterior  to  the  outer  semicircular  canal,  from  which 
the  hinder  part  of  the  petrous  and  the  mastoid  portions  develope ;  one  prootic  above 
and  in  front  of  the  internal  meatus  ;  one  epiotic  above  and  external  to  the  superior  semi- 
circular canal  extending  over  the  cochlea  ;  and  a  fourth  at  the  back  of  the  mastoid  portion. 
These  appear  in  the  cartilage  during  the  twelfth  and  fifteenth  weeks,  and  unite  into  a 
continuous  mass  by  the  end  of  the  fifth  month.  At  birth  the  tympanic  is  slender,  joined  at 
each  end  to  the  squamous  and  petrous  bones,  which  are  separated  by  a  layer  of  cartilage. 
The  mastoid  process  is  undeveloped,  and  the  glenoid  cavity  flat  and  everted.  Two  small  bony 
tubercJes  grow  out  from  the  margin  of  the  tympanic  ring,  one  in  front  and  one  behind ;  these, 
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by  growing  outwards,  lengthen  the  meatus,  and  at  the  end  of  the  second  year  they  meet 
externally,  bounding  a  foramen  in  the  bony  floor  of  the  meatus,  which  gradually  closes, 
disappearing  at  six.  The  hiatus  subarcuatus,  which  represents  the  rloccular  fossa  of  other 
mammals,  is  large  in  the  foetal  bone,  and  in  early  life  transmits  a  minute  vessel.  The 
mastoid  process  begins  to  project  at  the  end  of  the  first  year. 

At  birth  there  is  an  air-space  beneath  the  hinder  edge  of  the  squamosal,  where  it  overlaps 
the  mastoid  portion.  This  is  the  mastoid  antrum,  and  it  opens  into  the  tympanum.  The 
walls  of  this  cavity  thicken,  become  cancellous,  and  are  finally  absorbed,  and  air-spaces 
invade  the  cancellous  tissue  at  about  nine  years  of  age. 

Small  ossicles  (the  bones  of  RlOlan)  are  frequently  developed  along  the  petro-occipital 
suture. 

Besides  the  structures  directly  connected  with  the  ear  and  lower  jaw,  the  temporal  bone 
in  the  recent  state  has  attached  to  it  a  petFO-OCCipital  ligament,  sometimes  ossified  into 
an  intrajugular  process,  which  traverses  the  jugular  hole,  separating  the  venous  or  posterior 
part  of  the  foramen  from  the  nervous  or  anterior  part. 

The  temporal  bone  contains  within  it  three  sets  of  cavities: — 1,  The  tympanum,  at 
the  bottom  of  the  external  auditory  meatus,  which,  with  the  Eustachian  tube,  is  the 
modified  cavity  of  the  first  post-oral  visceral  cleft ;  2,  the  vestibule  and  its  appended 
cavities,  the  coiled  cochlea  in  front,  the  semicircular  canals  above  and  internally  ;  and  3, 
the  mastoid  cells,  excavations  in  the  surface  and  substance  of  the  opisthotic,  covered  in  by 
the  squamosal. 

The  temporal  bone  gives  origin  to  eleven  muscles  and  insertion  to  three. 

122.  THE  SPHENOID  is  a  compound  bone  made  by  the  fusion  of  ten 
elements,  and  forming  part  of  the  floor  of  the  anterior  and  middle  cranial  fossa?, 
of  the  temporal  and  nasal  fossa?,  of  the  orbit  and  base  of  the  skull.      It  consists 

of  a  median  body,  two  lesser  wings,  and  two  greater  wings. 

The  body,  made  by  the  union  of  two  parts  which  represent  the  united 
pre-  and  basi-sphenoid  bones  of  other 
vertebrates,  presents  six  surfaces ;  its 
posterior  aspect  is  rough,  and  unites 
with  the  basioccipital  by  synchondrosis 
before  the  age  of  twenty-one,  but 
after  that  age  by  synostosis  (fig.  326). 
Above  this  is  the  upper  part  of  the 
ClivilS  or  anterior  wall  of  the  posterior 

cranial    fossa,    rising    forwards    to    the    r.         „      a  ,        . ,  ,  ,,.,,      , 

,  ,  .       ..  °  m,         ,  t    ,        i     -tig-  i2^. — .Sphenoid  bone  at  birth,  showing 

dOPSUm   ephippil.     The  sharp  lateral        °  °  £  component  parts. 

margins  of  this  portion  slope  downwards 

and  outwards,  and  end  in  the  sharp  processi  petrosi  postici,  which  are 
joined  by  cartilage  to  the  apices  of  the  temporals. 

The  upper  surface  presents  posteriorly  the  deep  pituitary  fossa  or  sella 
turcica,  bounded  behind  by  the  rough-edged  dorsum  ephippii,  which  ends  on 
each  side  in  a  lateral  knob,  the  posterior  elinoid  process.  In  front  of  the 
fossa  is  the  transverse  olivary  process  or  tubercle,  anterior  to  which  is  the 
transverse  groove  for  the  optic  commissure.     This  groove  is  bordered  in  front 

by  a  ridge,  limbus  sphenoidalis,  from  which  a  flat  surface,  jugum  sphen- 
oidale, extends  forwards,  forming  part  of  the  floor  of  the  anterior  fossa, 
ending  anteriorly  in  the  sharp  ethmoidal  spine  which  joins  the  hinder  edge 
of  the  cribriform  plate.  From  each  side  of  this  presphenoidal  surface  the 
lesser  wings  extend  outwards. 

The  anterior  surface  presents  a  median  sharp  ridge,  the  crista  sphenoi- 
dalis,  descending  from  the  under  surface  of  the  ethmoidal  spine.  The  body  of 
the  sphenoid  is  seen  in  this  aspect  to  be  hollow,  the  cavity  being  divided  by  a 
median  partition  into  two  lateral  parts,  the  sphenoidal  sinuses.  The 
Septum,  which  is  the  backward  continuation  of  the  crista,  is  usually  bent  to 
one  side.  The  opening  of  each  sinus  is  bounded  below  and  internally  by  a 
curved  triangular  plate  of  bone  concave  above,  convex  downwards  and 
forwards,  the    COrnua    sphenoidalia  (spheno-turbinals  or  ossicula  Bertini), 
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which  are  originally  separate  bones  in  the  adolescent  skull.  External  to 
the  opening  of  the  sinus  is  the  vertical  orbital  lamella  of  the  body  of  the 
sphenoid,  which  joins  the  hinder  edge  of  the  os  planum  of  the  ethmoid  and 
presents  below  a  palatine  notch  for  the  orbital  plate  of  the  palatine  bone. 

The  lower  surface  forms  the  roof  of  the  choanal  and  presents  medially  a 
rido-e,  the  rostrum,  continued  down  from  the  crista,  sharp  in  front,  shading 
off  behind,  and  articulating  with  the  vomer.  On  each  side  of  this  the  in- 
ferior and  posterior  angle  of  the  ossiculum  Bertini  is  continued  backward  ; 
external  to  which  is  a  groove  filled  with  thickened  periosteum  and  bordered 
externally  by  a  prominent  lamella,  processus  vaginalis,  continued  inwards 


JTomuIus  ptetyy 


Fiss.pteryg. 


Fig.  326. — Sphenoid  bone,  seen  from  behind;  its  intracranial  surface. 

from  the  internal  pterygoid  plate.  Behind  these  the  sphenoid  becomes  con- 
tinuous with  the  basioccipital,  often  presenting  a  median  foramen  basilare 
close  to  the  suture. 

The  side  of  the  body  of  the  sphenoid  gives  attachment  above  and  in  front  to 
the  lesser  Wing,  which  has  two  roots — a  superior,  continuous  with  the  upper 
surface  of  the  body,  and  a  lower  on  the  level  of  the  olivary  process.  Between 
these  roots  is  the  optic  foramen,  transmitting  the  optic  nerve  and  the 
ophthalmic  artery. 

Below  the  lesser  wing  the  side  of  the  body  bounds  the  sphenoidal  fissure 
(superior  orbital  fissure)  internally,  and  still  farther  downwards  and  backwards 
gives  origin  to  the  great  wing.  Above  the  root  of  the  latter  the  side  of  the 
body  is  grooved  by  the  carotid  artery,  the  sulcus  for  which  lies  outside  the 
olivary  process,  on  each  side  of  the  pituitary  fossa,  and  still  more  deeply 
indents  the  side  of  the  body  posterior  to  the  root  of  the  great  wing.  The 
lip  of  the  groove  behind  the  artery  is  the  processus  petrosllS  posticus  ; 
the  thin  lamella  in  front  is  the  ligula  or  processus  petrosus  anticus — it  really 
belongs  to  the  body,  but  is  pressed  out  by  the  artery  and  applied  to  the  back 
of  the  great  wing. 

Three  canals  traverse  the  root  of  attachment  of  the  great  wing  of  the 
sphenoid  along  the  outer  side  of  the  body — the  uppermost  is  the  foramen 
rotundum  for  the  superior  maxillary  nerve,  directly  below  the  sphenoidal 
fissure ;  the  second  is  the  Vesalian  canal,  an  irregular  vascular  hole,  often 
absent,  transmitting  a  small  vein ;  the  third  or  Vidian  canal  traverses  the 
line  of  attachment  of  the  internal  pterygoid  plate  to  the  side  of  the  body,  and 
transmits  the  Vidian  artery  and  nerve. 
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The  lesser  wing's  or  orbito-sphenoids  are  elongated  and  triangular,  pro- 
jecting from  the  sides  of  the  upper  and  anterior  part  of  the  body.  They  are 
flat  above  where  they  form  part  of  the  floor  of  the  anterior  cranial  fossa.  The 
front  border  is  toothed  to  unite  with  the  orbital  plate  of  the  frontal.  The 
hinder  edge  is  free  and  crescentic,  and  corresponds  to  the  Sylvian  fissure  in  the 
brain,  ending  posteriorly  and  internally  in  a  sharp  knob,  the  anterior  clinoid 
process,  which  is  directed  towards  the  sella  turcica,  and  often  grooved  on  its 
inner  side  by  the  ophthalmic  artery.  The  lower  or  orbital  surface  is  smaller 
than  the  upper,  and  presents  a  sharp  orbital  ridge  continuous  with  the  front 
edge  of  the  inferior  root  of  the  wing.  From  the  periosteum  clothing  this  ridge 
and  the  lesser  wing,  five  of  the  orbital  muscles  arise.  The  apex  of  the  wing  is 
external,  separated  from  the  great  wing  by  a  narrow  slit,  closed  in  the  skull  by 
the  orbital  process  of  the  frontal. 

The  greater  Wing's  or  alisphenoids  project  from  the  lower  part  of  the  side 
of  the  body.  Each  presents  four  surfaces — a  concave  superior  or  cerebral,  form- 
ing the   front  part  of  the  floor  of  the  middle  cranial   fossa;  a  quadrate  flat 
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Fig.  327. — Sphenoid  bone,  seen  from  before;  its  basilar  and  orbital  surfaces. 

anterior  or  orbital  surface  making  the  chief  part  of  the  outer  wall  of  the  orbit; 
a  convex  external  or  teraporo-basilar,  and  a  triangular  frontal  or  sutural  surface 
which  in  the  skull  is  covered  by  the  orbital  plate  of  the  frontal. 

The  cerebral  surface  is  isolated  by  four  edges — an  internal,  sharp  edge,  which 
forms  the  outer  lip  of  the  sphenoidal  fissure  ;  a  superior  which  enters  into  suture 
with  the  frontal  and  parietal  bones  ;  an  external,  concave,  thicker  behind,  which 
articulates  with  the  squamous  ;  and  a  posterior,  straight  edge,  joined  by  synchon- 
drosis to  the  petrous.  The  external  and  posterior  edges  unite  at  the  acute  and 
back-directed  spine  of  the  sphenoid,  which  is  pierced  by  a  hole  (foramen 
Spinosum)  for  the  middle  meningeal  artery.  The  outer  part  of  the  surface 
is  grooved  by  branches  of  the  middle  meningeal  artery,  and  by  the  inferior  and 
middle  temporo-sphenoidal  convolutions  of  the  brain.  At  its  root  are  the 
round  and  Vesalian  holes,  behind  and  external  to  which  is  the  foramen 
Ovale  for  the  inferior  maxillary  nerve.     The  thin  plate  of  bone  which  bounds 

this  behind  (lamina  spheno-petrosa)  is  often  pierced  by  a  fine  innominate 

Canal,  for  the  lesser  superficial  petrosal  nerve. 

The  flat  orbital  surface,  whose  plane  converges  backwards  to  that  of  its 
fellow  at  an  angle  of  ioo°,  is  bounded  externally  by  a  toothed  edge,  crista 
malaris,  which  joins  the  malar,  above  by  a  sutural  edge  for  the  frontal,  below 
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its  edge  is  rounded,  and  forms  the  hinder  lip  of  the  spheno-maxillary  fissure, 
Crista  spheno-maxillaris,  and  internally  its  sharp  edge  forms  the  free 
margin  of  the  sphenoidal  fissure,  crista  orbitalis.  A  little  in  front  of  this 
is  a  tubercle  for  the  attachment  of  part  of  the  external  rectus  oculi  muscle. 

The  temporo-hasilar  surface  presents  three  parts— temporal,  infra-temporal, 
and  pterygoid.  The  horizontal  infra-temporal  crest  limits  the  temporal 
area  below,  and  enlarges  anteriorly  into  a  prominent  knob,  the  tubercurum 
spinOSlim.  The  temporal  portion  gives  origin  to  the  temporal  muscle,  is 
bounded  in  front  by  the  crista  malaris;  above,  it  articulates  with  the  parietal 
and  frontal  bones ;  behind,  it  is  overlapped  by  the  squamous  bone.  The  infra- 
temporal surface  is  bounded  in  front  by  the  spheno-maxillary  crest,  and  exter- 
nally articulates  with  the  squamous  ;  it  gives  attachment  to  a  few  upper  fibres 
of  the  external  pterygoid,  and  at  its  hinder  border  presents  the  openings  of  the 
foramina  ovale  and  spinosum.  The  lower  surface  of  the  spine  of  the  sphenoid 
is  usually  elongated  downwards  into  a  styloid  process  or  spina  angularis. 

Projecting  downwards  from  the  lower  surface  of  the  root  of  the  great  wing 
of  the  sphenoid  are  the  pterygoid  plates,  two  on  each  side,  internal  and 
external.  The  internal  pterygoid  plate  is  the  remains  of  the  pterygoid 
bone,  and  arises  independently  in  the  embryo.  In  the  adult  it  forms  the  outer 
wall  of  the  posterior  nostril,  beginning  above  in  a  small  stumpy  process,  the 
pterygoid  tubercle,  which  is  separated  from  the  ligula  and  spheno-petrosal 
lamina  above  by  the  opening  of  the  Vidian  canal.  From  this,  a  more  or  less 
distinct  edge,  crista  basilaris,  is  continued  inwards  towards  the  side  of  the 
rostrum  of  the  sphenoid,  the  margin  then  turns  sharply  forwards  and  projects 
as  the  vaginal  process  along  the  outer  edge  of  the  lower  part  of  the 
ossiculum  Bertini,  terminating  at  the  anterior  opening  of  the  Vidian  canal. 
The  root  of  the  vaginal  process  is  often  pierced  by  a  pterygO-pharyngeal 
canal,  completed  by  the  palatine  bone,  for  a  nerve  and  vessels.  The  root  of 
the  internal  pterygoid  plate  is  posteriorly  depressed  into  a  shallow  scaphoid 
fOSSa,  to  which  the  Eustachian  cartilage  is  attached,  and  from  whose  outer 
marginal  ridge  the  tensor  palati  muscle  arises.  Where  this  ridge  becomes 
confluent  with  the  hinder  margin  of  the  internal  pterygoid  plate,  a  small 
tooth,  the  processus  tubarius,  usually  projects.  The  lower  end  of  the 
internal  pterygoid  plate  is  prolonged  backwards  and  outwards  into  a  spur, 
the  hamular  process,  whose  outer  grooved  surface  (sulcus  hamuli) 
forms  a  pulley  for  the  tendon  of  the  tensor  jjalati.  Between  the  two  pterygoid 
plates  below  is  a  triangular  interspace,  into  which  the  pyramidal  process 
of  the  palatine  bone  is  wedged.  From  the  hamular  process  and  lower  half  of 
the  hinder  edge  of  the  internal  pterygoid  plate  the  superior  constrictor  of 
the  pharynx  arises. 

The  outer  pterygoid  plate  is  a  muscular  crest  of  the  alisphenoid,  and 
projects  farther  back,  but  not  so  low  down  as  the  inner.  To  its  outer  surface 
is  attached  the  external  pterygoid  muscle,  to  its  inner  surface  the  internal 
pterygoid.  These  surfaces  are  rough  for  the  attachment  of  tendinous  planes  in 
these  muscles.     The  fossa  between  the  two  pterygoid  plates  is  the  pteryg'Oid 

fossa. 

Development. — The  sphenoid  bone  is  developed  in  the  basi-cranial  cartilage.  About 
the  eighth  week  a  bony  centre  for  the  alisphenoid  appears  at  the  root  of  the  great  wing,  a 
week  later  two  unsymmetrical  nuclei  appear  in  the  middle  of  the  cartilage  in  front  of  the  end 
of  the  notochord ;  these  unite  about  the  fifteenth  week,  forming  the  basisphenoid.  About 
the  ninth  week  bony  formation  begins  in  the  oi'bitosphenoids  directly  outside  the  optic  nerves, 
and  in  the  eleventh  week  two  nuclei  form  internal  to  these  nerves,  and  rapidly  extend  out- 
wards to  unite  with  the  orbitosphenoids,  but  they  spread  slowly  inwards.  These  two 
pr-e-oibitosphenoidal  ossicles  join  the  basisphenoid  at  the  end  of  the  seventh  month.  The 
pterygoid  bone  shows  its  first  sign  of  ossification  in  an  ectosteal  spot  about  the  fifteenth 
week,   and  unites  with  the  alisphenoid   in  the    fifth   month.      The  alisphenoids  join  the 
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basisphenoid  ten  months  after  birth.  Accessory  centres  appear  in  the  ligulas  about  the 
sixth  month,  in  the  cornua  Bertini  in  the  first  year,  and  these  last  join  the  body  at  sixteen. 
The  cornua  are  at  first  solid  cartilaginous  blocks  below  the  ptesphenoid  and  above  the  base  of 
the  vomer ;  but  they  become  hollowed  as  they  ossify,  each  being  invaded  at  about  seven  years 
of  age  by  a  pouch  of  nasal  mucous  membrane,  forming  the  sphenoidal  sinus,  under  which 
ectosteal  ossification  progresses.  The  outer  layer  of  the  ossicle  fuses  with  the  root  of  the 
alisphenoid  to  form  the  roof-plate  of  the  spheuo-palatine  notch,  the  inferior  part  remains 
as  the  cornu  as  seen  in  the  adult,  while  the  upper  portion  rises  and  remains  either  as 
a  horizontal  partition,  separating  the  sinus  from  the  later  formed  spheno-ethmoidal  cells, 
which  develope  above  it,  or  else  it  becomes  absorbed.  In  old  bones  the  sphenoidal  sinus  is 
often  extended  to  the  roots  of  the  pterygoid  plates.  The  dorsum  ephippii  is  an  independent 
ossification  in  the  fibrous  tissues  underlying  the  dura  mater. 

The  sphenoid  bone  thus  presents  fort}'  named  processes  and  ridges,  is  traversed  by  sixteen 
foramina,  and  forms  part  of  the  boundary  of  ten  others.  It  gives  attachment  to  thirteen 
pairs  of  muscles,  and  has  originated  from  fourteen  centres  of  ossification. 

123.  PROPER  LIGAMENTS.— To  the  recent  sphenoid  bone  four  pairs  of  proper  liga- 
ments are  attached:  (1)  ptePygO-spinous,  usually  consisting  of  two  slips,  an  upper  and 
lower,  from  the  styloid  elongation  of  the  spine  of  the  sphenoid  to  the  toothed  hinder  edge  of 
the  external  pterygoid  plate.  Both  this  and  the  external  pterygoid  plates  are  specialised 
parts  of  a  fibrous  lamella  developed  between  the  planes  of  the  two  pterygoid  muscles  in  the 
mandibular  arch ;  (2)  ptePygO-tempOPal,  a  weak  areolar  slip,  from  the  outside  of  the 
external  pterygoid  plate  at  its  upper  third  to  the  tuberculum  sphenoideum  ;  (3)  inteP- 
elinoid,  a  cord  included  in  a  fold  of  dura  mater,  from  the  anterior  to  the  posterior  clinoid 
processes ;  (4)  eaPOtieo-elinoid,  a  similar  cord,  from  the  lateral  angle  of  the  olivary 
process  to  the  anterior  clinoid. 

Fibrous  bands  also  exist,  tying  the  petrous  bone  to  the  sphenoid.  (1)  AntePiOP  Spheno- 
petrosal ligament,  from  the  ligula  to  the  anterior  margin  of  the  carotid  canal  ;  (2) 
infePiOP  Spheno-petPOSal,  from  the  pterygoid  tubercle  to  the  under  surface  of  the 
petrous  bone  at  its  apex  ;  (3)  posterior  SUpePiOP  Spheno-petPOSal,  from  the  posterior 
clinoid  process  to  the  front  of  the  .superior  margin  of  the  petrous,  arching  over  the  sixth 
nerve  and  the  inferior  petrosal  sinus  ;  (4)  a  posterior  infePiOP  Spheno-petPOSal  some- 
times exists  below  these.  These  ligaments  occasionally  ossify.  The  spino-mandibular 
ligameut  is  described  in  connection  with  the  lower  jaw  (§  134). 

The  detached  post-frontal  ossicle  in  the  spheno-parietal  suture,  which  has  been  already 
mentioned,  is  a  membrane  bone,  arising  as  a  cluster  of  little  osseous  nodules  in  the  seventh 
month,  and  has  no  original  connexion  with  either  the  orbito-  or  alisphenoid,  although  it 
may  ultimately  ankylose  with  the  latter. 

124.  THE  ETHMOID  BONE   is  a  fragile  cubical  mass  of  bony  lamella?, 
making  the  chief  part  of  the  skeleton  of  the  nasal  fossa*,  lying  in  front  of  the 

Crist"  galli. 
Alar  proa  ss. 


Lamina  p<  rp<  ndic 


Uncinate  pr. 

Ethmoidal  iwocess. 
Lacrymal  process. 

Maxillary  process. 


Fig.  328. — Ethmoid  and  inferior  turbinal  bones  seen  from  the  left  side. 

body  of  the  sphenoid  below  the  ethmoidal  notch  of  the  frontal.     It  consists  of 
four  parts  :   (1)  A  small  horizontal  cribriform  plate  (fig.  3I2)>  which  fills  the 
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ethmoidal  notch  of  the  frontal ;  from  the  middle  line  of  which  projects  upwards 
(2)  a  spur,  the  crista  galli,  and  downwards  (3)  a  thin  median  plate,  the 
lamina  perpendiculariS,  making  the  upper  third  of  the  septum  between 
the  right  and  left  nasal  passages.  (4)  From  the  lateral  border  of  the  cribriform 
plate  on  each  side  descends  an  irregular  mass  of  thin-walled  bony  cells  (the 
nasal  labyrinth),  presenting  a  flat  plate,  the  OS  planum  (lamina  papyracea 

fio-.    308),    outwards    towards   the   orbit,    and  an  irregularly  folded   surface 

inwards,  which  forms  part  of  the  outer  wall  of  the  nasal  fossa?  (flg.  309). 

The  cribriform  plate  is  thin  and  depressed,  and  pierced  by  three  irregular 
rows  of  holes,  from  twenty  to  thirty  on  each  side,  for  branches  of  the  olfactory 
nerve.  The  outer  holes  transmit  branches  to  the  labyrinth,  the  middle  to  the 
roof  of  the  nose,  and  the  inner  to  the  septum.  On  each  side  of  the  crista  galli 
is  a  slit  for  the  nasal  branch  of  the  fifth  nerve. 

The  crista  galli  (fig-  312),  thin  behind,  rises  forwards  into  a  thick  trian- 
gular process  which  gives  attachment  to  the  falx  cerebri  of  the  dura  mater,  and 
ends  in  front  by  descending  rather  suddenly  to  the  foramen  CSeCUm,  on 
each  side  of  which  it  sends  an  alar  process  forward. 

The  lamina  perpendiculariS,  or  mesethmoid  (fig.  310,  F),  is  a  five-sided 
plate  attached  above  to  the  cribriform  plate,  through  which  it  is  continuous 
with  the  crista  galli.  Its  surfaces  along  this  border  are  grooved,  pierced,  and 
channelled  by  the  descending  nerves.  Above  and  in  front  it  descends  from  the 
process!  alares  beneath  and  attached  to  the  nasal  spine  of  the  frontal  (fig.  309), 
and  underlies  the  median  union  of  the  nasals  for  a  short  extent.  Below  and  in 
front  it  presents  a  retreating  border,  thickening  where  it  becomes  continuous 
with  the  cartilaginous  element  of  the  nasal  septum.  Below  and  behind  it 
articulates  with  the  vomer,  which  is  here  thin  ;  posteriorly  it  joins  the  crista 
sphenoidal  is.  In  the  recent  state  its  periosteum  is  inseparable  from  the 
mucous  membrane  which  covers  it. 

The  labyrinth  or  lateral  mass  originally  presented  a  continuous  wall 
bounding  its  contained  cells,  but  as  age  advances  this  has  become  absorbed 
wherever  it  underlies  other  bones,  and  so  the  cells  open  on  the  surface.  Its 
upper  surface  rises  above  the  level  of  the  cribriform  plate  (fig.  310,  2)  and 
underlies  the  orbital  plate  of  the  frontal ;  the  cells  along  this  surface  are 
fronto-ethmoidal,  completed  in  boundary  by  the  frontal  bone.  The  hind- 
most is  separated  from  the  others  by  a  groove  converted  by  the  frontal  into  a 
canal,  the  posterior  ethmoidal  foramen,  for  an  artery  and  a  minute  nerve 
(fig.  308,  6) ;  the  second  cell  in  front  of  this  is  similarly  separated  from  its 
predecessor  by  a  similar  groove  (ib.,  5),  the  anterior  ethmoidal,  for  the 
nasal  nerve  and  the  anterior  ethmoidal  artery.  The  foremost  cell  underlying 
and  receiving  the  opening  of  the  frontal  sinus  becomes  modified  into  a  passage, 

the  infundibulum. 

Ihe  outer  wall  of  the  labyrinth  chiefly  consists  of  the  flat  OS  planum  or 
lamina  papyracea,  which  forms  half  of  the  inner  wall  of  the  orbit  (tigs.  307  and 
308).  This  articulates  above  with  the  frontal,  below  with  the  maxilla,  posteriorly 
with  the  sphenoid  and  palatine,  and  in  front  with  the  lacrymal ;  along  its 
upper  edge  are  the  fronto-ethmoidal  cells  ;  in"  front,  beneath  the  lacrymal, 

are  two  lacrymo-ethmoidal ;  behind  there  is  a  spheno-  and  a  palato- 
ethmoidal (fig.  308,  6) ;  while  along  the  lower  edge  of  the  os  planum  are 
several  maxillo-ethmoidal  cells.  The  absorption  of  the  outer  wall  of  these 
maxillo-ethmoiclal  cells  has  caused  the  separation  along  the  lower  and  outer 
border  of  a  slender  irregular  slip,  the  processus  uncinatUS  (tig.  309,  6), 
attached  in  front,  free  behind  and  below,  which  articulates  below  with  the 
inferior  turbinal.     Above  and  in  front  of  this  there  may  be  a  second  or  lesser 

uncinate  process. 

Each  ethmoidal  cell  opens  into  the  nasal  cavity  between  the  labyrinth  and 
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the  mesethrnoid.  The  hindmost  fronto-ethmoidal  cells  bulge  the  inner  wall  of 
the  labyrinth  inwards  above,  and  this  projection  is  continued  downwards  as  a 
sharp  curved  fold,  the  superior  turbinal  bone,  which  overlaps  the  mouths 
of  the  cells.  Above  and  behind  this,  the  openings  of  the  sphenoidal  and  spheno- 
ethmoidal cells  form  a  depression,  the  meatus  SUpremuS,  over  which  there 
is  sometimes  a  small  curved  bony  plate,  the  concha  SUprema.  The  maxillo- 
ethmoidal  and  anterior  fronto-ethmoidal  cells  similarly  bulge  inwards,  and 
from  their  borders  a  shell-like  lamella,  the  middle  turbinal  bone,  is 
continued  downwards,  forming  a  lower  boundary  for  the  space  between  it  and 
the  superior  turbinal,  which  is  called  the  Superior  meatus  (fig.  309,  2),  and 
roofing  a  second  space,  the  middle  meatus  («§.,  6),  from  which  openings  pass 
into  the  large  air-space  of  the  upper  jaw  (7),  the  anterior  ethmoidal  cells,  and 
through  the  foremost  of  these,  or  infundibulum,  into  the  frontal  sinus. 

The  ethmoid  ossifies  in  the  cartilage  of  the  nasal  capsule.  A  small  centre  appears  on 
each  side  in  the  inner  wall  of  the  orbit  about  the  seventeenth  week,  which  gives  rise  to  the 
os  planum  and  extends  outwards  into  the  labyrinth  and  causes  its  ossification.  Six  months 
after  birth  a  single  nucleus  appears  in  the  mesethmoid  which  spreads  into  the  crista  galli, 
cribriform  and  perpendicular  plates.  The  first  traces  of  ethmoidal  cells  appear  as  rudiments 
in  the  seventh  month  foetus,  but  true  bony  cells  do  not  develope  until  the  end  of  the  third 
year.  The  ossification  of  the  cribriform  plate  unites  the  lateral  mass  to  the  mesethmoid  at 
the  beginning  of  the  third  year. 

The  ethmoid  thus  articulates  with  thirteen  bones,  has  fifteen  named  processes  and 
lamella?,  is  traversed  by  the  many  foramina  of  the  cribriform  plate,  assists  in  bounding  ten 
other  foramina,  ossifies  from  three  centres,  and  gives  attachment  to  no  muscles. 

125.   THE  INFERIOR  TURBINALS  are  a  pair  of  thin  curved  lamella,  one 
on  each  side,  separating  the  middle  from  the  inferior  nasal  (fig.  309,  9)  meatus. 


Fig.   329. — Right  inferior  turbinal  bone,  Fig.  330. — Right  nasal  bone,  posterior 

inner  surface.  surface. 

They  are  detached  portions  of  the  ethmoid  articulated  to  the  inferior  border  of 
the  uncinate  process  (fig.  328).  Each  presents  a  slightly  crumpled  inner  side 
whose  convexity  is  directed  upwards  and  inwards,  ending  below  in  a  convex  free 
border  (fig.  329,  5),  and  above  in  its  attached  edge.  Its  sharp  anterior  angle 
articulates  with  the  maxilla  (fig.  329,  2),  and  its  longer,  more  tapering  hinder 
extremity  articulates  with  the  palatine  (ib.,  1).  Between  these  on  the  outer 
face  of  the  bone  are  three  lamellar  processes,  two  ascending  and  one  descending 
(fig.  328).  The  anterior  ascending  or  lacrymal  process  turns  upwards  and 
forwards  to  join  the  lacrymal  bone  and  complete  the  tear  canal ;  it  is  the  highest 
part  of  the  bone  (fig.  329,  3).  This  is  separated  by  a  notch  from  the  ethmoidal 
process  which  joins  the  uncinate  process  of  the  ethmoid  (ib.,  4).  A  flat 
maxillary  plate  descends  vertically  at  the  middle  third  of  its  outer  side, 
lying  on  the  maxilla  below  the  opening  into  the  maxillary  air-cavity  or  antrum. 
The  inferior  curved  side  forms  the  upper  wTall  of  the  inferior  meatus.  The 
vascular  marks  upon  this  bone  are  sagittally  directed  (fig.  308,  18). 

This  bone  ossifies  in  cartilage  at  the  fifth  month  and  has  attained  to  its  adult  shape  at 
birth,  it  attains  its  full  size  at  seven  years  of  age  and  ankyloses  to  the  ethmoid  at  twenty. 
It  assists  in  bounding  two  foramina,  has  six  processes,  and  articulates  with  four  bones. 


232  NASA  I.  AND  LACRYMAL  BONES. 

126.  THE  NASAL  BONES  are  two  contiguous  oblong  strips  whose  shape 
determines  the  form  of  the  nose.  Their  facial  surface  is  concave  forwards  along 
the  vertical  axis,  flat  or  convex  transversely ;  and  each  presents  a  nasal  foramen 
for  a  nasal  tributary  of  the  facial  vein.  Each  bone  articulates  above  with  the 
frontal  by  a  short  convex  surface  beset  with  sharp  cusps  (fig.  330,  1);  externally 
its  longest  edge  is  fitted  into  an  irregular  groove  in  the  maxilla  (ib.,  3)  ; 
internally  it  meets  its  fellow  in  the  middle  line  by  a  surface  which  is  wide 
above,  but  which  narrows  to  a  thin  edge  below  (ib.,  4).  Posteriorly  it 
rests  above  on  the  rough  nasal  process  of  the  frontal  (fig.  317),  while  below,  the 
contiguous  margins  of  the  two  nasal  bones  are  prolonged  inwards  as  a  median 
ridge  which  rests  on  the  mesethmoid ;  on  each  side  of  this,  the  concave  nasal 
surface  is  lined  by  mucous  membrane,  and  is  grooved  longitudinally  by  the 
nasal   nerve  and   some  small  vessels  (fig.  330,  6).     The  lower  edge  (ib.,   2)  is 


Fig.  331. — Left  lacrymal  bone,  outer     Fig.  332. — Right  lacrymal  bone,  orbital  surface, 
or  orbital  surface.  second  form  of  the  bone. 

irregular  and  thin,  prolonged  into  a  shorter  median  and  a  longer  lateral  nasal 
Spine  between  which  is  a  prenasal  notch  for  the  exit  of  the  cutaneous  branch 
of  the  nasal  nerve. 

The  nasal  is  an  ossification  in  the  membrane  over  the  cartilaginous  nasal  sac,  and  begins 
to  ossify  in  the  seventh  week.  The  underlying  cartilage  becomes  absorbed  before  birth. 
The  fetal  boue  is  shorter  and  broader  than  the  adult,  and  in  the  fifth  month  measures  5  mm. 
by  3  ;  in  the  seventh,  7  by  4  ;  in  the  ninth,  10  by  6;  while  the  average  male  adult  bone 
measures  25  by  12  at  its  broadest  point,  and  7  at  its  narrowest,  which  is  near  its  upper  point 
of  trisection,  the  fundus  of  its  curve.  The  bone  is  somewhat  three-sided  for  its  upper  third, 
becoming  flat  and  thin  below.  The  outer  edge  is  usually  concave  above,  convex  below.  The 
inner  usually  presents  a  few  well-marked  cusps  close  to  its  frontal  end. 

The  shape  of  the  nose  is  modified  by  the  depth  of  the  fronto-nasal  sulcus;  this  is  absent 
in  the  hypothetical  Greek  profile,  but  deep  when  large  frontal  sinuses  co-exist  with  nasal 
bones  which  are  concave  in  their  upper  half.  It  also  varies  with  the  profile  of  the  lower 
half  of  the  inter-nasal  suture,  which  is  either  straight  or  concave,  as  in  the  flattened  or  tip- 
tilted  nose,  or  convex,  as  in  the  aquiline  ;  or  with  the  width  of  the  nasal  bones  and  the  angle 
formed  with  each  other  by  their  facial  surfaces,  as  well  as  with  the  relative  sizes  of  the 
bones  and  cartilage. 

127.  THE  LACRYMAL  BONES  are  two  thin,  often  fenestrated,  some- 
what quadrilateral  scales,  the  smallest  of  the  membrane  bones  of  the  face,  each 
forming  the  front  part  of  the  inner  wall  of  the  orbit  (fig.  308,  8).  Its  orbital 
surface  presents  a  flat  posterior  or  orbital  area,  and  a  sulcus  lacrymalis 
anteriorly  (figs.  331,  3;  332,  s).  The  former  articulates  with  the  os  planum  be- 
hind, the  frontal  above,  and  the  maxilla  below,  ending  anteriorly  in  a  sharp 
vertical  crista  lacrymalis,  from  which  the  tensor  tarsi  muscle  arises,  and 
whose  lower  end,  or  hamulus  (figs.  331,  4;  332,  ha),  is  prolonged  forwards  as  a 
hook  on  the  outer  side  of  the  nasal  duct.  The  sulcus  lacrymalis  is  a  vertical 
groove,  in  front  of  the  crest,  for  the  lacrymal  sac  and  nasal  duct ;  it  is  usually 
pierced  by  many  vascular  holes,  and  joins  the  maxilla  by  a  straight  edge  in  front. 

The  slightly  irregular  inner  or  nasal  surface  lies  on  the  ethmoid,  completing 
two  lacrymo-ethmoidal  cells  and  part  of  the  wall  of  the  infundibulum.  Its 
lower  border  ends  in  two  lamellar  processes,  a  roughly  triangular  proCGSSUS 
tUFDinalis,  which  joins  the  lacrymal  process  of  the  inferior  turbinal  bone, 
and  a  processus  lacrymalis,  which  forms  the  terminal  concave  lamella  of  the 
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sulcus  lacrymalis.     The  front  edge  of  the    uncinate   process    of  the    ethmoid 
articulates  with  the  concave  nasal  side  along  the  line  of  the  crista  (fig.  309,  8). 

The  lacrymal  thus  articulates  with  four  bones,  gives  attachment  to  one  muscle,  and 
assists  in  forming  two  canals. 

It  ossifies  in  membrane  over  the  lateral  aspect  of  the  olfactory  capsule,  and  first  appears 
in  the  eighth  week  close  to  the  orbital  plate  of  the  maxilla.  Its  upper  edge  touches  the 
frontal  in  the  twelfth  week,  and  the  crista  appears  in  the  thirteenth,  but  the  suture  with  the 
os  planum  does  not  appear  until  the  sixth  month,  nor  that  with  the  inferior  turbinal  until 
the  seventh. 

At  four  months  it  measures  4  mm.  in  vertical  height,  at  six  months  5  mm.,  at  birth  7^5 
by  5,  in  the  adult  male  16*5,  in  the  adult  female  15*5.  The  investing  periosteum  is  thin,  and 
the  bone  generally  contains  no  Haversian  canals.  Its  vessels,  derived  from  the  infraorbital 
artery  and  nasal  branch  of  the  ophthalmic,  ramify  on  its  surface.  The  hamulus  is  the 
degenerated  remains  of  the  facial  part  of  the  lacrymal  of  lower  mammals.  The  whole 
bone  is  a  diminishing  element. 

128.  THE  VOMER  is  a  single  median  vertical  plate  which  forms  the 
hinder  and  lower  part  of  the  nasal  septum  (fig.  310,  G).  Its  postei'ior  free  edge 
is  smooth  and  concave,  and  forms  the  partition  between  the  posterior  nares. 
The  upper  edge  is  the  stoutest  and  thickest.  It  splits  into  two  ahe  which 
embrace  between  them  the  rostrum  of  the  sphenoid,  making  therewith  the 
typical  schindylesis  joint.  The  anterior  margin  is  long  and  very  oblique.  Its 
upper  half  touches  and  ankyloses  with  the  mesethmoid,  while  for  its  lower  half 
it  separates  into  two  lamella?,  between  which  the  lower  margin  of  the  septal 
cartilage  is  received.  The  inferior  border  reaches  to  and  joins  the  septal  crest 
which  rises  along  the  nasal  surface  of  the  median  palatine  suture  of  the  maxilla? 
and  palatine  bones.  The  anterior  angle  is  truncated,  abutting  on  the  elevated 
incisive  crest  of  the  premaxilla,  and  sending  on  its  lower  surface  a  small  tongue 
of  bone  which  divides  into  two  the  upper  opening  of  the  anterior  palatine 
canal. 

The  vomer  is  clad  on  each  surface  with  mucous  membrane  inseparable  from  the  peri- 
osteum, and  marked  on  each  side  by  a  faint  groove  sloping  downwards  and  forwards  for  the 
nasopalatine  nerve  and  vessels.  It  is  usually  uusymmetrical,  pushed  to  one  side,  commonly 
to  the  left.  It  is  a  membrane  ossification  in  the  sheath  of  the  mesethmoid  cartilage, 
beginning  by  two  lateral  centres  which  appear  in  the  seventh  week.  The  young  bone  con- 
sists of  two  lamellae  which  become  early  united  below,  hence  it  appears  double  along  its 
upper,  but  single  along  its  palatine  edge. 

The  development  of  the  nasal  septum  is  an  interesting  morphological  study.  It  is 
primarily  a  cartilaginous  lamella  whose  xipper  and  back  parts  ossify  endosteally  as  the 
lamina  perpendicularis  of  the  ethmoid.  The  membranous  sheath  of  its  lower  and  back  part 
ossifies,  forming  the  vomer,  while  the  cartilage  which  originally  separated  its  layers  undergoes 
atrophy.     The  anterior  part  persists  in  its  original  cartilaginous  form. 

The  vomer  articulates  with  six  bones,  has  three  named  processes,  one  pair  of  grooves,  and 
forms  part  of  two  pairs  of  foramina,  the  posterior  nares  and  the  anterior  palatine. 

In  the  region  of  its  sphenoidal  articulation  there  are  three  canals  transmitting  small  vessels 
in  the  young  skull,  which  usually  become  obliterated  with  advancing  age  ;  these  are — 
one  median  vomerine  caual  between  the  vomer  and  the  root  of  the  rostrum,  and  a  lateral  on 
each  side  between  the  extremity  of  the  ala  vomeris  and  the  vaginal  process.  These  run 
parallel  to  and  may  communicate  with  the  pterygo-pharyngeal  canal  in  the  vaginal  process. 

129.  THE  MALAR  BONES  are  two  hard  bones  uniting  the  zygomatic 
processes  of  the  temporal  to  the  facial  bones,  and  forming  the  outer  piers  of  the 
orbital  arch.  Each  malar  projects  prominently  in  the  face  and  separates  the 
orbit  from  the  temporal  fossa.  It  consists  of  two  lamellae,  facial  and  orbital, 
united  together  at  an  angle  of  70°  along  the  crescentic  orbital  margin,  so  as 
to  present  three  surfaces— facial,  temporal  and  orbital.  The  facial  surface 
presents  below  its  mid  point  an  enlargement,  the  malar  tuberosity,  from 
which  the  zygoiwitici,  major  and  minor,  arise ;  above  this  is  the  opening  of  the 
zygomato-facial  canal  (fig.  333,  z).  Its  highest  point,  the  frontal  process, 
articulates  with  the  external  angular  process  of  the  frontal  bone  (fig.  307);  from 
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this  its  posterior  or  temporal  margin  descends  as  a  sharp  sigmoid  line  (fig.  333), 
to  which  the  temporal  fascia  is  attached;  a  strong  ascending  slip  of  this 
fascia  is  attached  to  one  spot  of  this  border,  which  is  occasionally  lengthened 

into  a  processus  marginalis.    Below  this  edge  is  the  zygomatic  angle 

(ib.,  Jug.),  which  joins  the  zygomatic  process  of  the  temporal  in  a  bevelled  suture, 
wherein  the  malar  underlies  the  temporal.  The  inferior  or  masseteric  edge 
is  rough  for  the  origin  of  the  masseler  muscle,  and  dilated  into  a  tubercle 
at  its  anterior  extremity,  where  it  joins  the  malar  process  of  the  maxilla. 
The  anterior  or  facial  edge  is  a  concave  suture,  joining  the  maxilla  obliquely, 
its  upper  extremity  stretching  forwards  and  inwards  to  end  in  a  sharp 
infraorbital  process,  whose  edge  forms  more  than  half  of  the  lower  margin 
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Fig.  333. — Right  malar  bone,  outer 
or  facial  surface. 


Fig.  334. — Right  malar,  inner  or 
temporo-orbital  surface. 


of  the  orbit.  The  orbital  edge  is  smooth  and  rounded,  forming  an  arc  of  more 
than  120°,  and  making  more  than  one-third  of  the  circumference  of  the  orbit. 

The  temporal  or  hinder  surface  is  concave,  pierced  by  the  zygomatico- 
temporal Canal  (fig-  334,3"),  giving  origin  to  a  few  fibres  of  the  temporal  muscle, 
especially  at  the  inside  of  its  zygomatic  angle,  but  mostly  in  contact  with  the 
buccal  mass  of  fat.  The  back  of  the  bone  is  horizontally  crossed  by  a  faint 
groove  (sulcus  internus)  from  the  middle  of  the  zygomatic  suture  to  the  middle 
of  the  maxillary  suture,  in  which  a  thick  band  of  periosteum  lies,  which  may 
become  ossified  at  either  end.  The  inner  margin  of  this  surface  articulates 
above  with  the  frontal,  next  with  the  great  wing  of  the  sphenoid,  and  below 
with  the  maxilla.  Between  its  line  of  articulation  with  the  sphenoid  and 
maxilla  it  closes  the  outer  end  of  the  spheno-maxillary  fissure. 

The  orbital  surface  is  concave,  pierced  by  the  orbital  ends  of  the  zygomatic 
canals  (ib.,  z). 

The  malar  ossifies  in  membrane  from  two  centres,  one  appearing  in  the  seventh  week  near 
the  orbital  margin  for  the  chief  mass  of  the  bone  ;  a  second,  not  always  constant,  for  the 
lower  margin,  appearing  as  a  nodule  about  the  twelfth  week,  and  joining  the  upper  one 
about  the  sixteenth  ;  a  third  occasionally,  but  inconstantly,  occurs  in  the  hinder  edge,  which 
appears  about  the  thirteenth  week,  but  joins  in  the  sixteenth,  so  that  the  bone  appears 
single  at  the  end  of  the  fourth  month.  The  primary  articulations  of  this  bone  are  the 
zygomatic  and  maxillary,  but  the  frontal,  though  secondary,  becomes  the  most  important  in 
the  adult,  as  by  it  the  shock  of  the  impact  of  the  lower  jaw  on  the  upper  is  transmitted  to 
the  skull.     This  portion,  therefore,  becomes  the  strongest  part  of  the  bone. 

The  malar  articulates  with  four  bones,  has  seven  named  processes,  gives 
origin  to  four  muscles,  and  is  pierced  by  three  holes,  while  it  forms  a  partial 
boundary  of  three  others. 

130.  THE  MAXILLiE  are  irregular,  hollow,  and  somewhat  five-sided  bones 
which  form  the  largest  part  of  the  face,  of  the   outer   wall  of  the  nose,   the 
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roof  of  the  mouth,  and  the  floor  of  the  orbits.  Each  bone  meets  its  fellow 
along  the  middle  line  of  the  hard  palate  in  the  middle  palatine  suture ;  they 
also  unite  in  a  median  suture  for  a  short  distance  on  the  face,  between  the 
central  incisor  teeth  and  the  nasal  aperture.  Its  lowest  border  forms  the 
alveolar  aFCh,  which  in  the  adult  makes  a  quadrant  of  an  ellipse,  and  in 
which  are  implanted  the  fangs  of  eight  teeth.  The  sockets  are  of  hard  bone, 
pierced  by  numerous  closely  set  holes  for  vessels  ;  their  inner  border  is  thicker 
than  the  outer,  which  is  thin  and  margined  by  a  faint  ridge. 

The  facial  surface,  above  the  alveolar  arch,  presents  two  shallow  fossse,  the 
myrtiform,  above  the  incisor  teeth,  separated  from  the  larger  or  canine 
fOSSa  (fig.  355,  2)  by  a  rounded  canine  ridge  (ib.,  3),  formed  by  the  projection 
forwards  of  the  socket  for  the  canine  tooth.  From  the  myrtiform  fossa  arises  the 
depressor  labii  superioris  muscle,  from  the  canine  the  levator  anguli  oris  and  the 
compressor  nasi.  This  fossa  is  bounded  behind  by  the  zygomatic  ridge,  which 
starts  from  the  alveolar  arch  at  the  socket  for  the  first  molar  tooth.    At  its  upper 

part  is  the  infraorbital  foramen  (14))  and  externally  is  the  malar  process 

(11)  for  the  malar  bone.  The  upper  and  inner  part  of  the  facial  surface  is  pro- 
longed upwards  between  the  nasal  and  laciymal  bones  to  articulate  with  the 
frontal.  This  nasal  process  (6)  is  marked  by  a  vertical  row  of  holes,  the 
SUtura  notha,  pierced  by  branches  of  the  infraorbital  artery,  behind  which 
the  orbital  margin  is  prolonged  upwards  as  an  orbital  ridge  (7),  giving  attach- 
ment to  the  tendo  oculi  and  its  associated  fasciae.  Behind  this  ridge  the  nasal 
process  forms  the  front  wall  of  the  lacrymal  sulcus  (8).  The  orbital  ridge  is 
continued  outwards,  and  forms  the  upper  limit  of  the  facial  surface  as  far  as  the 
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Fig.  336. — Palatine  surface  of  maxilla  and  palatine- 
bones  from  a  child  of  one  year  old. 


malar  suture,  and  is  often  ci-ossed  by  a  small  SUtura  verticalis,  descending 
from  it  to  the  infraorbital  foramen.  The  facial  surface  ends  internally  at 
the  apertura  pyriformis  to  the  sharp  edge  of  which  the  soft  parts  of  the 
nose  are  attached  ;  below,  it  projects  in  the  middle  line  as  the  nasal  spine  (5), 
giving  attachment  to  the  columna  nasi. 

The  flat  orbital  surface  (9)  slopes  downwards  and  outwards,  and  is  bounded  in 
front  by  the  short  orbital  ridge,  behind  which  its  inner  margin  is  indented  by 
the  lacrymal  sulcus,  around  which  the  hamulus  of  the  lacrymal  bone  stretches. 
Behind  this  its  inner  edge  articulates  with  the  lacrymal  and  os  planum, 
between  which  it  sends  a  projecting  spur  (angulus  ethmo-lacrymalis), 
and  posteriorly  its  apex  is  truncated  by  a  suture  for  the  palatine  bone  (12).  Ex- 
ternally it  is  separated  by  the  spheno-maxillary  fissure  from  the  great  wing  of 
the   sphenoid,   and   in  front  is  overlapped  by  the  infraorbital  process   of  the 
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malar  bone.  The  surface  is  marked  sagittally  by  a  groove  behind,  becoming 
a  canal  in  front,  the  infraorbital  canal  (10),  for  a  nerve  and  artery.  Along 
the  upper  surface  of  its  closed  anterior  part  a  sutural  line,  the  SUtura  infra- 
orbitalis,  is  continued  forwards  to  the  sutura  verticalis.  When  this  canal  is 
opened  by  filing  off  its  roof  two  smaller  canaliculi  are  seen  to  arise  from  it 
and  to  descend  in  the  front  of  the  maxilla  to  the  sockets  of  the  front  teeth. 
Close  behind  the  orbital  margin  and  external  to  the  hamulus  lacrymalis  is  a 
pit  giving  origin  to  the  obliquus  inferior  oculi.  ^ 

The  rough  and  rounded  hinder  surface,  or  tuber  maxillare  (13)5  extends  from 
the  back  of  the  alveolar  arch  behind  the  zygomatic  ridge  upwards  to  the  spheno- 
maxillary fissure,  whose  edge  is  here  grooved  by  the  beginning  of  the  infra- 
orbital canal.  Externally  it  is  continued  into  the  malar  process  on  which  the 
zygomatic  ridge  is  prolonged  from  below  to  end  in  a  masseteric  tubercle. 
Above,  the  malar  pi-ocess  ends  in  two  spurs,  one  the  zygomatic  spine  which 
juts  backwards  indenting  the  malar  at  the  front  end  of  the  sulcus  internus.  The 
second,  or  sphenoidal  spine,  ascends  in  front  of  the  spheno-maxillary  fissure 
towards  the  sphenoid,  but  it  is  usually  separated  from  that  bone  by  the  inter- 
jection of  a  small  spur  of  the  malar.  At  the  upper  and  inner  extremity  of  this 
surface  where  it  meets  the  orbital  and  nasal  surfaces  is  a  rough  area,  trigonum 

palatinum  (fig.  337,  pa),  upon  which  lies  the 

palatine   bone.      The    tuber   is   grooved   and 

pierced    by    the    branches    of    the    posterior 

^/■I'MvM  superior  dental  nerve  and  artery.     The  inner 

fc\lf  MilV&  edge  of  this  surface  runs  along  the  front  of 

the  pterygoid  plates,  but  is  separated  there- 
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Fig.  338. — Horizontal  section  of  maxilla,  showing 
the  antrum  —  i,  infraorbital  canal ;  n,  nasal 
duct;  p,  palatine  bone;  t,  inferior  turbinal ; 
2,  zygomastic  process  of  maxilla. 


from  by  a  thin  lamella  of  the  palatine  bone.  It  is  interesting  to  note  that 
the  edge  of  the  maxilla  pursues  that  of  the  sphenoid,  but  seldom  touches 
it  as  the  malar  and  palatine  intervene. 

The  inferior  surface  of  the  maxilla  consists  of  the  alveolar  arch  with  the  hard 
palate  (processus  palatinus)  internal  to  it.  The  latter  is  concave,  marked 
by  irregular  longitudinal  ridges,  and  pierced  by  many  holes  and  by  an 
oblique  posterior  palatine  gTOOVe  running  from  behind  forwards  and 
inwards.  Posteriorly  is  the  transverse  posterior  palatine  suture  where  it 
is  joined  by  the  palatine  bone,  internally  is  the  middle  palatine  Sllture 
running  sagittally  between  this  bone  and  its  fellow.  Anteriorly  behind  the 
incisor  teeth  is  a  groove  which,  when  the  two  maxillae  are  in  place,  forms  with 
its  neighbour  a  central  pit,  the  anterior  palatine  canal,  from  which  two 
openings,  the  canals  of  Stenson,  right  and  left,  ascend  to  open  into  the  two 
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corresponding  nostrils.     Two  smaller  holes,  canals  Of  Scarpa,  traverse  the 
suture  in  front  and  behind  the  canals  of    Stenson  and    transmit  fine  nerves. 

From  this  pit  an  imperfect  anterior  palatine  or  premaxillary  suture 

can  be  traced  outwards  to  the  inside  of  the  alveolus  for  the  canine  tooth. 

The  nasal  surface  of  the  maxilla  is  deeply  concave  and  smooth  below,  where 
it  forms  the  floor  and  outer  wall  of  the  inferior  meatus.  Along  the  median  line 
below  (fig.  337)  it  rises  into  a  semicrista  nasalis  which,  with  its  fellow, 
receives  and  articulates  with  the  vomer,  rising  in  front  of  the  anterior  palatine 
canal  into  a  more  prominent  semicrista  incisiva.  Above  the  smooth  area 
on  the  outer  wall  anteriorly  is  a  horizontal  crista  turbinalis  with  which 
the  inferior  turbinal  bone  articulates,  behind  which  is  the  lunula  lacry- 
malis  which  forms  part  of  the  wall  of  the  tear-duct.  Behind  this  is  the 
opening  into  the  great  central  hollow  of  the  bone,  the  antrum  of  Highmore. 
Still  farther  back  the  bone  is  rough  and  covered  by  the  perpendicular  plate  of 
the  palatine.  At  the  back  of  this  area  is  a  deep  descending  groove  which,  with 
a  similar  groove  in  the  palatine  bone,  forms  the  posterior  palatine  canal. 
The  inner  surface  of  the  nasal  process  completes  the  anterior  maxillo-ethmoidal 
cells  and  is  marked  by  an  oblique  line,  the  crista  ethmoidalis. 

The  antrum  or  sinus  maxillaris  (figs.  337  ;  338,  a)  is  an  irregularly  four- 
sided  cavity,  occupying  the  interior  of  the  bone  whose  substance  is  attenuated 
around  it  into  thin  walls,  orbital  above,  facial  in  front,  tuberous  behind,  and 
nasal,  the  most  extensive,  internally.  Its  lowest  part  is  in  the  interspace 
between  the  first  and  second  molar  teeth,  and  its  lower  border  corresponds 
to  the  upper  part  of  the  alveolar  arch  behind  the  first  premolar  tooth,  the 
bottom  of  the  sockets  projecting  as  hillocks  along  its  lower  angle.  The  large 
opening  in  the  maxilla  by  which  it  communicates  with  the  nose  is  encroached 
upon  by  the  uncinate  process  of  the  ethmoid  above,  by  the  palatine  behind,  by 
the  inferior  turbinal  below,  and  by  the  lacrymal  in  front.  In  the  recent  state 
it  is  diminished  to  a  very  small  hole  by  a  margin  of  mucous  membrane. 

The  maxilla  developes  by  parostosis  in  the  united  maxillary  lobe  and  frontonasal  process 
(§  15).  Three  ossifying  points  appear  in  the  seventh  week,  one  for  the  facial  surface,  one 
for  the  floor  of  the  orbit,  and  one  for  the  hinder  part  of  what  is  to  become  the  alveolar 
arch.  A  week  later  a  fourth  centre '  appears  for  the  palate  process,  and  a  fifth  for  the 
premaxillary  element.  All  these,  except  the  last,  coalesce  before  the  ninth  week  into  an 
irregular  bony  mass,  which  is  supplemented  at  the  beginning  of  the  ninth  week  by  two 
accessory  centres,  one  for  the  back  of  the  nasal  process,  and  one  for  the  malar  process ; 
these  also  unite  speedily.  From  the  premaxillary 
centre  in  man,  the  portion  in  front  of  the  canal  of 
Stenson,  and  the  hinder  wall  of  the  sockets  for  the 
incisor  teeth  are  developed,  but  the  anterior  wall  of 
the  sockets  of  these  teeth  is  formed  from  the  facial 
part  of  the  maxilla,  hence  no  premaxillo  maxillary 
suture  ever  normally  appears  on  the  human  face  as  it 
does  in  other  mammals,  hut  the  suture  between  these 
elements  on  the  palate  persists  until  middle  life. 
When,  from  deficiencies  of  the  front  of  the  maxilla, 
the  premaxillary  elements  fail  to  unite  with  the 
rest  of  the  maxilla,  it  constitutes  the  separate  pre- 
maxillary hone  which  so  often  co-exists  with  double 
harelip. 

In  the  course  of  growth  the  alveolar  process 
extends  around  the  tooth-germs  which  originate 
in  the  mucous  membrane ;  at  first  an  innerr  then  an  outer  wall  descend,  and  include 
between  them  a  long  continuous  dental  groove,  partitions  between  the  teeth  {juga 
alveoiaria)  being  later  in  development.  The  premaxilla  often  appears  double  in  its  early 
stage  as  it  includes  two  alveoli.  The  antrum  originates  at  the  beginning  of  the  fourth 
month  as  a  shallow  pouch  of  the  cartilaginous  outer  wall  of  the  nasal  capsule,  projecting 
outwards  between  the  places  where  afterwards  the  ethmoid  and  the  inferior  turbinals  are 
formed.  As  this  pouch  enlarges  its  cartilage  disappears  (fig.  339),  but  the  cavity  does  not 
assume  its  full  growth  until  after  the  second  dentition.     In  the  third  month  the  infraorbital 
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Fig.    339.  —  Coronal   section   of    left 
maxilla  at  birth,  showing  antrum. 
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nerve  lies  iu  a  groove  in  the  orbital  plate,  but  a  lamella  from  the  malar  process  of  the  maxilla 
overlaps  it  at  the  orbital  brim,  either  fusing  with,  or  uniting  in  a  suture  with  the  inner 
portion.  This  groove  at  first  lies  external  to  the  antrum  but,  after  the  first  dentition  has 
commenced,  the  antrum  extends  beneath  the  groove. 

The  maxilla  articulates  with  nine  bones,  presents  eighteen  named  processes  and  ridges,  is 
pierced  by  one  foramen,  forms  a  partial  boundary  of  live  others,  and  gives  attachment  to 
nine  muscles,  while  it  originates  from  seven  centres  of  ossification. 

131.  THE  PALATINE  BONES  are  two  thin  irregular  L-shaped  bones,  each 
consisting  of  two  lamellae — one  vertical  applied  to  the  back  of  the  maxilla 
where  it  approaches  the  pterygoid  plates  (tig.  340,  3),  and  one  horizontal,  the 
palate  process,  which  forms  the  hinder  part  of  the  hard  palate  (ib.,  5). 
This  portion  is  quadrate,  presenting  a  concave  free  border  behind,  to  which 
the  soft  palate  is  attached,  and  which  forms  the  lower  edge  of  the  choanse. 
This  combines  with  its  fellow  medially  to  form  the  back-jutting  posterior 
nasal  Spine  (tig.  311),  from  which  the  motor  uvulce  arises.  Internally  it 
joins  the  corresponding  bone  of  the  other  side  in  the  middle  palatine  suture, 
along  the  upper  surface  of  which  is  a  semicrista  nasalis  (ib.,  6),  which  with 
its  fellow  articulates  with  the  vomer  (fig.  310).  Anteriorly  it  joins  the 
palate  process  of  the  maxilla  in  the  posterior  palatine  suture,  externally  it 
presents  a  deep  notch   (fig.    341,  8),  completed   by  the   contiguous  border  of 

the  maxilla  into  the  posterior  palatine  canal  (fig.  311). 


Fig.  340. — Right  palatine  bone, 
seen  from  behind. 


Fig.  341. — Eight  palatine  bone, 
external  view. 


The  upper  or  nasal  surface  of  the  palate  process  is  smooth  and  transversely 
concave ;  the  lower  or  palatine  surface  is  marked  by  a  transverse  ridge 
posteriorly,  and  by  a  palatine  groove  laterally,  stretching  forward  from  the 
mouth  of  the  canal. 

Where  the  horizontal  joins  the  perpendicular  plate,  a  wedge-shaped 
pyramidal  process  (fig.  340,  7)  projects  backwards  between  the  twTo  ptery- 
goid plates,  completing,  by  its  hinder  concave  surface  (fig.  311),  the  floor  of 
the  pterygoid  fossa.  The  inner  side  of  the  process  receives  the  front  of  the 
internal  pterygoid  plate  into  a  groove,  the  outer  is  expanded  as  a  lamella  on 
the  external  plate. 

Two  fine  accessory  palatine  canals  run  through  this  process  at.  its 
root,  branching  off  from  the  larger  posterior  canal.  From  its  tuberous  lower 
end  a  tendinous  slip  of  the  internal  pterygoid  muscle  arises. 

The  perpendicular  plate  ascends  in  contact  with  the  hinder  part  of  the 
inner  surface  of  the  maxilla,  with  its  posterior  margin  applied  to  the  front 
edge  of  the  pterygoid  plates,  from  which  it  is  separated  above  bv  the  canal 
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for  the  posterior  palatine  nerve  and  vessels.  Its  inner  surface  (fig.  340)  is 
turned  towai'ds  the  nasal  fossae,  and  is  crossed  by  two  transverse  lines,  the 
Crista  turbinalis  below  for  the  inferior  turbinal  bone  (ib.,  4),  and  the 
Crista  ethmoidaliS  above  for  the  ethmoid  (3).  Between  and  below  these 
the  bone  is  smooth  and  mucosa-clad  in  the  recent  state.  The  external  rough 
surface  (fig.  341)  is  applied  to  the  maxilla,  and  by  its  front  edge  it  overlaps 
the  mouth  of  the  antrum,  while  along  its  hinder  edge  the  posterior  palatine 
groove  is  continued,  and  above  it,  over  the  crista  ethmoidalis  the  upper 
extremity  of  this  plate  is  divided  into  two  processes,  orbital  and  sphe- 
noidal. The  former  (ib.,  4)  is  five-sided,  and  is  the  larger,  higher,  and 
farther  forward,  hollowed  to  form  the  outer  wall  of  a  palatO-ethmoidal 
Cell  whose  mouth  looks  inwards  and  whose  edges  join  the  contiguous  edges 
of  the  ethmoid.  Its  front  surface  overlies  the  hinder  surface  of  the  maxilla, 
and  its  upper  and  inner  edge  touches  the  orbital  side  of  the  body  of  the 
sphenoid.  This  process  has  two  free  surfaces  —  one  flat,  oblique,  and 
triangular,  the  orbital ;  the  other  more  irregular  bounds  the  spheno-maxillary 
fissure  on  its  anterior  and  internal  side. 

The  posterior  or  sphenoidal  process  (fig.  341,  3)  is  smaller,  less  prominent, 
and  bent  more  directly  inwards  beneath  the  body  of  the  sphenoid.  Its  inner 
surface  is  directed  to  the  nasal  fossae,  its  outer  forms  part  of  the  floor  of 
the  pterygo-maxillary  fossa,  and  touches  the  body  of  the  sphenoid  above, 
completing  the  front  part  of  the   pteiwgo-palatine  canal. 

Between  these  processes  is  a  deep  notch,  completed  into  the  spheno- 
palatine foramen  by  the  smoo  h  area  of  the  root  of  the  great  wing  of  the 
sphenoid  between  the  round  and  the  Vidian  foramina,  and  by  an  outward 
extension  of  the  cornu  sphenoidale. 

The  palatine  bone  is  formed  in  a  part  of  the  pterygo-quadrate  cartilage,  and  is  very 
irregular  and  variable.  It  ossifies  by  a  single  centre  which  appears  at  the  front  of  the 
p}Tamidal  process  in  the  seventh  week. 

It  articulates  with  six  hones,  gives  attachment  to  five  muscles,  is  traversed  by  two 
foramina  and  forms  part  of  the  boundary  of  four  others,  and  presents  nine  named  processes. 

132.  THE  MANDIBLE  is  the  largest,  hardest,  and  heaviest  bone  of  the 
face,  of  whose  lower  third  it  forms  the  skeleton.      It  consists  of  a  horse-shoe- 


Fig.  342. — Side  view  of  mandible — A,  of  infant  at  birth  ;  B,  of  adult. 

shaped  body,  which  on  each  side  rises  into  an  ascending"  ramus,  ending 
above  in  two  processes.  The  body  is  made  up  of  two  symmetrical  halves 
whose  union  in  the  middle  line  is  called  the  symphysis  menti  (fig.  342). 
The    upper   edge  of  the   body   forms    a  parabolic    curve,   and   is   named    the 
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alveolar  arch,  as  it  is  excavated  into  a  row  of  pits  for  the  reception  of  the 
teeth.  Alone  the  convex  side  the  several  sockets  olten  bulge  to  form  appreci- 
able swellings,  while  along  the  concave  side  the  bone  is  uniform,  thicker,  and 
often  raised  into  an  obscure  roughish  seam. 


Fig.  343. — Half  of  mandible  seen  from  within — A,  of  infant  at  birth  ;  B,  of  adult. 

In  the  middle  line  the  front  of  the  body  presents  traces  of  an  obscure 
vertical  symphysial  line,  and  the  lower  border  here  projects  forwards  as  a 
broadly  triangular  or  rounded  process,  the  chin  or  mental  process,  whose 
base  below  is  rounded,  often  marked  with  a  shallow  median  notch,  on  each  side 
of  which  is  a  blunt  swelling,  the  mental  tubercle,  from  whose  upper  surface 
a  faint  line,  which  forms  the  limit  of  the  mental  process,  ascends  to  meet  its 
fellow  in  the  middle  line  below  the  sockets  of  the  incisor  teeth.  Outside  this- 
line  and  above  the  tubercle  is  the  fossula  mentalis,  which  gives  origin  to  the 
levator  menti. 

From  the  outer  angle  of  the  mental  tubercle  a  faint  interrupted  external 
oblique  line  ascends  backwards  to  the  level  of  the  last  molar  tooth.  Imme- 
diately below  the  inner  portion  of  this  line  the  depressor  labii  inferioris  is 
attached,  as  far  out  as  the  level  of  the  mental  foramen.  Below  the  outer 
part  the  depressor  anguli  oris  is  attached  as  far  out  as  the  level  of  the  first 
molar  tooth.  A  few  straggling  fibres  of  platysma  are  attached  below  this 
level.  Immediately  above  the  line  and  below  the  second  premolar  tooth,  or 
the  jugum  between  the  first  and  second,  is  the  round  mental  foramen,  trans- 
mitting the  mental  nerve  and  artery. 

The  inner  surface  of  the  body  is  more  irregular  than  the  outer  (fig.  343). 
Below  the  smooth  alveolar  surface  behind  the  incisors  there  is  often  a  median 
foramen,  a  trace  of  the  primitive  median  separation  into  two  halves,  not  trans- 
mitting any  large  vessel.  Still  lower  are  two  spur-like  genial  eminences 
(Spin.  went,  int.),  one  on  each  side  close  together,  often  blended,  for  the  attach- 
ment of  the  tendinous  origin  of  the  genio-hyo-glossus.  Below  these  is  a  median 
roughness,  to  each  side  of  which  is  attached  the  genio-hyoid ;  on  each  side  of 
this  and  close  to  the  lower  border  is  the  digital  depression  for  the  anterior 
belly  of  the  digastric  muscle  (fig.  343,  Biv). 

Above  and  outside  the  digastric  area  the  linea  Obliqua  interna  begins, 
stronger  and  more  distinct  than  the  extei-nal,  ascending  in  the  same  direction 
to  the  ramus,  which  it  reaches  on  the  level  of  the  last  molar  tooth.  To  this 
line  is  attached  the  tendinous  origin  of  the  mylo-hyoid  and,  for  its  hinder  fifths 
the  rnylo-pharyngeus.  Above  it  is  a  shallow  depression  for  the  sublingual  gland, 
between  which  and  the  teeth  is  a  rougher  surface  for  the  attachment  of  the 
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Fig.  344. — Mandible  of  old  woman  of  ninety-seven, 
showing  the  mental  foramen  on  the  upper  surface 
of  the  body  of  the  bone,  owing  to  the  complete 
abolition  of  the  alveolar  arch. 


mucous  membrane  of  the  mouth  continuous  into  the  gums  above.  Below  the 
line  is  a  depression  for  the  submaxillary  gland,  under  which  the  margin  of 
the  bone  is  smooth  and  subcutaneous,  often  grooved  for  the  facial  artery. 

Each  ramus  is  a  quadrilateral,  flat  ascending  process,  including  all  that 
portion  of  the  bone  behind  the  alveolar  arch.  The  inferior  edge  of  the  body  is 
continuous  with  that  of  the  ramus,  and  where  this  margin  ends  posteriorly  by 
turning  sharply  upwards  it  makes  the  angle  Of  the  jaw.  This  angle  is 
usually  rough,  obtuse,  and  a  little  everted,  measuring  in  the  adult  male 
about  1220.  The  hinder  edge  of  the  ramus  is  thin  and  of  very  compact 
bone;  its  lower  half  gives  attach- 
ment to  a  strong  fascial  fold, 
the  stylomandibular  ligament. 
Above  this  it  is  rounded  and 
overlapped  externally  by  a 
lobule  of  the  parotid,  finally 
expanding  into  the  articular 
Condyle.  This  margin  is 
nearly  vertical  when  the  mouth 
is  shut. 

The  outer  surface  of  the 
ramus  is  slightly  concave  below, 
owing  to  the  eversion  of  its 
lower  and  hinder  edge,  where 
it  presents  a  row  of  irregular 
tubercles  for  the  attachment 
of  the  tendinous  planes  in  the 
masseter  muscle.  The  anterior  edge  of  the  outer  surface  is  thin  and  sigmoid 
in  outline,  the  continuation  of  the  external  oblique  line. 

The  inner  surface  of  the  ramus  presents  below  a  rough  surface  at  the  angle, 
marked  by  three  or  four  oblique  irregular  lines  directed  downwards  and 
outwards  for  the  tendinous  planes  in  the  internal  pterygoid  muscle,  correspond- 
ing on  the  inner  side  to  those  for  the  attachment  of  the  masseter  on  the  outer 
surface.  Above  this  is  a  large  hole,  the  foramen  mandibulare,  for  the 
inferior  dental  nerve  and  ai'tery.  From  this  the  mandibular  canal  descends 
forwards,  becoming  horizontal  in  the  body,  in  which,  anteriorly,  it  becomes 
superficial,  communicating  with  the  mental  foramen,  and  by  a  series  of  fine 
channels  with  the  bottom  of  the  tooth  sockets.  The  walls  of  the  canal  are 
compact  at  each  end,  cancellous  intermediately. 

The  front  and  inner  edge  of  the  hole  is  a  prominent,  thin  scale  of  bone,  the 
lingula  mandibularis,  to  which  the  spheno-mandibular  ligament  is  attached. 
The  lingula  is  notched  below  and  behind,  and  from  the  notch  a  groove  extends 
downwards  for  the  mylo-hyoid  vessels  and  nerve. 

In  front  of  the  lingula  is  the  continuation  of  the  linea  obliqua  interna, 
which  becomes  less  prominent  as  it  ascends  to  the  inner  side  of  the  coronoid 
process.  Between  this  line  and  the  anterior  edge  of  the  ramus  are  two  surfaces, 
one  rough  and  triangular-  behind  the  last  molar  tooth,  covered  with  the  hind- 
most tract  of  gum.  Outside  this  is  a  narrow  concave  strip  looking  forwards  and 
inwards,  along  which  a  portion  of  the  tendon  of  the  temporal  is  attached, 
covered   by  the  mucous  membrane  of  the  hinder  part  of  the  vestibulum  oris 

The  ramus  ends  above  in  two  processes,  the  articular  condyle  behind,  the 
COronoid  process  for  the  attachment  of  the  temporal  tendon,  in  front. 
Between  these  is  a  sharp-edged  concave  sigmoid  notch  transmitting  the 
masseteric  nerve  and  arteiy. 

The   condyle   is  thick,  oblong,  irregularly   convex   above,  with    its    long 
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axis  directed  so  much  backwards  and  inwards  that  if  prolonged  it  will  meet  the 
axis  of  its  fellow,  2-3  cm.  behind  the  transverse  intercondyloid  line.  It 
averages  16  mm.  long  and  9  mm.  broad. 

Outside  the  cartilage-clad  upper  surface  is  the  external  condylar 
tubercle  for  the  attachment  of  the  external  lateral  ligament ;  internally  is  an 
inner  tubercle,  articular  above,  rough  and  excavated  below,  where  it  overhangs 
the  inner  end  of  the  pit  on  the  neck  of  the  bone  for  the  insertion  of  the  external 
■pterygoid  muscle.  The  investment  of  cartilage  passes  farther  down  on  the  back 
than  on  the  front  surface  and  ends  in  a  well-defined  line  on  all  sides. 

The  condyle  articulates  with  the  glenoid  cavity  and  with  the  articular 
eminence  of  the  temporal  bone,  and  just  touches  the  tympanic  or  modified 
quadrate  bone.  The  narrow  neck  joins  the  condyle  to  the  ramus,  but  the 
condyle  leans  so  far  inwards  that  the  least  inter-condyloid  distance  is  generally 
0-9  of  the  inter-angular  distance. 

The  coi'onoid  process  is  a  flattened  sharp  spur  for  muscular  insertion.  When 
the  jaw  is  placed  on  the  table  it  rises  slightly  above  the  level  of  the  condyle, 
and  is  a  little  everted,  with  its  point  recurved.  It  is  flat  on  its  outer  surface,  and 
marked  with  an  obscure  ridge,  continued  from  the  internal  oblique  line,  on  its 
inner  surface.  To  its  front  and  inner  part  the  temporal  muscle  is  inserted,  while 
to  the  inner  edge  of  the  ramus  below  it  the  pterygo-mandibular  fascia  and  buccina- 
tor muscle  are  attached.    Fifteen  pairs  of  muscles  are  attached  to  the  mandible. 

In  structure  the  mandible  is  dense,  resisting  decay  longer  than  any  other  bone,  and  in 
operations  it  is  hard  to  cut  with  a  bone  forceps.  Compared  with  other  bones  its  surface  is 
poorly  nourished,  except  by  the  inferior  dental  artery,  and  hence  as  it  is  exposed  to  injury 
and  sometimes  actually  uncovered  in  its  alveolar  portion,  it  often  necroses,  especially 
if  this  artery  be  affected. 

The  tooth-sockets  are  twenty-two  pits  with  ellipsoidal  mouths,  separated  from  each  other 
by  jllga  or  rough  bony  ridges  whose  sides  are  perforated  by  closely-set  minute  holes.      Each 

socket  narrows  to  its  fundus,  which 
is  rounded  and  pierced  by  a  larger 
pair  of  holes  for  the  vessels  and  nerve 
of  the  tooth. 

The  pair  of  sockets  on  each  side 

of  the  symphysis  are  the  smallest, 

and  contain  the  fangs  of  the  incisor 

teeth.     The  next  on  each  side  is  the 

/  „.■  -> ■-,..      \  widest  and  deepest,  and  receives  the 

/  SSP^Sfe    /    .       canine ;    then    follow   two    smaller, 

rounder  pits  for  the  bicuspids  ;  then 
six  hindmost,  transversely  elongated, 
bilobed  hollows  for  the  fangs  of  the 
three  molar  teeth,  two  for  each. 
The  bone  is  weakest  and  most  com- 
monly broken  opposite  the  premolar 
sockets. 

The  alveolar  arch  is  narrowest  in 
front  but  widens  posteriorly  to  its 
hinder  fifth.  In  front  the  mouths 
of  the  sockets  look  upwards  and  for- 
wards, behind  they  look  upwards  and 
inwards.  Along  the  arch  the  bone 
is  rough  for  the  attachment  of  the 
gums.  Close  to  the  outer  edge  of 
the  sockets  of  the  last  two  molars 
is  a  faint  rough  line  for  the  origin 
of  the  lowest  part  of  the  buccinator 
muscle. 

Development.  —  The  mandible  is  subject  to  many  age-changes.  One  centre  of  ossifica- 
tion begins  in  the  embryonic  tissue  around  Meckel's  cartilage  (fig.  345),  on  the  thirty-eighth 
day.  A  supplemental  patch  of  cartilage  appears  in  this  tissue  at  the  angle,  and  a  second 
at  the  condyle.  Centres  of  ossification,  condylar  and  angular,  arise  in  each  of  these  patches, 
and  a  third  in  the  median  end  of  Meckel's  cartilage;  a  fifth,  or  splenial  centre,  arises  in  the 


Fig.  345. — Head  of  sixth  month  fcetus,  showing 
Meckel's  cartilage  and  auditory  ossicles. 
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lingula.  These  ali  very  rapidly  unite,  so  that  by  the  fourteenth  week  but  one  bony  mass  is 
present  on  each  side. 

At  birth  the  jaw  consists  of  a  hollow  arch,  mainly  alveolar,  the  basal  part  (that  below  the 
oblique  lines)  being  only  a  thin  shell,  and  the  angle  is  one  of  1750.  When  the  first  dentition 
is  perfect,  about  four  years,  the  angle  has  become  1400.  With  the  second  dentition  the  body 
grows  and  the  angle  becomes  now  about  118,  and  the  body  is  half  basal  part,  half  alveolar. 

With  old  age  and  the  loss  of  teeth  the  alveolar  part  atrophies,  the  mental  foramen,  which 
was  low  down  in  the  child,  now  appears  at  the  top  of  the  body,  which  consists  only  of  the 
basal  part,  the  chin  is  thrown  forwards,  and  the  angle  increases  to  140.  The  female  jaw  has 
a  greater  angle,  a  less  prominent  chin,  and  a  weaker,  sharper  coronoid  process  than  the  male. 

133.  THE  HYOID,  a  small,  median,  U-shaped  bone  beneath  the  chin  at  the 
base  of  the  tongue,  consists  of  a  central  body  or  basihyal  and  two  pairs  of 
lateral  COmua  (fig.  346). 

The  basihyal  is  placed  transversely,  with  a  posterior  concave  surface 
directed  towards  the  top   of  the  air  passage,  and  a  convex  surface    directed 


Thyro-hyal  cornu. 


Cerato-hyal  cornu. 

A  ngle. 

Superior  muscular  area. 

Inferior  muscular  area. 


Fig.  346. — Hyoid  bone. 

forwards  and   upwards,    marked   by  a   vertical  median   line   and  a  transverse 
horizontal  ridge. 

The  greater  cornua  or  thyro-hyals  are  flattened  above,  continued  back- 
wards from  the  body  on  each  side,  and  present  a  projecting  thyPO-hyoid 
angle  and  a  posterior  rounded  extremity,  which  is  tied  to  the  thyroid  cartilage 
by  a  round  ligament.  The  lesser  cornua  or  eeratO-hyalS  are  short  conical 
processes,  which  project  upwards  and  backwards  from  the  union  of  the  body 
and  greater  cornua,  and  are  attached  by  their  tips  to  the  stylo-hyoid  ligaments. 

To  the  upper  surface  of  the  basihyal  are  attached  the  hinder  fibres  of  genio-hyo-glossus, 
genio-hyoid,  and  mylo-hyoid;  the  sterno-  and  omo-hyoid  are  attached  to  the  transverse  ridge, 
and  the  thyro-hyoidbelow  the  ridge.  The  thyro-hyoid  membrane  is  attached  to  the  posterior 
surface,  not  to  the  lower  border,  while  to  the  upper  and  back  edge  is  attached  a  mass  of 
connective  tissue,  tying  the  epiglottis  to  the  bone. 

To  the  flat  upper  surface  of  "the  thyro-hyal  cornu  is  attached  the  hyo-glossus;  to  its  lower 
surface  as  far  as  the  angle,  the  thyro-hyoid;  to  its  hinder  end  the  hyo-pharyngeus. 

To  the  cerato-hyal  is  attached  the  stylo-hyoid  muscle,  and  to  it  and  the  great  cornu  at  its 
base  is  attached  the  sheath  of  the  tendon  of  the  digastric. 

The  basihyal  begins  to  ossify  from  a  pair  of  small  centres  in  the  eighth  month.  After 
their  coalescence,  a  centre  appears  in  the  great  cornu  at  the  beginning  of  the  ninth  month, 
and  in  the  lesser  cornu  in  the  second  year.  The  great  cornu  is  joined  to  the  body  by  synchon- 
drosis until  about  thirty,  when  it  becomes  synostosed  to  the  body  ;  the  lesser  cornu  is  a 
rudimentary  process,  and  seldom  consolidates. 

The  hyoid  has  six  named  processes,  six  centres  of  ossification,  and  gives  attachment  to 
ten  pairs  of  muscles. 

134.  THE  TEMPOROMANDIBULAR  JOINT  forms  a  double  condylar- 
throsis,  wherein  the  articular  surfaces  are  dissimilar,  but  fitted  together  by  an 
intervening  interarticular  cartilage  whose  margins  are  inseparably  attached  to 
the  capsule.     The  joint  can  best  be  seen  when  the  jaw  is  divided  in  front  of 
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the  ramus,  and  the  parotid  gland  and  the  muscles  of  mastication  removed;  the 
capsule  and  its  accessory  ligaments  are  then  exposed  ;  the  latter  are  three  : — 

i.    Stylo-mandibular    ligament    (tig.   348,  9),  a  specialised  band    of 

cervical  fascia  passing  from  the  styloid  process  (ib.,  3)  near  its  apex  to  the 
hinder  edge  of  the  ramus  at  and  above  the  angle  of  the  jaw,  the  motions  of 
which  it  regulates. 

2.  Pterygomandibular  ligament,  a  band  with  rather  indeterminate 
borders,  passes  from  the  root  of  the  hamular  process  to  the  hinder  fifth  of  the 
linea  obliqua  interna,  giving  attachment  to  the  superior  constrictor  behind,  to 
the  buccinator  in  front. 

3.  Spheno-mandibular  (ib.,  8),  the  most  definite  of  the  three,  is  attached 
above  to  the  lower  surface  of  the  spine  of  the  sphenoid  and  below  to  the  lingula 


Fig.  347.  —  Outer  surface  of  left  temporo- 
mandibular joint. 


Fig.  348. — Inner  surface  of  left 
temporo-mandibular  joint. 


mandibularis.  Between  its  surface  and  the  neck  of  the  lower  jaw  pass  the 
internal  maxillary  artery,  the  inferior  dental  nerve,  and  a  lobule  of  the  parotid. 
These  three  are  all  specialised  parts  of  a  continuous  layer  of  cervical  fascia. 

The  capsular  ligament  (fig.  347,  7)  is  attached  around  the  margin  of 
the  cartilage-covered  area  of  the  glenoid  cavity  and  articular  eminence, 
extending  inwards  as  far  as  the  edge  of  the  sphenoidal  spine  and  backwards 
to  the  Glaserian  fissure.  Below,  it  is  attached  around  the  margin  of  the 
condyle  of  the  lower  jaw.  From  the  glenoid  tubercle  a  strengthened,  but 
not  separate,  band,  sometimes  called  the  external  lateral  ligament,  descends  a 
little  backwards  along  the  hinder  edge  of  the  inasseter  to  the  neck  of  the 
jaw  (ib.,  8). 

The  interartieillar  Cartilage  (fig.  349,  8)  is  an  irregular  plate  whose 
upper  surface  corresponds  to  the  articular  area  of  the  squamosal,  and  is  there- 
fore concave  in  front,  convex  behind.  Its  lower  surface  is  closely  fitted  to  the 
condyle  of  the  jaw.  It  is  clothed  with  synovial  membrane  on  each  surface, 
the  two  articular  cavities  being  generally  separate,  the  upper  much  the  larger. 
In  the  closed  mouth  the  condyle  occupies  the  glenoid  cavity,  the  cartilage 
lying  above  and  in  front  of  it,  with  the  upper  and  back  part  of  the  capsule 
relaxed.  In  opening  the  mouth  the  condyle  slides  forwards  on  the  articular 
tubercle,  carrying  the  cartilage  with  it,  making  tense  the  supra-cartilaginous 
part  of  the  capsular  ligament  behind.  This  can  be  ascertained  during  life  by 
moving  the  jaw  while  the  finger  is  placed  between  the  condyle  and  the  ear. 

The  motions  of  the  jaw  are — (i)  Rotation  around  a  transverse  axis  traversing  the  bone 
below  and  behind  the  lingula.     It  is  at  this  spot  of  least  movement  that  the  inferior  dental 
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nerve  enters  the  jaw.  This  rotation  produces  opening  and  closure  of  the  mouth,  and  the  chief 
seat  of  movement  is  the  temporo-cartilaginous  joint,  the  cartilage  with  the  condyle  moving 
forwards  on  the  temporal.  In  the  small  movement  of  the  jaw  during  ordinary  speech  the 
motion  is  usually  conlined  to  the  lower  joint,  as  is  the  motion  of  opening  the  dead  jaw  forcibly. 
(2)  The  jaw  can  be  protruded  without  opening  the  mouth,  but  with  a  depression  of  the 
angles  ;  in  this  the  motion  is  confined  to  the  upper  joint,  and  the  anterior  fibres  of  the 
niasseters  are  tense.  (3)  Ly  unilateral  protrusion  the  jaw  can  be  rotated  around  a  nearly 
vertical  axis,  the  moving  condyle  slipping  out  of  the  glenoid  cavity  on  the  articular  tubercle 
in  front. 

135.  WORMIAN  BONES. — Detached  ossicles,  known  as  Wormian  bones,  are  often  to  be 
seen  in  the  lambdoidal  suture,  and  more  rarely  in  other  sutures.  These  result  from  the 
presence  of  supernumerary  ossific  centres,  and  are  not  to  be  confounded  with  the  separate 
bones,  caused  by  want  of  union  of  the  normal  centres.  The  persistence  of  the  separation  of 
the  upper  part  of  the  supraoccipital  and  of  the  lower  part  of  the  malar  are  examples  of  the 
latter  condition,  and  are  not  Wormian  bones.  Ossicles  are  frequently  met  with  along  the 
orbital  margin,  reminding  us  of  the  multiple  suborbital  bones  in  lower  vertebrates.  The 
different  forms  of  Woraiian  bones  will  be  treated  of  along  with  other  variations.  They  are 
a  testimony  to  the  low  morphological  value  of  centres  of  ossification  in  membrane  bones. 

136.  DEVELOPMENT  OF  THE  SKULL.— In  the  foremost  part  of  the  embryo,  owing 
to  the  enormous  development  of  the  neural  canal  whose  walls  have  expanded  into  a  vast 
brain  case,  the  several  segments  of  which  the  cranium  was  originally  composed  have  under- 
gone fusion.  This  coalescence  took  place  so  far  back  in  the  history  of  vertebrates  that  little 
trace  survives  of  any  original  metameric  segmentation,  and  although  from  analogy  we  assume 
that  the  primitive  vertebrate  skull  was  polyarthrous,  yet  the  so-called  division  of  the  head 
into  vertebral  segments  is  generally  untrustworthy  and  often  fanciful. 

We  have  already  noticed  the  formation  of  the  three  brain  vesicles  (§  11).  In  the  tissue 
around   the   notochord,   on  the    floor  of  the    posterior    and    middle  vesicle,   chondritication 


Fig-  349- — Sagittal  section  through 
the  teinporo-mandibular  joint, 
showing  the  interarticular  car- 
tilage— 1,  articular  eminence;  2, 
glenoid  cavity;  3,  zygoma  ;  4,  lin- 
gula ;  5,  coronoid  process;  6, 
neck ;  7,  capsule. 


Fig.  350. — Inner  surface  of  base  of  skull  of 
fourth  month  fcetus,  showing  the  cartilage 
and  membrane  elements — a,  membranous 
supraoccipital  region  ;  b,  cartilaginous 
supraoccipital ;  d,  cartilaginous  exoccipital ; 
e,  basioccipital ;  p,  parietal;  sq,  squamous 
plate  of  temporal. 


sets  in  at  the  end  of  the  second  week,  and  an  irregular  basilar  plate  is  formed,  which  makes 
a  floor  for  these  vesicles,  but  involves  very  little  of  their  lateral  walls  and  ouly  a  narrow 
hindmost  strip  of  their  roof.  As  the  middle  portion  of  this  plate,  in  its  rapid  growth, 
encroaches  on  the  notochord,  two  dilatations  of  the  latter  appear,  possibly  comparable  with 
the  intervertebral  enlargements  in  the  spinal  column.  This  cartilage  of  the  basilar  plate  is 
on  each  side  distinguishable  into  two  parts,  a  parachordal  lying  on  each  side  of  the 
notochord  and  extending  to  the  middle  of  the  mid- vesicle,  and  a  trabeeula  or  prechordal 
portion  beginning  behind  as  a  divergent  process,  which  approaches  and  coalesces  with  its 
fellow  anteriorly. 

In  the  floor  of  this  cartilaginous  brain-case  on  each  side  perforations  for  the  cranial  nerves 
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develope  early,  indicating  linos  of  segmentation,  but  even  these  are  of  uncertain  value  from 
our  want  of  accurate;  knowledge  of  the  segmental  relations  of  the  cranial  nerves. 

The  membranous  wall  of  the  head  begins  in  the  seventh  week  to  show  traces  of  ingrowing 
partitions,  dividing  the  included  cavity  into  compartments  (fig.  351). 

Alone-  the  side  of  the  skull,  as  we  have  seen  (§  15),  a  series  of  surface-invaginations  dip 
into  the  wall  of  the  developing  skull  to  form  the  sense  capsules.  The  hindmost  of  these  are 
the  auditory  vesicles,  whose  outer  capsule  chondrifies  and  forms  an  integral  part  of  the  side 
wall  of  the  cranium.  Farther  forward  are  the  eye  capsules,  which  indent  the  skull  wall  into 
pits  called  orbits  ;  still  farther  forward  are  the  nasal  cavities,  separated  from  each  other  by 
the  anterior  extension  of  the  fused  trabecular  The  skull,  as  thus  formed,  consists  of  a 
cartilaginous  base,  with  the  sense-capsules  on  either  side  and  membranous  sides  and  roof, 
ending  in  front  in  the  frontal  and  maxillary  processes  already  described  (p.  16). 

137.  VISCERAL  SKELETON.— From  the  under  surface  of  the  basilar  plate  separate 
cartilaginous  bars  extend  ioto  the  three  upper  visceral  folds  (§  20).  That  in  the  first  joins 
its  fellow  medio-ventrally  behind  the  oral  invagination  forming  the  mandibular  arch,  that  in 
the  second  is  the  hyoid  arch,  that  in  the  third  is  imperfect  and  forms  the  thyro-hyal  cornu. 

From  the  base  of  the  first  arch  a  process  extends  forwards  and  inwards  towards  the 
middle  line  above  the  oral  invagination,  the  pterygO-quadrate  cartilage,  in  front  of  which 


Fig.  351. — Vertical  section  of  foetal  head 
in  the  eighth  week — d,  eye  ;  h,  cerebellar 
region ;  m,  mid-brain ;  n,  neck-fold  ;  0, 
ear  vesicle ;  p,  pituitary  fossa ;  t,  ten- 
torium ;  z,  thalamic  region ;  v,  cerebral 
region. 


Fig.  352. — Roof  of  foetal  skull  at  birth, 
showing  fontanelles — 1,  frontal;  2, 
parietal ;  3,  occipital  bones. 


is  a  small  separate  area  of  cartilage,  the  palatine,  which  subsequently  ossifies  into  the  palatine 
bone  behind  the  maxillary  process  on  the  nasal  floor.  The  pterygo-quadrate  ossifies  in  two 
parts,  a  pterygoid  which  ultimately  becomes  the  internal  pterygoid  plate,  and  a  degenerated 
quadrate  which  becomes  transformed  into  the  tympanic. 

The  cartilage  which  stretches  into  the  mandibular  fold  is  known  as  Meckel's  cartilage, 
and  its  proximal  or  articular  end  is  united  by  a  ligament,  the  processus  gracilis,  which 
becomes  a  fibro-cartilage,  with  the  base  of  the  hyoid  arch.  The  cartilage  of  the  basal  segment 
of  the  second  or  hyoid  arch  becomes  segmented  from  the  rest  of  the  arch  and  ossifies  from 
three  centres,  forming  the  chain  of  tympanic  ossicles,  malleus,  incus,  and  stapes,  which  can 
best  be  studied  in  connection  with  the  cavity  of  the  tympanum  (§  537).  The  rest  of  this  arch 
forms  the  styloid  process,  stylohyal  ligament,  and  basihyal.  This  system  of  arches 
constitutes  the  visceral  skeleton. 

138.  OSSIFICATION  commences  early  in  the  human  skull,  first  appearing  in  the  tissue 
of  the  mandibular  arch  around  Meckel's  cartilage  in  the  fifth  week.  Some  centres  appear  in 
the  membrane  of  the  roof  and  sides,  others  in  the  cartilage  of  the  base ;  we  have  thus  a 
historical  subdivision  of  the  bones  of  the  skull  into  those  which  have  had  a  preceding 
cartilage  stage  and  those  which  have  not.  Eighty-three  centres  in  all  appear  usrially  in  the 
human  skull,  tweuty-eight  in  the  cartilage  of  the  skull  itself,  twenty-nine  in  membrane, 
twenty-six  in  the  arches.  These,  however,  do  not  remain  separate,  but  in  the  course  of 
growth  they  coalesce  in  groups,  making  the  twenty-nine  cranial  bones  already  referred  to. 

The  elements  which  we  have  thus  seen  to  make  up  the  skull  may  be  classified  as  follows: — 

1.  Elements  Of  the  eranio-faeial  axis.— (a.)  Ossifying  in  cartilage,  basioccipital, 
basisphenoid,  presphenoid,  mesethmoid. 

(b.)  Remaining  permanently  cartilaginous.  —  Cartilaginous  septum  nasi, 
(c.)  Ossifying  in  the  membrane  iinderlying  the  caitilage. — Vomer. 
(d. )  Ossifying  in  the  membrane  over  the  cartilage. — Dorsum  ephippii. 

2.  Elements  of  the  lateral  wall  and  roof  of  skull. 


AGE-CHANGES    AND    SEX-CHARACTERS. 


247 


(a.)  Ossifying  in  cartilage. — Supraoccipital,  exoccipital,  the  various  components  of  the 
petrosal  (auditory  sense  capsule),  alisphenoid,  orbitosphenoid. 

(b.)  Ossifying  in  membrane. — Interparietal,  parietals,  squamosals,  frontals,  post-frontals 
or  pterion  ossicles,  prefrontals  or  fronto-lacrymal  ossicles. 

(c. )  Remaining  cartilaginous. — Petro-occipital  cartilage,  and  the  mass  in  the  foramen 
lacerum  anterius 

3.  Elements  of  nasal  capsules. 

(a.)  Cartilaginous. — Ethmo-turbinals,  spheno-turbinals,  inferior  turbinals. 
(b.)  Membranous  splints,  nasals. 

4.  Suborbital  membranous  splints.—  Lacrymal,  part  of  maxilla,  malar. 

5.  Skeleton  of  visceral  areh  system. 

1.  Of  first  arch — 

Ossifying  in  cartilage. — Pterygoid,  palatines,  mento-meckelian  part  of  mandible. 
Ossifying  in  membrane. — Maxilla,  malar,  ptemaxillary,  tympanic,  most  of  the  mandible. 

2.  .Second  arch — 

(a.)  Ossifying  in  cartilage. — The  malleus,  incus,  stapes,  styloid  process,  basi-  and 
cerato-hyals. 

139.  FONTANELLES.  — In  the  roof  of  the  skull  at  birth  are  six  unossified  interosseous 
spaces  called  fontanelles.  These  are  (1)  the  anterior  (fig.  352,  4),  occupying  the  bregma, 
a  lozeuge  shaped  space  to  which  four  sutures,  sagittal,  frontal,  and  the  two  halves  of  the 
coronal  concur ;  (2)  posterior  (tig.  352,  5),  smaller,  triangular,  with  three  concurrent 
sutures,  the  sagittal  in  Iront  and  the  two  halves  of  the  lambdoidal  on  each  side  ;  (3)  antero- 
lateral on  each  side,  occupying  a  small  space,  the  pterion,  between  the  frontal,  parietal, 
and  sphenoid  bones  ;  (4)  postero-lateral  iu  the  asterion  between  the  scpiamosal,  petrous, 
parietal,  and  occipital  bones.  In  the  filling  of  the  last  two  pairs  the  development  of  Wormian 
bones  is  not  uncommon. 

140.  THE  HUMAN  SKULL  is  characterised  by  (1)  its  enormous  brain  space;  (2)  its 
proportionally  small  jaw  arch  ;  (3)  its  being  supported  on  the  vertebral  column,  and  there- 
fore attached  to  the  trunk  by  a  comparatively  weak  musculature  ;  (4)  its  being  slower  of 
consolidation  than  most  other  mammalian  skulls,  but  its  elements  are  fewer  and  more 
condensed;  (5)  owing  to  the  diminished  size  of  the  nasal  fossa:  and  the  increased  width  of  the 
parietal  lobes  of  the  brain  the  orbits  are  thrown  close  together  so  as  to  be  nearly  parallel,  with 
a  diminished  interorbital  width.  Some  bones,  such  as  the  membrane  bones  roofing  the  skull, 
the  alisphenoid,  malar,  and  the  petrous,  have  undergone  increased  development ;  others,  such 
as  the  lacrymal,  ethmoid,  and  palate,  have  become  retrogressive;  and  other  elements,  such 
as  the  pterygoids,  interparietals,  and  premaxillse,  have  coalesced  with  others. 

The  skull  varies  in  shape  at  different  ages.  In  the  skull  at  birth  the  upper  part  is  dis- 
proportionally  large  when  compared  with  the  base  ;  and  while  some  bones,  like  the  lacrymal 
and  the  ear  ossicles,  are  large  and  perfect,  others  are  very  imperfectly  formed  The  face  is 
proportionally  small,  the  teeth  undeveloped  and  unossified.  The  greatest  cranial  length  is 
in  the  occipital  and  temporal  regions. 

Coincidently  with  the  first  deutition  the  face  enlarges  and  the  jaws  lengthen,  the 
fontanelles  close  and  the  zygoma  projects.  The  temporal  region  elongates  at  the  expense 
of  the  occipital.  The  second  dentition  is  attended  with  still  more  marked  changes  and  the 
completion  of  ossification  and  the  attainment  of  the  adult  shape  and  size.  The  skull  grows 
little  in  capacity  after  thirteen,  indeed  its  rate  of  growth  from  seven  to  thirteen  is  slow  in 
comparison  with  that  from  birth  to  seven  years.  In  the  later  years  of  growth  the  muscular 
oi-ests  develope  and  the  air  passages  and  air  cells  expand,  and  the  frontal  region  elongates. 

In  old  age  the  skull  undergoes  atrophy,  the  air  cells  enlarge  as  the  inner  table  follows  the 
shrinking  brain,  the  jaws  become  edentulous,  the  upper  retreats,  and  the  chin  becomes 
prominent. 

The  child's  head  is  more  perfectly  balanced  on  the  vertebral  column  than  that  of  the 
adolescent  after  the  second  dentition,  as  the  facial  region  then  grows  considerably  in  weight. 
In  the  old  man,  from  the  bowing  of  the  vertebral  axis  the  head  is  thrown  backwards.  At 
different  ages  these  gravitation  changes  produce  effects  on  the  plane  of  the  occipital  condyles. 

The  male  skull  is  larger,  heavier,  more  ridged,  than  the  female,  with  more  prominent 
mastoid  processes,  occipital  protuberance,  zygomatic  and  superciliary  ridges,  and  a  larger 
capacity  (n  :  10),  especially  in  the  frontal  and  occipital  regions.  The  female  skull  preserves 
a  look  of  immaturity,  and  such  characters  of  immaturity  as  the  preponderance  of  temporal 
length  over  frontal,  the  prominence  of  the  parietal  tubera  and  the  concomitant  narrowness  of 
base. 

The  following  measurements  are  of  importance  in  determining  the  racial  and  other 
characters  of  skulls  : — 

1.  Maximum  length  from  glabella  (p.  218)  to  the  most  prominent  point  of  the  occiput  : 
this  averages  in  the  male,  19 '6  cm.  ;  iu  the  female,  183  cm. 

2.  Length  of  brain  case  from  the  ophryon  (or  middle  of  the  line  drawn  across  the  fore- 
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head  between  the  most  closely  approximated  points  of  the  temporal  crest)  to  the  most 
prominent  occipital  point.  This  dilfers  from  the  other  in  being  above  the  frontal  sinus,  and 
consequently  gives  only  the  length  of  the  brain-case  uncomplicated  by  the  variable  factor  of 
the  size  of  the  sinuses. 

3.  Maximum  breadth  from  the  most  prominent  point  of  one  parietal  to  the  other. 

4.  Height  from  basion  or  anterior  lip  of  foramen  magnum  to  the  bregma. 

5.  Basiuasal  length  from  basion  to  nasion  (p.  193). 

6.  Basialveolar  leugth  from  the  basion  to  the  mid-point  of  the  maxillary  alveoli. 

7.  Greatest  horizontal  circumference  taken  round  the  glabella  and  the  most  prominent 
part  of  the  occiput ;  this  averages  52  cm. 

The  comparison  of  different  skulls  is  most  effectively  made  by  reducing  absolute  to  relative 
measurement ;  thus  we  can  describe  the  breadth  of  a  skull  in  terms  of  its  length,  by  the 

formula   ; '-, .     The  result  is  called  the  cephalic,  index. -. -. gives  the 

length  length         ° 

a/titudinal  index.     Where  the  cephalic  index  is  below  75  the  skull  is  called  dolichocephalic, 

when  above  80  it  is  called  br  achy  cephalic,  when  between  these  limits  it  is  called  mesati- 

cephalic.      The    degree   of    prominence    of    the    jaws    is    measured    by   an    alveolar    index 

basialveolar  x   100       TT     .   ,.  r  .    , .  ,   ,        .      ,    .  .    .    , 

-^ — : — z— .      Variations   m   form   of   the   nose   are   determined    by  a  nasal   index 

basiuasal  length 

greatest  nasal  width  x  100     ...  ,    .  ,.  ■,         ,  .  .  ,   ,  .  , 

— =-tj — —       —  =  the  length  being  the  distance  between  the  nasion  and  the  horizontal 

nasal  length  ° 

line  drawn  along  the  lowest  border  of  the  pyriform  aperture.     Variations  in  orbital  shape  are 

1  1  i  ..   1   •    n      orbital  height  x   100      ..TT1        .,       ,--..,.,        ,.  _ 

shown   by  an  orbital  index  -    — .  .,    °   . .-. .      When  the  alveolar  index  is  less  than  98, 

J  orbital  width 

the  skull  is  orthognathic,  when  more  than  103,  prognathic,  when  intermediate  it  is  mesog- 

nathic.     If  the  nasal  index  exceed  53  the  nose  is  platyrhine,  if  it  fall  short  of  48  it  is 

leptorhine,  if  between  these  numbers  it  is  mesorhine.     Similarly  an  orbital  index  above  89  is 

called  megaseme,  one  under  84  is  microseme,  one  between  is  mesoseme. 

The  cranial  capacity  is  best  determined  by  carefully  filling  the  skull  through  the  foramen 
magnum  with  No.  8  shot,  using  a  funnel  and  a  tapering  rammer  to  ensure  filling  of  the  whole 
cavity  ;  leakage  through  the  foramina  being  prevented  by  plugging  them  with  cotton  wool, 
then  the  shot  is  emptied  into  a  graduated  measure.  A  skull  whose  capacity  exceeds  1,450  c.cm. 
is  megacephalic,  one  under  1,350  c.cm.  is  microcephalic,  and  one  intermediate  is  mesocephalic. 
The  weight  of  the  brain  in  grammes  may  be  approximately  obtained  by  multiplying  the  capacity 
in  c.cms.  by  o'87.  The  average  capacity  of  the  European  male  skull  is  1.570  c.cm.,  that  of 
the  European  female,  1,378  c.cm.  The  maximum  and  minimum  frontal  diameters,  the 
occipital  and  bi-auricular  diameters,  the  bizygomatic  and  inter-orbital  diameters,  and  the  facial 
height  are  also  measurements  of  importance. 

The  average  of  the  threefold  circumference  is  usually  correlated,  though  not  very  definitely, 
with  capacity  — a  skull  of  a  capacity  of  1,560  c.cm.  has  a  horizontal  circumference  of  about 
524  mm.,  a  vertical  circumference  of  504,  and  a  transverse  of  452,  making  an  average  of  493  ; 
while  one  of  a  capacity  of  1,179  has  the  same  three  measurements,  491,  483,  400,  average  458. 

The  study  of  other  measurements  and  of  those  of  different  races  will  be  discussed  subse- 
quently in  connection  with  the  variations  in  structure. 
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141.  The  body,  having  been  turned  with  its  ventral  side  downwards,  should  be  raised  by 
placing  a  block  under  the  thorax,  and  aD other  under  the  loins  ;  the  head  should  then  be  bent 
downwards  so  as  to  make  tense  the  structures  on  the  back  of  the  ueck,  and  the  arm  is  to  be 
drawn  outwards  from  the  side. 

Surface  Markings. — The  spinous  processes  of  the  vertebra?  are  palpable  through  the 
skin  in  the  middle  line,  projecting  most  prominently  at  the  nape  ;  but  from  this  region 
downwards  to  the  sacrum  they  are  sunk  into  a 
furrow,  on  each  side  of  which  the  deep  longi-  "c-  m0- 
tudinal musclesformarounded projection.  The 
spine  of  the  scapula  can  be  felt  on  the  level  of 
the  fourth  dorsal  spine,  ascending  outwards  to 
the  point  of  the  shoulder,  and  the  inferior 
angle  of  the  scapula  is  on  the  level  of  the 
seventh  dorsal  spine.  The  vertebral  spines 
become  more  conspicuous  on  flexion  of  the 
column.  I 

The  area  of  the  back  is  isolated 
laterally  by  a  vertical  line  drawn  from 
the  hinder  fold  of  the  axilla  to  the  iliac 
crest,  and  is  divided  into  nine  regions, 
one  median,   the  interscapular,   and 

four  on  each  side;  superior  scapular 

above  the  spine  of  the  scapula,  in- 
ferior scapular  below  the  spine,  and 
above  the  plane  of  the  inferior  angle  ; 
infrascapular  between  the  last  and 
the  level  of  the  eleventh  rib ;  pos- 
terior lumbar  between  the  infra- 
scapular  and  the  iliac  crest. 

Integument. — The  epidermis  on  the  back 
is  thin,  averaging  C15  mm.  in  thickness,  and 
beset  with  very  fine  short  hairs,  directed 
downwards  and  inwards,  averaging  16  to  the 
square  cm.  The  corium  has  a  thin  stratum 
papiUare,  beset  with  few  irregular  papillae, 
and  so  low  in  sensibility  that  the  points  of 
the  ffisthesiometer  must  be  separated  4*5  cm. 
on  the  loins  and  6  cm.  on  the  shoulders  before 
a  double  impression  is  produced.  The  sweat 
glands  are  sparse,  73  to  the  square  cm.  above, 
95  below,  those  of  the  loins  being  of  large 
size.  The  sebaceous  glands  are  large  in  the 
superior  scapular  region  and  liable  to  acnous 
inflammation. 

The  stratum  reticulare  is  unusually  thick 
and  merges  into  a  dense  superficial  fascia  of 
great  toughness  and  low  vascularity,  which 
becomes  hypostatically  congested  and  dis- 
coloured when  the  body  lies  long  on  its  back, 
and  as  it  is  occasionally  the  seat  of  carbuncle 
is  sometimes  called  the  "  carbuncular  tissue." 
It  is  less  adipose,  more  loosely  meshed,  and  often  gelatinous  in  appearance  in  the  lumbar 
region,  and  is  attached  to  the  supraspinous  ligaments  along  its  entire  extent. 


Ext.  1. 
Lumb. 
Petit. 


Fig-  353.— Muscles  of  the  first  layer  of  the 
back,  with  the  superficial  nerves. 
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Dissection.— Make  a  longitudinal  median  incision  from  occiput  to  sacrum,  and  two 
transverse  incisions,  one  from  the  acromion  and  the  other  from  the  crest  of  the  ilium  inwards 
to  the  middle  line.  Reflect  the  skin  outwards  in  two  flaps,  avoiding  the  cutaneous  nerves 
which  in  the  upper  half  of  the  region  become  superficial  at  the  sides  of  the  spinous  processes. 
Each  of  these  nerves  should  be  fully  exposed  by  the  removal  of  the  surrounding  tissue. 
These  are  the  internal  branches  of  the  posterior  spinal  nerves  (p.  58,  fig.  104),  the  first  and 
largest  of  which,  derived  from  the  second  cervical  nerve,  emerges  on  a  level  external  to  the 
rest,  but  should  not  be  followed  as  yet.  The  second  of  these  nerves,  from  the  third  cervical 
nerve,  ascends  vertically  from  the  level  of  the  third  cervical  spine.  The  next  pair  are  much 
smaller,  and  ascend  obliquely  outwards  from  the  fourth  and  fifth  cervical  nerves.  Still  lower, 
at  the  first  dorsal  spine,  is  the  fifth  of  these  cutaneous  branches  arising  from  the  first  dorsal 
nerve,  below  which  are  five  branches  from  the  second,  third,  fourth,  fifth,  and  sixth  dorsal 
nerves,  whereof  the  first  pair,  from  the  second  and  third,  are  the  largest  and  can  be  traced 
outwards  across  the  scapula.  Internal  cutaneous  branches  are  seldom  demonstrable  from  the 
three  lowest  cervical  nerves. 

Below  the  angle  of  the  scapula,  and  internal  to  a  vertical  line  prolonged  downwards  from 
this  point,  a  second  set  of  nine  cutaneous  nerves  appear,  derived  from  the  external  branches 
of  the  six  lower  dorsal  and  three  upper  lumbar  posterior  spinal  nerves.  The  former  emerge 
near  the  angles  of  the  respective  ribs ;  the  latter  descend,  ramifying  over  the  hinder  third  of 
the  iliac  crest.  Two  small  cutaneous  branches  of  the  posterior  sacral  nerves  pierce  the  fascia 
behind  the  sacrum.  The  dorsal  area  of  skin,  as  above  circumscribed,  is  supplied  by  these 
dorsal  nerves. 

Patches  of  very  loose  tissue,  sometimes  becoming  bursas,  are  met  with  over  the  spine  of 
the  seventh  cervical  vertebra  (bursa  nuehalis),  and  over  the  sacrum  (bUPSa  saCPalis). 

Remove  the  superficial  fascia  and  the  subjacent  areolar  tissue  which  forms  the  sheath  of 
the  trapezius  muscles. 

142.  DORSAL  MUSCLES.— The  muscles  of  the  back  are  divisible  into  the 
following  series  :  — 

A.  Dorsal  extensions  derived  from  the  ventral  muscle  of  the  somatopleure. 

First  layer,  spino-appendicular  =  Trapezius,  Latissimus  dorsi. 

Second  layer,  spino-scapular  =  Hhomboideus. 

Third  layer,  spino-costal  =  Serrati. 

B.  Dorsal  muscles  — 

i  longitudinal  external  =  Iliocostalis,  Splenius. 

Fourth  layer,  <  longitudinal  medial  =  Longissimus. 

(  longitudinal  internal  =  Spinalis. 

Tt-n,  1    t  i  Ions-  transverso-spinals  =  Semispinalis. 

Fifth  layer,       <      .?,,     ,  r      .      ,  %rwj:i 

{  middle  transverso-spinals  =  MuLtijidus. 

(  short  transverso-spinals  =  Rolatores. 

Sixth  layer,      -J  short  vertical  muscles  =  Inter spinales,  Inter- 

|  transversales. 

FIRST    LAYEE. 

143.  TRAPEZIUS  (tig.  353)  arises  (a)  by  short  tendinous  fibres  from  the 
spines  and  supraspinous  ligaments  of  the  ten  lower  dorsal  vertebras ;  (b)  by 
a  glistening  semi-oval  aponeurosis,  speculum  rhcmboideum  (ib.,  Sp.),  from 
the  spines  of  the  two  upper  dorsal  and  last  cervical  vertebras,  and  from  the 
lower  half  of  the  ligamentum  nuchas ;  and  (c)  by  short  tendinous  fibres  from 
the  upper  half  of  that  ligament,  as  well  as  by  an  areolar  expansion  from  a 
variable  extent  of  the  inner  third  of  the  upper  nuchal  line  of  the  occipital 
bone.  From  this  continuous  vertical  origin  the  fibres  converge  to  an  angular 
line  of  insertion,  in  a  nearly  transverse  plane,  into  the  upper  edge  of  the  outer 
third  of  the  clavicle,  and  into  the  upper  edge  and  adjoining  surface  of  the 
acromion  and  spine  of  the  scapula  as  far  as  the  tubercle  of  the  spine  (p.  135). 

The  clavicular  part  which  arises  above  the  nuchal  aponeurosis  is  a  skew  quadrilateral, 
whose  planes  of  origin  and  insertion  intersect  at  an  angle  of  8o°.  The  supraspinous  part 
arising  from  the  aponeurosis  is  a  rhomboidal  muscle  (<p  =  20°),  and  the  dorsal  part  is 
triangular  with  the  apex  at  the  tendon  of  insertion  which  glides  over  the  basal  triangle  of  the 
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spine  of  the  scapula,  and  is  inserted  into  the  tuberculum  spina?.  Over  the  basal  triangle  is  a 
layer  of  loose  connective  tissue,  rarely  a  bursa. 

The  trapezius  covers  the  deeper  muscles  of  the  back,  the  svpraspinatus,  part  of  the 
infraspinatus  and  latissimus  dorsi.  It  is  superficial  throughout.  The  lowest  fibres  ascend  at 
an  angle  of  30°.     Its  fascicles  vary  from  10  to  15  cm.  in  length. 

Morphologically  the  trapezius  is  one  of  the  visceral  striped  muscles  developed  from  the  tissue 
at  the  base  of  the  somatopleure  and  displaced  outward  to  act  on  the  shoulder-girdle  (see  §  409). 

At  its  cervical  border  directly  above  the  superior  angle  of  the  scapula,  it 
receives  the  spinal  accessory  nerve  which  unites  with  branches  of  the  third 
and  fourth  cervical  nerves,  and  passes  backw-ards  and  downwards  beneath  the 
muscle  to  supply  it.  Its  nutrient  arteries  are  the  superficialis  colli  and  the 
minute  dorsal  branches  of  the  intercostal s.  The  whole  muscle  can  retract  the 
scapula,  and  rotate  it  on  a  sagittal  axis,  raising  the  shoulder  (§  487). 

Dissection.  —Divide  the  trapezius  by  an  incision  from  the  middle  of  its  cervical  edge 
above  the  spinal  accessory  nerve  to  the  middle  of  its  lower  edge.  Reflect  it,  taking  care  to 
preserve  and  clean  the  branches  of  the  superficialis  colli  artery,  and  the  nerves  on  its  deep 
surface. 

144.  LATISSIMUS  DORSI  (fig.  353),  well  named,  arises  (a)  from  the  lower 
six  dorsal  spines  and  supraspinous  ligaments,  (b)  from  the  outer  and  back  part 
of  the  lumbar  fascia,  (c)  from 
one-fifth  of  the  outer  lip  of 
the  iliac  crest  in  front  of  the 
posterior  gluteal  line,  and  (cl) 
from  the  lowest  three  I'ibs. 
The  fibres  ascend  converging, 
and,  being  applied  first  to 
the  hinder,  then  to  the  in- 
ferior, and  finally  to  the  an- 
terior surface  of  the  teres 
major,  form  with  it  the  pos- 
terior fold  of  the  axilla.  It 
ends  in  a  flat  tendon  about 
3 "5  cm.  broad,  which  is  in- 
serted into  the  floor  of  the 
bicipital  groove  in  front  and 
above  the  teres  major  from 
which  it  is  separated  by  a 
bursa  (fig.  354,  cl);  although 
the  tendons  are  often  mar- 
ginally connected.  Its  fibres 
twist  on  themselves,  the  lowest  becoming  uppermost  and  vice  versd,  so  that 
the  front  of  the  tendon  is  continuous  with  the  back  surface  of  the  muscle. 

The  extreme  fibres  of  this  triangle  form  with  each  other  an  angle  of  650  (500  in  the  sixth 
month  fcetus).  The  fascicles  are  not  very  different  iu  length  at  its  different  parts,  but  the 
upper  which  cross  (and  rarely  receive  a  slip  from)  the  angle  of  the  scapula,  are  slightly  the 
shortest.  When  the  front  edge  of  this  muscle  does  not  overlap  the  external  oblique  below,  a 
small  triangle  (Petit's)  intervenes,  bounded  below  by  the  crest  of  the  ilium,  and  floored  by 
the  internal  oblique  muscle  of  the  abdomen.  This  space  almost  always  exists  in  adult  females, 
in  about  32  per  cent,  of  adult  males  :  it  first  appears  about  twelve  years  of  age,  before  which 
time  the  latissimus  oveidaps  the  external  oblique  (fig.  353). 

This  muscle  is  superficial,  except  at  the  upper  part  of  its  origin  where  the  trapezius  covers 
it,  and  at  its  insertion  in  the  axilla  where  the  brachial  vessels  and  nerves  cross  it.  Behind 
the  scapula  and  between  this  muscle  and  the  trapezius,  is  a  small  post-scapular  triangle, 
wherein  the  rhomboid  muscle  appears,  and  when  the  scapula  is  drawn  forwards  a  small  area 
of  the  sixth  and  seventh  ribs  and  the  sixth  interspace  become  subcutaneous.  The  latissimus 
lies  on  the  rhomboid,  teres  major,  inferior  serratus,  and  external  intercostal  muscles  and  on 
the  ribs. 
.    Crossing  the  tendon  at  its  insertion  are  vertical  fibres  of  the  internal  intermuscular 


Fig.  354. — Insertion  of  latissimus  dorsi. 
(For  other  references,  see  g  425). 
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septum  of  the  arm  which  are  continued  upwards  to  the  shoulder  capsule  (fig.  387).  In  early 
foetal  life  the  uppermost  fibres  are  attached  to  the  areolar  sheath  of  the  vessels,  and  some  of 
the  lowermost  to  the  long  head  of  the  triceps.  These  connections  usually  atrophy,  but  may 
persist,  forming  in  the  one  case  a  muscular  band,  one  form  of  the  dorsi-axillaris,  crossing 
the  axillary  vessels  (fig.  371,  n),  in  the  other  a  rudimental  dorsi-epitrochlearis  muscle. 

Its  nerve,  the  long  subscapular,  derived  from  the  fifth  cervical,  enters  it 
with  a  branch  of  the  subscapular  artery  on  its  axillary  side  on  the  level  of  the 
fourth  rib.  This  muscle  adducts,  retracts,  and  rotates  inwards  the  arm,  acting 
along  a  line  joining  the  fourth  lumbar  spine  to  the  mid-point  of  its  insertion. 

Dissection. — Divide  the  latissimus  dorsi  by  an  oblique  incision  carried  downwards  and 
forwards  from  the  inferior  angle  of  the  scapula  to  the  middle  of  the  anterior  inferior  edge  of 
the  muscle.  The  parts  covered  by  these  two  muscles  of  the  first  sheet  are  now  exposed. 
The  teres  major,  to  be  subsequently  examined,  is  a  deeper  segmentation  of  this  muscle  (p.  284). 


SECOND  LAYER. 

145.  RHOMBOIDEUS  underlies  the  dorsal  portion  of  trapezius,  appearing 
for  a  small  extent  in  the  post-scapular  triangle,  especially  when  the  arm  is 
raised.     It  arises  from  the  supraspinous  ligaments  and  spines  of  the  seventh 
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cervical  and  four  upper  dorsal  vertebrae ;  and  is  inserted  (a)  into  the  hinder 
margin  of  the  scapula  opposite  and  a  little  below  the  spine  (b)  into  the  lower 
fourth  of  this  margin,  and  (c)  into  a  flat  tendinous  sling  from  the  upper  to  the 
lower  bony  attachment,  more  or  less  united  to  the  infraspiuous  fascia  and 
hinder  border  of  the  bone.     The  slip  from  the  two  upper  vertebrae  is  generally 
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separable   and   named    rhomboideuS    minor,   the   rest   being   called    rhom- 

boideus  major. 

Its  nerve,  from  the  fifth  cervical,  emerges  at  the  back  of  the  middle  scalene 
muscle,  passes  under  the  levator  anguli  scapulae  and  enters  the  upper  border 
and  anterior  surface  of  the  muscle  at  its  outer  third. 

The  fibres  descend  at  an  angle  of  350  and  the  muscle  acts  along  a  resultant,  whose 
direction  is  from  the  lowest  point  of  quadrisection  of  the  scapular  border  to  the  third 
dorsal  spine. 

The  rhomboid  is  a  deep  delamination  of  the  trapezius,  and  primarily  arose  from  the  dorsal 
aponeurosis  whereof  its  tendon  is  a  derivative.  In  the  fifth  month  foetus  this  fascial  origin 
extends  downwards  as  far  as  the  level  of  the  sixth  dorsal.  The  rhomboid  overlies  the 
serratus  posticus  superior,  posterior  scapular  artery,  deeper  spinal  muscles  and  rib-angles. 

Dissection. — Divide  the  rhomboid  5  cm.  from  its  insertion  and  reflect  it,  noting  the 
course  of  its  nerve,  and  cleaning  the  posterior  scapular  artery  which  is  now  exposed. 

146.  LEVATOR  ANGULI  SCAPULA  (fig.  358,  20),  although  not  be- 
longing to  the  system  of  dorsal  muscles,  is  now  most  conveniently  dissected. 
It  arises  from  the  four  upper  cervical  transverse  processes  by  slips,  of  which 
the  first  and  second  are  the  largest,  and  are  tendinous  at  their  origin.  These, 
coalescing,  form  a  prismatic  muscle  which  descends  a  little  backwards  to  be  in- 
serted into  the  hinder  margin  of  the  scapula  (fig.  355),  from  the  superior  angle 
to  the  root  of  the  spine.  It  is  innervated  by  branches  from  the  third  and  fourth 
cervical  nerves,  and  has  the  cervical  plexus  and  scaleni  muscles  on  its  front 
surface,  but  as  these  cannot  be  seen  in  the  present  dissection,  it  should  not 
yet  be  divided. 

The  superficial  cervical  artery  passes  over  it  to  sink  under  the  edge  of  the  trapezius,  and 
is  distributed  to  both  muscles  and  to  the  neighbouring  lymphatic  glands.  The  posterior 
scapular  artery  (fig.  374)  lies  under  the  levator  and  turns  downward  along  the  hinder  margin 
of  the  scapula  towards  its  inferior  angle,  supplying  branches  to  all  the  surrounding  structures. 
(For  these  arteries,  see  §§  162  and  425.) 

Dissection. — Draw  the  scapula  from  the  side  and  clean  off  the  tough  connective  tissue, 
rich  in  elastic  fibres,  poor  in  vessels,  which  connects  the  deep  surface  of  the  serratus  magnus 
muscle  to  the  side  wall  of  the  thorax.  It  can  be  seen  in  this  dissection  that  the  levator 
anguli  and  serratus  magnus  are  dismemberments  of  the  same  great  lateral  lamella,  whose 
relations  can  be  better  studied  from  the  front. 

THIRD  LAYER. 

147.  SERRATUS  POSTICUS  SUPERIOR  (fig.  356)  arises  b7  a  tendon, 
which  is  a  specialised  part  of  the  dorsal  aponeurosis,  from  the  ligamentum 
nucha?  and  from  the  seventh  cervical  and  two  upper  dorsal  spines.  The  upper 
part  of  the  tendon  appears  above  the  rhomboideus  which  covers  most  of  the 
fleshy  part.  The  fibres  are  inserted  by  four  slips  into  the  posterior  and  outer 
surfaces  of  the  second,  third,  fourth,  and  fifth  ribs  external  to  their  angles. 
Its  nerves,  which  are  fine  filaments  from  the  second  and  third  intercostals, 
pierce  the  muscle  on  its  deep  surface  together  with  small  branches  from  the 
intercostal  arteries.     It  raises  the  ribs. 

Its  fascicles  average  3  cm.  in  length  and  descend  at  an  angle  of  500. 

SerratllS  posticus  inferior,  larger  but  less  defined  than  the  superior, 
beneath  and  connected  to  the  latissimus  dorsi,  arises  from  the  lumbar  fascia 
opposite  the  two  lower  dorsal  and  two  upper  lumbar  spines,  and  ascending  out- 
wards at  an  angle  of  300  is  inserted  fleshily  into  the  four  or  five  lower  ribs  which 
it  depresses,  so  enlarging  the  thorax  downwards,  and  fixing  the  lower  ribs  for  the 
action  of  the  diaphragm.    Its  nerves  are  from  the  tenth  and  eleventh  intercostals. 

The  serrati  postici  are  the  remnants  of  a  supracostal  muscle,  the  deepest 
stratum  of  the  displaced  ventral  lamella.  The  intervening  part  between  the 
upper  and  lower  has  degenerated  into  an  areolar  expansion  attached  to  the 
septum  between  the  dorsal  and  ventral  muscles. 


254 


ERECTOR    SPIN/E. 


148.  LUMBAR  FASCIA.^On  removing  these  muscles  the  lumbar 
fascia,  with  its  weaker  dorsal  extension,  is  brought  into  view.  This  struc- 
ture is  the  fascial  investment  of  the  mass  of  dorsal  muscles  overflowed  by  those 
displaced  portions  of  the  ventral  system  of  muscles  just  described,  which  the 
scapula  has  carried  backwards  with  it.  Above,  the  dorsal  fascia  becomes  lost 
in  the  sheaths  of  the  several  muscles,  parts  of  it  being  specialised  as  the  tendons 
of  the  rhomboideus  and  serrati  postici,  beneath  which  it  is  continued  upwards  into 

the  neck.  Below  the  serratus 
inferior  it  becomes  the  thick  and 
strong  lumbar  fascia,  which  con- 
sists of  two  layers  of  transverse 
white  fibres  with  an  intermediate 
vertical  layer,  and  is  attached 
internally  to  the  vertebral  spines, 
externally  to  the  last  two  ribs, 
and  below  these,  to  the  margin 
of  the  lateral  intermuscular 
septum  as  far  as  the  hinder  third 
of  the  iliac  crest,  to  which,  and 
to  the  sacrum  below,  it  is  also 
attached.  This  strong  fascia  foi'ms 
a  natural  girding  of  the  loins,  and 
gives  attachment  by  part  of  its 
deep  surface  to  the  muscles  it 
covers,  from  which  it  is  separated 
above  bv  lax  areolar  tissue. 
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row  of  nerves  aud  vessels. 
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the  great  muscular  column  in  the 
loins  which  arises  by  very  short 
tendinous  fibres  from  the  inner 
part  of  the  tuberosity  of  the  ilium 
and  from  the  hinder  fifth  of  the 
iliac  crest,  from  the  sacro-iliac 
ligaments,  and  from  the  backs  of 
the  arches  and  costal  processes 
of  the  lumbar  vertebi-se,  as  well 
as  by  a  strong  superficial  tendon 
from  the  spinous  processes  of  the 
Fig.  357. — Erector  spina?  and  its  derivatives.  sacral,    lumbar,    and    lower    two 

dorsal  vertebra?.  At  the  level  of 
the  last  rib  this  mass  becomes  divisible  into  three  ascending  parts — that  which 
lies  closest  to  the  spinous  processes  is  the  spinalis  dorsi  ;  the  intermediate  part 
is  longissimus;  the  outer  ilio-costalis.  The  last  portion  is  separated  from  the 
longissimus  by  the  outer  branches  of  the  posterior  spinal  nerves  and  their 
accompanying  vessels  which  become  superficial  along  this  line. 

(A)  Ilio-costalis  consists  (1)  of  the  iliac  and  lumbo-costal  fascicles  of  the 
erector,  which  ascend  on  the  backs  of  the  ribs  inclining  a  little  outwards,  and 
giving  off  along  its  outer  border  a  series  of  nine   tendous,  which  are  inserted 
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into  the  angles  of  the  nine  lower  ribs;  (2)  by  drawing  this  portion  of  the 
muscle  outwards  from  the  longissimus  a  second  part  is  exposed,  consisting  of 
shorter  fascicles,  which  arise  by  flat  tendons  fromthe  upper  edges  of  the  lower 
ten  ribs  internal  to  their  angles. 
These  accessory  fascicles  ascend 
and  are  inserted — the  three  lowest 
into  the  three  highest  tendons  of 
the  first  part  of  the  muscle,  the 
three  succeeding  into  the  angles 
of  the  three  upper  ribs,  continuing 
the  series,  and  the  four  uppermost 
into  the  transverse  processes  of  the 
fourth,  fifth,  and  six  cervical  verte- 
brae. The  first  part  of  this  muscle 
is  sometimes  called  ilio-costalis  lum- 
balis  (sacro-lumbalis),  the  lower 
six  slips  of  the  second  part  are  some- 
times artificially  separated  as  ilio- 
costalis  dorsalis  (milSCUli  ac- 
eessorii),  and  the  upper  four  lips 
are  called  ilio-costalis.  cervicalis  (ceP- 

vicalis  ascendens). 

The  upper  cervical  portion  of  this 
series  of  muscles  has  undergone  much 
specialisation  and  displacement,  and 
through  its  investing  fascia  has  gained  an 
extensive  origin  from  spinous  processes, 
appearing  superficially  in  the  neck  under 
the  serratus  superior,  as  the  muscle  next 
to  be  described. 

(B)  Splenius.  —  Thin  and 
pointed  below,  arises  tendinously 
from  the  last  cervical  and  six  upper 
doi'sal  spines,  and  from  the  lower 
two-thirds  of  the  ligamentum  n  uchse. 
The  fascicles  ascend  outwards  as 
a  continuous  sheet  which  divides 
above  into  two  portions,  the  lower 
of  which  (splenius  COlli)  is  in- 
serted into  the  two  uppermost  cer- 
vical transverse  processes,  and  the 
upper  (splenius  capitis)  is  in- 
serted into  the  lower  and  back 
part  of  the  mastoid  process  and 
the  contiguous  splenial  area  below 
the  upper  nuchal  line  of  the  occiput, 
under  cover  of  the  trapezius  and 
stemo-cleido  mastoid  muscles. 


Fi>?-  358-  —  Third,  fourth,  and  fifth  layer  of 
muscles  of  the  back — 1,  splenius  capitis  ;  2,  3, 
com  plexus ;  4,  longissimus  capitis ;  5,  ilio- 
costalis  cervicalis;  6,  longissimus  colli;  7,  semi- 
spinals ;  8,  15,  external  intercostal;  9,  longis- 
simus dorsi ;  10,  11,  ilio-costalis;  13,  ij, 
multifidus  spina?;  16,  levator  costas  ;  19,  ser- 
ratus  posticus  superior ;  20,  serratus  inferior ; 
21,  splenius  colli. 


As  the  splenii  of  opposite  sides  diverge 
above  from  the  ligamentum  nucha;  at  an 
angle  of  8o°,  they  leave  between  them  an 

intersplenial   triangle,    wherein   the  complexus   muscle,    the   occipital   artery  and  the 
greater,  and  part  of  the  lesser,  occipital  nerves  appear. 

The  splenhis  is  supplied   by  branches  from  the  external  divisions  of  the 
second,  third,  and  fourth  posterior  cervical  nerves.     Branches  from   the  same 
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series  below  supply  the  ilio-costalis,   each  fascicle  of  which  has  generally  a  twig 
from  the  nerve  of  the  segment  below  that  into  which  it  is  inserted. 

The  two  splenii  conjointly  retract,  each  muscle  separately  rotates,  the  head, 
turning  the  face  towards  its  own  side. 

Not  uncommonly  a  vagrant  slip  of  muscle  developes  on  the  wrong  side  of  the  serratus 
superior,  forming  an  independent  rhombo-atloid  muscle. 

As  all  these  muscles  are  displaced  from  their  primitive  positions,  the  number  of  vertebral 
attachments  is  of  little  metameric  significance,  and  although  most  commonly  they  are  as 
above  assigned,  yet  they  may  vary  by  excess  or  deficiency. 

Dissection. — Divide  the  splenitis  along  its  vertebral  origin,  and  reflect  it  outwards. 

(C)  Longissimus  dorsi  (fig.  359,  3),  the 

largest  of  the  ascending  continuations  of  the 
erector  spina?,  is  inserted  by  twelve  rounded 
tendons  into  the  transverse  processes  of  all 
the  dorsal  vertebra?.  Externally  it  is  attached 
by  ten  fleshy   slips  to   the    lower  borders  of 
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Fig.  359- — Muscles  of  fourth  layer  of  nucha. 


Fig.  360.— Muscles  of  the  fifth  layer. 


the  eight  inferior  ribs  between  their  tubercles  and  angles,  and  into  the 
lower  border  of  the  costal  process  of  the  first  and  second  lumbar  vertebra? 
extending  outwards  into  the  dorso-lumbar  fascia.  An  accessory  portion 
ai-ises  from  the  transverse  processes  of  the  upper  five  dorsal  and  from 
the  tuberosities  of  the   lower  two   cervical    vertebra?,   and,  dividing   into  two> 
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parts,  is  inserted  by  its  outer  portion  (longlSSimus  eervicis  or  trans- 
versalis  colli — ib.,  4),  into  the  transverse  processes  of  the  second  to  the  sixth 
cervical  vertebras,  and  by  its  inner  (longlssimus  capitis  or  trachelo-mastoid 
— ib.,  5,  6)  into  the  mastoid  process  under  cover  of  the  splenitis  capitis.  A 
tendinous  intersection  crosses  this  last  portion  of  the  muscle  obliquely,  opposite 
the  fourth  cervical  spine. 

(D)  Spinalis  dorsi  consists  of  that  superficial  portion  of  the  erector  mass 
containing  but  little  muscle,  which  arises  by  tendons  from  the  spines  of  the  two 
upper  lumbar  and  three  lower  dorsal  vertebrae.  Ascending,  it  gives  off  nine 
tendons  internally,  the  first  of  which  is  the  strongest.  These  are  inserted  into 
the  outer  sides  of  the  nine  upper  dorsal  spines  (fig.  357). 

_  An  ascending  continuation  from  the  third  upper  dorsal  to  the  second  to  the  fourth  cervical 
spines  (spinalis  eervicis)  is  inconstant.  A  strong  slip  from  the  origin  of  the  spinalis 
constantly  blends  with  the  longissimus,  and  must  be  cut  in  order  to  separate  the  muscles. 
The  external  branches  of  the  dorsal  nerves  separate  the  ilio-costalis  from  the  longissimus. 

Dissection. — Raise  and  reflect  these  muscles,  especially  the  longissimus,  and  the  next 
layer  is  exposed,  which  is  closely  connected  with  the  tendons  of  the  spinalis  dorsi. 

FIFTH  LAYER, 

150.  SEMISPINALIS  is  a  stratum  of  long,  obliquely  ascending  fascicles, 
extending  from  the  first  lumbar  vertebra  to  the  occiput.  Its  spinal  part  arises 
from  the  transverse  .processes  of  all  the  dorsal  and  of  the  last  two  cervical 
vertebrae,  and  is  inserted  into  the  sides  of  the  spines  of  the  upper  six  dorsal  and 
lower  six  cervical  vertebra?.  The  part  whose  insertion  ends  at  the  first  dorsal 
spine  is  the  semispinalis  dorsi,  the  part  above  is  the  semispinalis  colli. 

The  semispinalis  capitis  or  COmplexUS  is  large  (tig.  357),  and  overlaps  its 
neighbours,  arising  with  the  semispinalis  colli  from  the  upper  six  dorsal  and  the 
lower  three  cervical  transverse  processes,  and  from  the  tuberosities  of  the  fourth, 
fifth,  and  sixth  cervical  vertebra? ;  ascending  as  a  thick  mass,  it  is  inserted  into 
the  occipital  bone  below  the  inner  part  of  the  upper  nuchal  line.  In  the  middle 
of  its  course,  and  at  its  origin,  an  inner  digastric  part  (the  biventer  eervicis) 
is  often  segmented  from  the  rest  of  the  muscle,  and  is  usually  interrupted 
by  a  tendinous  intersection  opposite  the  spine  of  the  sixth  cervical  vertebra, 
but  the  separation  of  this  portion  is  not  continued  to  the  insertion.  The  semi- 
spinalis capitis  is  supplied  by  branches  of  the  second,  third,  and  fourth  cervical 
nerves,  the  slips  of  the  semispinalis  colli  and  dorsi  by  branches  which  come  from 
the  nerve  of  the  second  segment  below  that  into  which  each  fascicle  is  inserted. 

On  removing  the  semispinalis  the  posterior  branches  of  the  spinal  nerves  are  exposed,  as 
they  emerge  backwards  between  the  transverse  processes,  each  dividing  into  external  and 
internal  divisions  (fig.  104,  p.  58).  Of  those  in  the  dorsal  region,  the  internal  decrease,  the 
external  increase  in  size  from  above  downwards.  The  former  supply  the  semispinals  and  the 
deeper  muscles,  and  the  upper  six  give  off  cutaneous  branches;  the  latter  supply  the  muscles 
of  the  erector  groups,  and  the  lower  six  give  off  cutaneous  branches.  The  lower  seven  cervical 
nerves  resemble  the  upper  dorsals,  except  that  cutaneous  branches  seldom  arise  from  the 
sixth,  seventh,  and  eighth,  and  that  the  cutaneous  branch  of  the  third  lies  between  the  semi- 
spinalis colli  and  semispinalis  capitis,  while  that  of  the  second  is  very  large  (occipitalis  major), 
and  appears  below  and  outside  the  inferior  oblique,  and  pierces  semispinalis  capitis  on  its 
way  to  the  scalp.  The  lumbar  posterior  nerves  resemble  the  lower  dorsal,  and  the  upper 
three  give  off  cutaneous  branches  from  their  external  divisions.  The  inner  branches  lie  in 
grooves  on  the  lumbar  vertebra?  below  the  upper  articular  processes.  Minute  cutaneous 
filaments  may,  however,  be  demonstrated  from  the  inner  divisions  of  all  spinal  nerves. 

Two  large  arteries  appear  in  this  dissection.  The  occipital  lies  at  the  upper  part  in  the 
occipital  groove  behind  the  mastoid  process,  under  the  splenitis  and  longissimus  capitis,  and 
ascends  out  of  view  through  the  intersplenial  space  into  the  scalp.  In  this  second  stage  of 
the  vessel  it  gives  off  two  branches— (1)  A.  princeps  eervicis,  which  descends  inwards 
beneath  the  semispinalis,  and  sends  off  a  superficial  branch  which  runs  under  and_  is 
distributed  to  the  trapezius,  and  a  deeper,  which  passes  downwards,  and  anastomoses  with 
the  deep  cervical  artery;  (2)  communicating  branch,  which  crosses  the  superior  oblique  to 
join  a  muscular  branch  of  the  vertebral  artery.  .     _ 
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Ceroicalis  profunda.  — This  branch  of  the  superior  intercostal  artery  (§  429)  appears  with  the 
posterior  division  of  the  eighth  cervical  nerve  beneath  the  transverse  process  of  the  seventh 
cervical  vertebra  and  turns  upwards,  supplying  contiguous  parts  and  joining  the  princeps 
cervicis  above.     Its  vein  often  receives  a  large  superficial  tributary  which  pierces  the  trapezius 

and  splenitis  (vena  azygos  colli)  close  to  the  first 
dorsal  spine.  Posterior  branches  of  the  inter- 
costal and  lumbar  arteries  accompany  their  nerves 
in  each  intervertebral  space  below. 

151.  MULTIFIDUS  SPINiE  (fig.  360;. 

— A  thick  layer  of  oblique  transverso- 
spinal muscular  fascicles,  each  of  which 
passes  over  only  two  vertebra?.  These  can 
be  artificially  separated  from  each  other, 
but  it  is  better  to  consider  it  as  a  con- 
tinuous mass,  very  thick  below,  thinning 
above,  arising  from  the  articular  processes 
of  the  sacrum  as  far  downwards  as  the 
fourth  foramen,  from  the  accessory  and 
articular  processes  of  the  lumbar  vertebra?, 
from  the  tuberosities  of  the  transverse 
processes  of  the  dorsal,  and  from  the  tuber- 
osities of  the  cervical  vertebra?  as  far  up- 
wards as  the  third.  The  tendinous  and 
fleshy  fascicles  are  inserted  into  the  lateral 
ridges  of  the  lower  edge  of  the  lumbar  and 
dorsal  spines,  into  the  tubercles  at  the 
lower  edge  of  the  lamina?  of  the  cervical 
vertebra?,  and  into  the  lower  and  outer 
surface  of  each  subdivision  of  the  cervical 
spines  as  far  as  the  fourth.  In  the  upper 
dorsal  region  it  is  with  difficulty  separable  from  the  semispinalis.  The 
strongest  cervical  fascicle  is  that  which  passes  from  the  fifth  cervical  vertebra 
to  the  spine  of  the  axis. 
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Fig.  361. — Portion  of  multifidus  spinas 
of  cervical  region  (2)  and  posterior 
vertebral  veins  (8) ;  5,  vertebral  artery. 


SIXTH  LAYER. 
152.  DEEP  SHORT  MUSCLES  (Rotatores  spinse).— On  removing  the 

multifidus  from  the  dorsal  region  small  transverse  bundles  of  fleshy  and 
tendinous  fibres  are  exposed,  which  pass  from  the  root  of  each  transverse 
process  posterioi'ly,  to  the  lower  edge  of  the  lamina  of  each  vertebra  above. 
Tli ere  are  generally  ten  of  these,  which  extend  from  the  second  to  the  eleventh 
dorsal  vertebra?. 

A  few  fascicles  occasionally  skip  a  vertebra,  and  constitute  rotatores 
longiores,  but  these  are  inconstant. 

Inter-transversales  are  weak  muscles  in  the  neck  and  loins,  passing 
from  the  transverse  process  below,  to  the  corresponding  process  above.  In  the 
dorsal  region  these  are  represented  by  fibrous  cords,  in  the  lower  four  of 
which  some  fleshy  fibres  may  exist.  In  the  lumbar  region  they  are  fine,  round 
bundles  between  the  transverse  (accessory)  processes. 

The  so-called  anterior  inter-transversales  are  cervical  and  lumbar  intercostals. 

Inter-spinales  (fig.  359,  8)  are  vertical  short  muscles,  one  on  each  side 
of  the  interspinous  ligament  between  the  spinous  processes.  They  are  distinct 
between  the  cervical  vertebra?  from  the  third  to  the  seventh,  between  the 
seventh  cervical  and  first  dorsal,  between  the  first  to  the  third,  and  the  tenth 
to  the  twelfth  dorsals,  and  appear  as  thin,  flat  muscles  on  each  side  of  the 
lumbars. 
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At  the  uppermost  portion  of  the  neck  these  short  muscles  have  become 
specialised  as  follows,  to  move  the  head  :  — 

Rectus  Capitis  posticus  major  (fig.  359,  9). — The  largest  of  these  arises 
from  the  side  of  the  spine  of  the  axis,  and  is  inserted  into  the  outer  part  of 
the  inferior  nuchal  line  and  into  the  rough  area  below  it.  It  runs  obliquely 
upwards  and  outward. 

Rectus  Capitis  posticus  minor  (fig.  359,  10)  is  a  fan-shaped  muscle, 
deeper,  smaller,  and  internal  to  the  last,  arising  narrow  from  the  posterior 
tubercle  of  the  atlas,  and  inserted  into  the  space  below  the  inner  end  of  the 
inferior  nuchal  line,  but  not  extending  as  far  as  the  edge  of  the  foramen 
magnum. 

Obliquus  capitis  inferior  runs  very  obliquely  from  the  spine  of  the  axis 
to  the  lower  and  back  part  of  the  transverse  process  of  the  atlas  (fig.  359.  n). 

Obliquus  Capitis  Superior,  also  oblique,  runs  from  the  upper  surface  of 
the  transverse  process  of  the  atlas  to  the  space  between  the  splenial  area 
and  the  inferior  nuchal  line,  above  and  external  to  the  rectus  capitis  major 
(%  359.  I2)- 

The  rectus  major  and  the  two  oblique  muscles  bound  a  vertebral  triangle,  in  which 
the  posterior  arch  of  the  atlas  can  be  seen  when  the  space  is  dissected.  The  bone  is  here 
grooved  above  for  the  vertebral  artery.  Emerging  between  the  artery  and  the  bone  is  the 
very  short  posterior  branch  of  the  first  cervical  or  suboccipital  nerve,  which  divides  into  an 
internal  branch  to  the  recti,  a  descending  branch  to  the  inferior  oblique  which  joins  the 
second  cervical  nerve,  an  ascending  branch  to  the  superior  oblique  and  one  to  the  complexity. 
There  is  no  branch  corresponding  to  the  external  branch  of  the  lower  nerves. 

The  superior  oblique  belongs  to  the  series  of  the  multifidus.  The  inferior  oblique  is  a 
dismemberment  of  the  rectus  major  which  is  an  interspinalis. 

The  rectus  capitis  lateralis  (g  490)  is  in  series  with  the  intercostal  muscles. 
Having  removed  the  muscles  of  the  back,    the  ligaments  of   this  region  which  appear 
superficially  should  be  examined  (§  76,  et  seq.) 

153.  POSTERIOR  SACRAL  NERVES.— Upon  the  back  of  the  sacrum  the  five  posterior 
sacral  nerves  can  now  be  fully  traced.  The  lowest  emerges  between  the  sacrum  and  coccyx, 
joins  the  fine  ascending  posterior  branch  of  the  coccygeal  nerve  below  and  that  of  the  fourth 
sacral  above,  and  sends  branches  to  the  surrounding  parts.  The  three  upper  sacral  nerves 
divide  under  the  multifidus  into  outer  and  inner  branches,  the  latter  end  in  that  muscle, 
the  former,  larger,  are  united  by  a  series  of  uniting  filaments  into  loops,  from  the  convexity 
of  which  two  trunks  pass  through  the  sacro-iliac  and  sacro-sciatic  ligaments  to  be  distributed 
to  the  skin  over  the  tuber  ilii. 

Saero-eoeeygeus  posticus. — A  rudimentary  extension  of  the  erector  spinoe  is  usually 
traceable  downwards  as  a  fibrous  band,  in  which  sometimes  muscular  fibres  are  detectible, 
arising  from  the  sides  and  back  of  the  fourth  and  fifth  sacral  vertebrae  and  inserted  into  the 
back  of  the  coccyx.    This  is  the  rudiment  of  the  levator  caudal  of  quadrupeds. 

154.  DORSAL  SPINAL  VEINS  (fig.  361).— In  this  dissection  a  plexus  of  veins  is  ex- 
posed, ramifying  beneath  the  multifidus  upon  the  lamina?,  and  communicating  by  spinal 
branches  with  the  veins  of  the  vertebral  canal  through  the  interlaminar  ligaments. 

Disseetion. — Divide  with  a  spiual  saw  the  lamina?  of  all  the  vertebra?  close  to  the 
articular  processes,  and  remove  the  spines  and  hinder  wall  of  the  neural  arches  so  as  to 
exhibit  the  membranes  of  the  spinal  cord.  On  removing  a  quantity  of  loose  fat  and  watery  con- 
nective tissue  which  fills  the  cavity  that  is  homologous  with  the  interdural  space,  the  theea 
vertebralis  or  fibrous  sheath  of  the  spinal  cord  is  exposed.  Through  this  membrane, 
which  is  the  spinal  dura  mater,  the  spinal  nerves  pass  out,  each  to  escape  through  the 
corresponding  intervertebral  foramen.  The  two  roots  of  each  nerve  pierce  the  membrane 
by  separate  holes,  from  each  of  which  a  sheath  is  prolonged,  but  these  roots  unite  externally 
at  the  ganglion  on  the  hinder  root.  Having  examined  the  external  connections  of  this  mem- 
brane, and  the  brain  having  been  previously  removed,  it  is  advisable  to  dissect  the  theca  with 
its  contents  out  from  the  spinal  canal,  cutting  with  curved  scissors  each  nerve  at  the  inter- 
vertebral foramen,  and  the  cord  can  then  be  placed  in  spirit  for  subsequent  examination. 
It  is  a  good  plan  to  mark  with  an  aniline  pencil  upon  the  membrane  before  removal,  lines 
indicative  of  the  levels  of  the  seventh  cervical,  twelfth  dorsal,  second  and  fifth  lumbar  verte- 
bra? to  be  guides  in  the  study  of  the  detached  cord.  Before  placing  in  spirit  lay  open  the 
theca  to  allow  the  contained  textures  to  harden. 

The  sac  of  dura  mater  extends  down  to  the  third  sacral  vertebra,  and  internally  is 
connected  to  the  surface  of  the  spinal  cord  by  fine  subdural  filaments  of  connective  tissue, 
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which  are  most  numerous  in  the  cervical  and  lumbar  regions.  Similar  cords  tie  the  nerves 
of  the  cauda  equina  to  the  sheath.  Au  intimate  connection  is  also  preserved  laterally  by  a 
flat  band  of  pia  mater,  the  ligamentum  dentiCUlatum,  which  is  attached  by  a  long 
straight  border  to  the  pia  mater,  investing  the  side  of  the  cord  between  the  anterior  and 
posterior  roots  of  the  nerves,  and  externally  by  a  toothed  edge  to  the  inner  side  of  the  dura 
mater.  This  margin  has  twenty-one  teeth  attached  to  the  bridge  of  dura  mater  between  the 
exits  of  the  nerve  roots,  the  last  tooth  being  attached  above  the  first  lumbar  nerve,  below 
which  the  ligament  continues  as  a  membranous  margin  to  the  eonus  terminalis  of  the 
cord.  The  first  tooth  is  attached  above  the  hole  for  the  vertebral  artery,  and  in  front  of  the 
spinal  accessory  nerve.  This  ligament  is  sheathed  loosely  by  the  arachnoid  membrane  whose 
endothelium  is  continuous  into  the  endothelium  lining  the  dura  mater. 

Beneath  the  dura  mater  is  a  very  thin  loose  connective  layer,  the  arachnoid,  separated 
from  the  dura  mater  by  a  very  slight  subdural  space,  but  including  a  wide  sub-arachnoid 
space  in  which  the  spinal  cord  is  suspended,  surrounded  by  the  serous  cerebro-spinal  fluid  of  the 
space,  and  only  attached  (i)  by  a  median  dorsal  septum  posticum,  which  is  interrupted  above, 
though  continuous  below;  (2)  laterally  by  the  ligamentum  denticulatum.  The  anterior 
roots  of  the  nerve  freely  traverse  the  front  part  of  the  space  ;  the  posterior  are  tied  together 
by  an  interrupted  membrane. 

Within  the  spinal  canal  and  on  the  back  of  the  theca  vertebralis  there  is  a  close  plexus  of 
veins,  the  postero-internal  plexus,  whose  main  trunks  are  longitudinal  on  the  inside  of  the 
articular  masses.  These  are  joined  by  transverse  branches  with  each  other,  and  with  the 
still  larger  antero-internal  plexus,  which  lies  on  the  backs  of  the  bodies  of  the  vertebra?. 
The  main  stems  of  this  latter  are  two  long  veins  which  pass  from  end  to  end  of  the  vertebral 
canal  on  the  roots  of  the  pedicles  of  the  vertebra.  Across  the  back  of  every  body  these  are 
joined  by  a  cross  branch.  Each  of  these  anterior  transverse  branches  receives  the  basi- 
vertebral vein  from  the  cancelli  of  the  vertebral  body.  The  blood  from  this  system  is 
emptied  by  branches  through  every  intervertebral  canal  into  the  vertebral,  intercostal, 
lumbar,  and  sacral  veins  respectively.  The  whole  system  is  extrathecal,  but  within  the 
periosteum  of  the  canal,  and  therefore  on  the  same  horizon  as  the  system  of  cerebral  sinuses 
(fig.  472). 
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155.  The  upper  limb  is  joined  to  the  trunk  by  the  sterno-clavicular  joint  and  by  ten 
muscles.  Four  of  these  {trapezius,  latissimus  dorsi,  rhomboideus,  and  levator  anyuli  scapulae) 
have  been  already  seen  in  the  back  ;  two  {sterno-mastokl  and  omo-hyoid)  will  be  found  in  the 
neck  (§§  409,  415) ;  and  the  four  others  which  lie  on  the  front  and  side  of  the  thorax  should 
next  be  dissected. 

156.  REGIONS  OF  THE  THORAX.— For  clinical  purposes  the  thoracic 
wall  may  be  mapped  into  three  median  and  seven  pairs  of  lateral  regions.  The 
median  are: — (1)  suprasternal,  corresponding  to  the  pre-sternal  notch;  (2) 
Upper  Sternal,  above  the  level  of  the  third  costal  cartilage,  corresponding  to 
the  origins  of  the  great  vessels  ;  (3)  lower  Sternal,  corresponding  to  the  heart. 
The  lateral  are: — (1)  Supraclavicular,  above  the  inner  half  of  the  clavicle, 
corresponding  to  the  apex  of  the  lung;  (2)  clavicular,  behind  the  inner  half 
of  the  clavicle;  (3)  infraclavicular,  below  the  clavicle  and  above  the  third 

rib ;   (4)  mammary,   between  the  third  and  the  sixth  ribs ;   (5)   infra- 
mammary,   below  the  sixth  rib;   (6)  axillary,    between  the  anterior  and 


Pig.  362.— Surface  of  thorax,  showing  areas  of  cardiac  dulness — h,  1,  lower  level  of  right  lung 
in  forced  expiration ;  m,  n,  ditto  in  forced  inspiration ;  i,  i,  limit  of  margin  of  left  lung  in 
.   forced  inspiration  ;  e,  e,  ditto,  in  forced  expiration. 

posterior  axillary  folds  as  far  down  as  the  fourth  rib;  (7)  infra-axillary, 
between  the  same  meridian  lines  as  far  as  the  border  of  the  thorax.  Four 
vertical  lines  are  useful  as  guides  : — (1)  sternal,  vertical  lines  dropped 
from  the    sternal    ends    of  the   clavicles,    one  on    each  side    of  the    sternum; 

(2)  mammillary,  the  line  drawn  through  the  nipple;  (3)  parasternal, 
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midway  between  the  first  and  the  second,  and  separating  the  median  from  the 
lateral  regions  ;  (4)  axillary,  the  vertical  line  drawn  through  the  anterior  fold 
of  the  axilla. 

These  lines  and  spaces  should  be  mapped  out  on  the  skin  with  an  aniline  pencil.  When 
the  mammae  are  pendulous  the  mammillary  line  may  be  taken  as  corresponding  to  the 
perpendicular  dropped  from  the  middle  of  the  clavicle. 

The  thorax  should  emit  a  clear  note  on  percussion,  except  in  the  region 
of  the  heart  (hg.  362,  d,  d)  which  lies  below  the  line  of  the  second  costal 
cartilage,  to  the  left  of  a  vertical  line  drawn  downwards  from  the  sternal  end 
of  the  right  clavicle,  to  the  right  of  an  oblique  line  drawn  from  the  left 
second  costal  cartilage,  to  the  upper  edge  of  the  sixth  cartilage  9  cm.  from  the 
middle  line,  and  above  a  line  from  this  point  to  the  lower  edge  of  the  cartilage 

of  the  right  fifth  rib.     The  area  of  greatest  cardiac  dulness  (fig.  362, 

t,  t',  t"),  where  the  heart  is  uncovered  by  the  edge  of  the  lung,  is  include  din 
a  triangle  bounded  by  the  median  line,  by  a  line  drawn  from  this  opposite  the 
fourth  costal  cartilage  to  the  point  of  junction  of  the  left  fifth  rib  and  cartilage, 
and  by  the  horizontal  line  drawn  from  this  point  to  the  median  line.  The 
space  between  d,  d,  d,  and  t,  t,  t,  emits  a  muffled  note  on  percussion. 

The  right  auriculo- ventricular  opening  is  behind  the  middle  of  the  sternum  opposite  the 
fourth  costal  cartilages ;  the  left  is  behind  the  left  border  of  the  sternum  at  the  top  of  the  carti- 
lage of  the  fourth  rib.  The  aortic  opening  is  to  the  left  of  the  middle  line  opposite  the  lower 
border  of  the  third  costal  cartilage  ;  the  pulmonic  orifice  is  at  the  left  of  the  sternum  opposite 
the  upper  border  of  the  same  cartilage.  The  apex  of  the  heart  beats  below  the  fifth  rib  about 
9  cm.  from  the  middle  line,  or  5  cm.  below,  and  2*3  to  the  inner  side  of  the  nipple  in  the 
adult.  In  the  child  the  apex  beats  on  the  fourth  interspace.  The  bifurcation  of  the  trachea 
lies  behind  the  pre-niesosternal  joint.  These  points  are  not  constant  for  every  individual 
but  vary  within  wide  limits. 

The  clavicles,  ribs,  and  sternum  can  be  felt  through  the  soft  parts.  The  sternal  region  is 
depressed,  especially  in  the  female  ;  its  skin  is  thick,  more  closely  tied  to  the  bone  than  on 
either  side,  and  the  pre-mesosternal  joint  feels  as  a  transverse  ridge  {Angulus  Ludovici).  The 
skin  of  the  sternal  and  mammary  regions,  especially  in  dark  males,  bear  curled  hairs  directed 
upwards  and  inwards,  associated  with  large  sebaceous  glands  liable  to  acnous  inflammation. 

In  the  vicinity  of  the  shoulder  the  prominent  bony  points  are  : — The  acromion 
process  and  its  continuation  backwards,  the  spine  of  the  scapula;  the  coracoid, 
palpable  beneath  the  clavicle  external  to  the  infraclavi- 
cular space ;  the  great  tuberosity  of  the  humerus  beneath 
the  acromion,  under  cover  of  the  deltoid  muscle.  The 
positions  of  these  should  be  ascertained  in  different 
positions  of  the  arm. 

The  armpit  or  cavity  Of  the  axilla  varies  in  depth 
with  the  position   of  the   arm.     Its    skin   is    pigmented, 

"c tied  to  the  subjacent  fascia,  bearing  long  hairs  (25  to  the 

Fig.  363. — Lymphatic  S(l-  cm-)  which  are  directed  radially  towards  the  borders 
plexus  in  skin  of  of  the  cavity,  and  it  contains  very  large  sweat  glands 
thorax  —  a,  super-  (about  no  to  the  sq.  cm.)  There  is  a  dense  network  of 
pSxu^TlymphS  lymphatics  in  the  corium,  especially  near  the  axilla  (fig. 
vessel.  S^S)-      -Lhe  axillary  artery  lies  along  the  line  which  joins 

the  middle  of  the  clavicle  to  the  middle  of  the  elbow. 
Over  the  clavicles  the  skin  is  smooth,  thin,  haii-less  and  loosely  adherent.     In 
general  the  epidermis  on  the  front  and  sides  of  the  thorax  is  thin,  the  under- 
lying papilla?  being  about  -07  mm.  long,  and  the  corium  about  3-5  mm.  thick. 

157.  THE  MAMMARY  GLAND  is  placed  in  the  female  between  the  axilla 
and  sternum,  and  extends  from  the  third  and  sixth  ribs  on  each  side.  In  the 
female  it  is  a  broadly  conical  mass  with  an  oblique  elliptic  base  before  it  becomes 
functional ;  but  after  lactation  it  frequently  becomes  pendulous,  its  normal 
condition  in   the   adult  females  of  dark  races.      A  little  below  its  mid-point, 
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usually  opposite  the  fourth  intercostal  space  and  about  12  cm.  from  the  middle 
line  is  the  nipple  or  mammilla  (fig.  364),  a  wart-like  eminence,  cylindroid,  conical, 
clavate,  or  fiat,  on  whose  smooth  or  papillose  surface  the  milk  ducts  open. 
The  skin  of  the  nipple  is  pigmented  and  its  base  is  surrounded  by  a  ring  of 
coloured  skin,  the  areola  (ib.,  3),  3-5  cm.  wide  in  the  female,  2*5  in  the  male, 


Fig.  364. — Mammary  gland,  the  lower  half  dissected. 

pinkish  and  moderately  smooth  in  the  young  female,  but  becoming  brown 
during  the  second  month  of  the  first  pregnancy,  and  never  resuming  its  former 
appearance.  In  some  of  its  papilla?  there  are  touch  coi-puscles  and  between 
them  are  large  and  branched  sebaceous  glands  (Montgomery's  glands), 
whose  secretion  protects  the  nipple  from  the  juices  of  the  child's  mouth  (ib.,  2). 

Dissection. — Draw  the  arm  from  the  side  and  divide  the  skin,  (1)  along  the  median 
line,  (2)  along  the  clavicle  ;  and  (3)  from  the  metasternum  to  the  hinder  fold  of  the  axilla. 
Reflect  this  flap  outwards,  having  previously  made  a  circular  incision  around  the  areola  to 
leave  the  nipple  in  situ.  A  thin  plane  of  muscular  fibres,  the  platysma,  descending  from 
the  neck,  to  be  inserted  into  the  infraclavicular  skin  appears  over  the  clavicle,  under  cover 
of  which  tluee  supraclavicular  nerves  descend  in  the  superficial  fascia  to  supply  the  supra- 
mammary  skiD.  The  innermost  is  the  shortest  and  supplies  the  skin  over  the  presternum, 
the  outermost  ends  in  the  anterior  fold  of  the  axilla.  A  few  small  communications  exist 
between  these  nerves  and  the  anterior  cutaneous. 

The  superficial  fascia  at  the  upper  and  medial  parts  of  the  region  is  tough 
and  elastic  with  but  little  fat,  pierced  along  the  sternal  line  by  slender 
anterior  Cutaneous  branches  of  the  intercostal  nerves  which  pass  outwards 
to  the  skin.  The  second  and  third  are  the  lai'gest  in  males,  the  third  and 
fourth  in  females.  Anterior  intercostal  branches  of  the  internal  mammary 
vessels  emerge  with  these,  the  second,  third,  and  fourth  of  which  are  distributed 
to  the  mammary  gland.  In  the  deep  layer  of  the  axillary  skin  thei'e  are  bands 
of  unstriped  muscle,  overlying  the  sweat  glands.  Both  these  and  the  glands 
are  visible  to  the  naked  eye.. 

The  mammary  gland  as  now  exposed  is  a  compound  racemose  gland, 
and  appears  in  the  female  as  an  uneven  mass,  flat  beneath,  convex  superficially. 
"When  the  fat  (fig.  364,  4)  which  surrounds  it  is  removed,  no  easy  task,  the 
gland  appears  to  be  enveloped  in  a  tough  laminated  capsule  of  the  superficial 
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fascia,  sending  processes  into  it,  the  suspensory  ligaments  of  Cooper,  which  are 
continuous  with  the  interstitial  tissue  of  the  organ  and  contain  fat  in  their 
meshes  (ib.,  8,  10). 

The  gland  tissue  consists  of  20-22  pinkish-white,  firm,  irregular  lobes,  each 
consisting  of  the  branches  of  a  lactiferous  duct  (ib.,  7),  whose  terminal  radicles 
are  tubular  acini  united  together  by  a  firm  interstitial  connective  tissue  traversed 
by  blood-vessels,  and  with  a  network  of  lymph  spaces  around  each  acinus. 
Each  duct  as  it  emerges  from  its  lobe  dilates  at  the  areola  into  a  fusiform 
ampulla  (ib.,  6).  These,  at  the  base  of  the  nipple,  contract  into  about  sixteen 
narrow  mammillary  ducts  (ib.,  5),  which  traverse  the  nipple  to  open  on  its 
surface  between  the  ridges  of  the  cutis  by  mouths  about  -6  mm.  in  diameter. 
Secondary  ampullae  occur  here  and  there  on  the  lactiferous  ducts. 

The  nipple  consists  of  retiform  tissue  with  many  fine  vessels  (fig.  365,  5), 
and  unstriped  muscular  fibres  (ib.,  6),  which  form  an  imperfect  sheath  around 
the  ampullae  and  mammillary  ducts,  even  extending  for  some  distance  on  the 
lactiferous  ducts. 

The  lobes  of  the  gland  are  neaidy  independent  of  each  other,  hence  mammary 
abscesses  are  often  multilocular  and  require  several  openings.  The  blood-vessels 
of  the  gland  are  many  and  small;  they  enter  its  margins,  and  do  not  accompany 
its  ducts.  The  upper  lobes  are  supplied  by  the  thoracico-acromial  artery, 
the  outer  by  the  long  thoracic  and  external  mammary,  the  inner  by  the 
anterior  intercostals.  Some  of  the  veins  are  deep,  and  accompany  the  arteries, 
others  form  a  superficial  circle  of  anastomosis  in  the  areola,  and  end  in  the 
superior  thoracic  vein.     Some  of  the  emerging  lymph  trunks  accompany  the 
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Fig.  365.— Section  through  portion  of  mam- 
milla, showing  ampulla  cut  through,  and 
the  unstriped  muscular  interlacement. 

intercostal  veins  to  the  glandulse  stemales  of  the  first,  second,  and  third 
intercostal  spaces,  but  they  mostly  pass  into  two  large  glands  in  the  axilla 
behind  the  edge  of  the  pectoral  muscle.  Those  from  the  areola  and  nipple 
pass  to  a  gland  nearer  to  the  clavicle  (fig.  366,  x).  The  nerves  are  derived  from 
the  third,  fourth,  and  fifth  intercostals,  and  accompany  the  arteries. 

The  gland  weighs  about  140  grammes,  increasing  to  260  during  lactation.  Its  volume 
when  quiescent  is  about  220  c.cm.,  its  greatest  length,  parallel  to  the  fibres  of  the  great 
pectoral,  is  nearly  13  cm.,  its  breadth  11  cm.,  and  its  thickness  5 '5  cm. 

Development. — In  a  seventh  week  foetus  the  epidermis  of  the  mammary  region  has 
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thickened,  and  solid  columns  of  its  deep  cells  have  begun  to  project  into  the  underlying  cutis 
(fig.  367,  d),  from  which,  in  turn,  a  few  processes  extend  into  the  thickening  epidermis. 
Around  this  area  is  a  marginal  ridge,  the  primary  mammary  fold  (fig.  367,  pmf).  The 
columns  of  epidermal  cells  elongate  radially,  become  clavate  (g)  and  branched,  so  forming 
a  definite  mass,  and  the  space  within  the  mammary  fold  becomes  the  areola.  The  male 
gland  continues  in  this  state ;  but  in  the  female  the  gland  grows,  and  at  birth  some  of  the 
columns  have  become  modified  into  branching  tubular  ducts.  The  nipple  developes  in  the 
third  year,  and  true  glandular  acini  form  at  the  ninth  year  near  the  margins  of  the  lobes. 
These  are  originally  in  the  form  of  solid  cylinders,  but  during  the  first  pregnancy  the  acini 
grow  rapidly  in  number,  and,  as  the  epithelium  proliferates,  the  central  cells  of  each  acinus 
become  fat-laden,  and  are  cast  off  in  the  first  milk  as  colostrum  corpuscles. 

When  lactation  is  ended  the  gland  tissue  undergoes  fatty  degeneration. 

The  nipple  is  an  up-growth  of  the  dermis  around  the  ducts.  The  areola  is  supplied  by 
the  second  intercostal  artery. 

The  adult  mammas  are  usually  unsymmetrical,  the  left  being  generally  the  lai'ger  and 
higher.  The  male  gland  is  rudimental,  with  rudimental  ducts  and  a  few  solid  unbranched 
acini.     The  gland  is  an  extreme  specialisation  of  a  series  of  dermal  sebaceous  glands. 

A  layer  of  loose -meshed  submammary  connective  tissue  underlies  the  gland  and 
allows  it  to  glide  a  little  on  the  pectoral  muscle.  This  tissue  is  beneath  the  capsule,  hence 
submammary  abscesses  do  not  burrow 
through,  but  point  at  the  side  of,  the 
gland.     Occasionally  this  tissue  becomes 

so  loose  in  patches   as   to   appear  like  a  1  jinmi^h 

bursa,  and  it  maybe  the  seat  of  hygro-  *•  .^l»ff  %  ^  L 

matous  tumours.  ^&%  fi'':~\  '■=■  \t 

Dissection. — Remove  the  gland  and 
the  sheath  of  the  great  pectoral  muscle. 
Note  the  positions  of  the  vessels  divided, 

and  leave  the  fascia  of  the  axillary  floor  ^ffi',  ''MjSm&SM 

undisturbed,  as  it  is  attached  to  the  inner 
edge  of  the  lower  border  of  the  muscle. 

158.  PECTORALIS  MAJOR  is 

functionally  a  triangular  muscle, 
and  forms  the  front  fold  of  the 
axilla.  It  arises  in  three  portions — 
(1)  clavicular,  from  the  front  of  the 
inuer  half  of  the  clavicle  and  sterno- 
clavicular capsule ;  (2)  superficial 
sternocostal,  from  the  front  of  the 
sternum  for  nearly  half  its  breadth, 
and  from  the  thoracic  part  of  the 
sheath  of  the  rectus ;  (3)  deep  sterno- 
costal, beneath  the  last  from  the 
sternal  ends  of  the  cartilages  of  the 
five  upper  ribs.  These  parts  are 
occasionally  quite  distinct  from  each 
other. 

It  is  inserted  by  a  bilaminar 
tendon  into  the  outer  lip  of  the 
bicipital  groove  under  cover  of  the 
edge  of  the  deltoid.  The  clavicular 
part  is  superficial,  separable,  and  inserted  as  low  down  as  the  insertion  of  the 
deltoid  with  which  it  is  continuous  below,  but  these  muscles  are  separated 
above  by  an  infraclavicular  triangle  containing  the  cephalic  vein  and  the 
humero-thoracic  artery.  The  lowest  of  the  clavicular  fibres  are  inserted  into 
the  brachial  fascia.  The  deep  sternocostal  fibres  ascend  the  highest,  so  the 
tendon  appears  twisted ;  its  superficial  lamella  is  derived  from  the  first  and 
second  part,  while  the  deeper  comes  from  the  third  part. 

The  deep  surface  of  the  tendon  near  the  insertion'is  crossed  by  vertical  fibres  derived 
from  the  external  intermuscular  septum,  and  attached  above  to   the  great  tuberosity  and 


Fig.  36S. 


-.Superficial  muscles  of  the  anterior 
thoracic  region. 
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capsular  ligament  of  the  shoulder -joint,  frsenum  suspensorium  anterior  (fig.  387). 
The  axillary  fascia  is  attached  to  the  hinder  and  lower  edge  of  the  muscle,  and  an  expansion 
of  its  sheath  from  the  deep  surface  generally  sheaths  the  biceps  tendon. 

This  muscle  adducts,  draws  forward  and  rotates  inwards  the  arm,  depressing 
it  when  raised.  It  is  supplied  by  the  two  branches  of  the  anterior  exteimal 
thoracic  nerve,  one  to  the  clavicular  part  (5-6  c.*),  and  one  to  the  superficial 
sternocostal  (6-7  c).  The  deep  sternocostal  is  supplied  chiefly  by  branches  of 
the  anterior  internal  thoracic  (7-8  c.  and  1  d.). 

The  great  pectoral  is  a  muscle  with  a  tendency  towards  division  into  lamella?  or  radial 
slips.  Its  inferior  costal  fascicles  often  become  separated  as  a*  distinct  chondro -fascial, 
chondro-liumeral,  or  chondro-epitrochlear  muscle,  not  uncommouly  its  hinder  and  lower 
fibres  are  displaced  backwards,  and  unite  with  the  latissimus  dorsi,  forming  that  variety  of 
the  axillary  arch  which  is  innervated  by  the  anterior  external  thoracic  nerve  (fig.  376). 

Dissection. — Detach  the  clavicular  part  from  its  origin  and  reflect  it  outwards.  The 
triangle  thus  uncovered  is  crossed  by  the  tendon  of  the  lesser  pectoral,  from  the  upper  edge  of 
whose  sheath  a  thin  fascial  layer  extends  upwards,  suddenly  becoming  strong  at  a  line  drawn 
between  the  first  rib  and  the  coracoid  process.  This  COStO-COraeoid  membrane  divides 
along  the  under  edge  of  the  subclavius  into  two  layers,  and  these,  enclosing  the  muscle,  are 
attached  to  the  clavicle  respectively  in  front  and  behind  the  subclavian  impression  (p.  138). 

The  weak  part  of  the  costo-coracoid  membrane  is  pierced  by  the  thoracico-acromial 
vessels,  the  anterior  external  thoracic  nerve,  and  the  cephalic  vein.     When  this  weak  part  is 


Fig-  369- — Horizontal  section  across  left  axilla,  and  shoulder-joint. 


dissected    away    the    strong    part    appears    as   a    fibrous    archway,    the    eosto-eoraeoid 
ligament,  whose  outer  attachment  is  split  to  enclose  the  lesser  pectoral  tendon. 

Dissection.— Abduct  and  rotate  outwards  the  arm.  Divide  the  skin  from  the  meta- 
sternum  to  the  tip  of  the  eleventh  rib  and  reflect  the  flap  outwards.  A  row  of  ten  lateral 
cutaneous  nerves  are  to  be  cleaned  and  traced  as  they  emerge  one  from  each  intercostal  space 
behind  the  axillary  line,  where  each  divides  into  an  anterior  and  a  posterior  branch  (p.  58, 
fig.  104). 

159.  THE  AXILLA  (fig.  371)  is  a  pyramidal  space  bounded  in  front  by  the 
X>ectoral  muscles  and  internally  by  the  four  upper  ribs  covered  by  the  serratus 
magnus.    The  hinder  wall  is  formed  by  the  subscajmlaris,  teres  major,  and  latissi- 

*  The  spinal  source  of  the  innervation  of  each  limb  muscle  is  indicated  as  far  as  possible 
in  each  case. — c  =  cervical;  d  =  dorsal,  &c. 
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mus  dorsi;  it  is  thicker  and  hangs  lower  than  the  anterior,  and  where  it  and 
the  front  wall  converge  externally  the  angle  is  rounded  by  the  biceps  and  coraco- 
brachialis  muscles.  Its  apex  above  communicates  with  the  supraclavicular  cer- 
vical triangle  by  a  three-sided  cerviCO-axillary  passage,  bounded  by  the  first 
rib,  the  clavicle,  and  the  upper  edge  of  the  scapula,  through  which  the  axillary 
vessels  and  nerves  pass,  and  from  which  they  caiTy  down  an  indefinite  funnel- 
like areolar  sheath.  Its  base  below  is  concave,  formed  by  the  axillary  fascia, 
which  is  attached  in  front  to  the  lower  and  inner  border  of  the  greater  and  to 
the  lower  edge  of  the  sheath  of  the  lesser  pectoral  muscle ;  it  is  continuous 
externally  with  the  fascia  of  the  arm,  internally  with  the  sheath  of  the  serratus 
magnus,  and  posteriorly  with  the  upper  edge  of  the  sheath  of  the  latisslmus 
dorsi. 

Dissection. — Detach  and  remove  this  fascia,  avoiding  the  cutaneous  nerves  which  pierce 
it,  and  having  thus  opened  the  axilla  remove  the  fat  and  areolar  tissue  which  are  closely 
packed  round  the  more  important  contents,  beginning  posteriorly  where  the  subscapular 
artery  and  long  subscapular  nerve  form  convenient  guides  to  the  deeper  parts. 

Imbedded  in  these  tissues  there  are  usually  twelve  lymphatic  glands 
(fig.  370).  Three  lie  along  the  lower  edge  of  the  great  pectoral,  one  close  to 
the  humerus  receiving  the  cutaneous 
brachial  lymphatics,  one  close  to  the 
thoracic  wall,  and  one  intermediate,  re- 
ceiving mammary  and  superficial  thoracic 
lymphatics.  Two  lie  above  these  behind 
the  great  pectoral  and  receive  the  lym- 
phatics of  the  areola  and  nipple.  Two 
overlie  the  costo-coracoid  membrane  close 
to  the  cephalic  vein  receiving  lymphatics 
from  the  shoulder,  and  three  rest  on  the 
axillary  vein  receiving  the  deep  brachial 
lymphatics.  One  upon  the  subscapular 
artery  behind  collects  the  lymph  vessels 
of  the  hinder  wall  of  the  cavity,  and  one 
lies  on  the  latissimus  dorsi  close  to  the 
scapular  quadrilateral  space.  The  efferent 
lymph  vessels  from  all  these  ascend  on  the 
axillary  vein,  having  crossed  the  artery, 
and  enter  the  neck  by  four  trunks  (§  420), 
each  gland  receives  a  small  artery,  an 
indirect  branch  of  the  axillary. 

Dissection.  —  Remove  the  glands,  noting 
their  relations  to  the  underlying  parts.  Divide 
the  rest  of  the  great  pectoral  by  a  vertical  incision 
10  cm.  from  its  insertion  and  reflect  it,  leaving 
in  place  the  artery  and  nerves  which  enter  it 
over  the  lesser  pectoral,  which  should  next  be 
cleaned. 


Fig.    370. 


-Diagram   of    the    lymphatic 
elands  of  the  axilla. 


160.  PECTORALIS  MINOR  (fig.  371, 

5),  triangular,  arises  by  thin  flat  tendinous 
slips  from  the  upper  edges  of  the  third, 
fourth,  and  fifth  ribs  external  to  their  cartilages.  Two  slips  usually  arise  from 
the  fourth  rib.  Ascending  outwards  it  is  inserted  by  a  narrow  flat  tendon 
into  the  upper  and  inner  edge  of  the  coracoid  processes,  and  by  an  expansion 
into  the  origin  of  the  coraco-brachialis.  The  anterior  internal  thoracic  nerve 
supplies  it  (8  c),  and  sends  some  filaments  through  the  muscle,  which,  together 
with  the  pectoral  branches  of  the  thoracico-acromial  artery,  separate  it  from 
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the  overlying  great  pectoral,  while  the  long  thoracic  artery  runs  along  its 
lower  border.  This  muscle  depresses  the  shoulder.  Its  extreme  fibres  include 
an  angle  of  300,  whose  resultant  ascends  at  an  angle  of  450  in  the  line 
joining  the  sternal  end  of  the  fourth  rib  to  the  coracoid  process.  The  lesser 
pectoral  is  a  deep  delamination  of  the  great  pectoral. 

161.  THE  AXILLARY  VEIN  (fig.  371,  20)  is  the  most  superficial  of  the 
great  vessels  in  the  axilla,  and  ascends  behind  the  pectoral  muscles  in  front  and 
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Fig.  371.— Pectoralis  minor  and  axilla.     The  slip  marked  11  is  an  anomalous  muscle. 

internal  to  the  axillary  artery  (below  it  when  the  arm  is  raised).  It  begins  at 
the  lowest  part  of  the  space  by  the  junction  of  the  combined  basilic  vein  and 
inner  brachial  vein  with  the  outer  brachial  vein,  and  receives  the  following 
tributaries  as  it  ascends  : — (A)  Below  the  lesser  pectoral — (1)  posterior 
circumflex;  (2)  subscapular;  (3)  anterior  circumflex;  (4)  inferior  thoracic 
veins  ;  (B)  above  the  lesser  pectoral — (5)  superior,  thoracic ;  (6)  cephalic ; 
(7)  thoracico-acromial  veins.  Each  of  these  veins,  except  No.  6,  accompanies 
its  artery.  There  is  a  single  valve  at  the  mouth  of  each  branch,  and  two 
paired  valves  in  the  main  trunk.  It  becomes  the  subclavian  vein  above  the 
lower  edge  of  the  first  lib  (§  420). 

Dissection. — Ligature  the  vein  at  either  end  and  remove  it,  having  noted  its  relations 
to  the  artery  and  the  passage  of  the  anterior  internal  thoracic  nerve  between  these  two 
vessels.     Leave  for  the  present  the  lesser  pectoral  undivided. 
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162.  THE  AXILLARY  ARTERY  (figs.  371,  18;  372)  is  the  continuation  of 
the  subclavian  (§  419)  from  the  lower  border  of  the  first  rib,  and  it  changes 
its  name  at  the  lower  edge  of  the  teres  major  tendon,  becoming  brachial  (p.  288). 
It  is  divided  into  three  unequal  stages,  the  first  above  the  upper  edge  of  the 
lesser  pectoral,  the  second  behind  and  the  third  below  that  muscle.  These 
average  respectively  2*5,  3,  and  8  cms.  in  length. 

In  the  first  Stage  it  lies  under  the  skin,  platystna,  supraclavicular  nerves, 
clavicular  part  of  the  great  pectoral,  and  the  costo-coracoid  membrane ;  it  is 
crossed  by  the  external  anterior  thoracic  nerve,  cephalic  and  thoracico-acromial 
A^eins,  and  the  axillary  lymphatic  trunks.     Its  vein  lies  internal,  overlapping 

•  lie 
0Y^lC  &  scapular. 

•$C    .^^  nutritious.  7 

pectoral. 

articular. 


Fig.  372. — Diagram  of  branches  of  axillary  artery. 

it,  the  antei-ior  internal  thoracic  nerve  intervening.  The  bi'achial  plexus  is 
external,  and  the  artery  lies  on  a  plane  of  areolar  tissue  which  separates  it  from 
the  first  intercostal  muscle,  the  second  and  third  teeth  of  the  serratus  magnus, 
the  posterior  thoracic  nerve,  and  second  rib. 

The  second  Stage  lies  under  the  two  pectorals,  upon  a  thick  areolar  bed 
which  separates  it  from  the  subscapular  muscle.  Its  vein  is  internal,  and  the 
three  cords  of  the  brachial  plexus  are  respectively  external,  posterior,  and  internal 
to  it. 

The  third.  Stage  belongs  to  the  arm,  not  to  the  axilla,  and  should  properly 
be  described  as  part  of  the  brachial.  It  is  covered  by  skin,  fascia,  and  the 
lower  edge  of  the  great  pectoral,  which  guides  the  surgeon  to  find  it ;  and  is 
crossed  by  the  inner  head  of  the  median  nerve,  and  by  the  outer  brachial  vena 
comes.  External  to  it  are  the  coraco-brachialis  (which  overlaps  it,  and  whose 
edge  forms  a  good  guide  to  it),  the  musculo-cutaneous  and  median  nerves. 
Internal  are  the  ulnar  and  internal  cutaneous  nerves  and  its  own  vein.  It 
lies  on  the  subscapidaris,  the  circumflex  nerve,  the  tendons  of  the  latissimus 
dor  si,  and  teres  major,  and  the  musculospiral  nerve. 
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The  arteiy  receives  vasomotor  nerves  from  the  first  dorsal  ganglion  of  the 
sympathetic.  The  branches  of  the  axillary  artery  are  variable  in  order  and 
size,  and  differ  in  the  sexes.     They  are  : — 

First  stage — (1)  ThoraciCO-acromial,  a  short  ascending  trunk,  dividing 
into  four  branches  as  it  pierces  the  costo-coracoid  membrane — (a)  pectoral,  lying 
beneath  the  great  pectoral  and  over  the  lesser,  supplying  both,  and  sending  in 
the  female  a  lai'ge  mammary  branch  through  the  former  ;  (b)  acromial,  ascend- 
ing above  the  coracoid  process  to  the  surface  of  the  acromion,  where  it  takes 
part  in  the  formation  of  the  arterial  rete  acromiale,  a  network  formed  by 
anastomosing  branches  of  this,  the  suprascapular  and  posterior  circumflex 
arteries ;  (c)  clavicular,  ascending  inwards  beneath  the  clavicle  to  the  soft  parts 
of  this  region  ;  (cl)  humeral,  descending  with  the  cephalic  vein  between  the 
great  pectoral  and  deltoid  muscles,  supplying  both. 

(2)  Superior  thoracic,  variable  (often  confounded  with  the  pectoral 
branch  of  the  last),  arises  from  the  back  of  the  axillary  artery  behind  the  vein, 
and  supplies  the  first  intercostal  space,  anastomosing  with  the  intercostal 
vessels. 

Second  stage — (3)  Short  subscapular,  often  double,  passing  backwards 
to  the  subscapularis  muscle. 

(4)  Long"  thoracic,  descending  along  the  lower  edge  of  the  lesser  pectoral 
to  the^ thoracic  wall,  and  giving  off — (a)  alar  thoracic,  a  small  variable  branch 

to  the  anterior  lymphatic 
glands,  and  (b)  external 
mammary,  small  in  males, 
large  and  often  indepen- 
dent in  origin  in  females, 
passing  to  the  gland  be- 
low the  lower  edge  of  the 
great  pectoral. 

Third  stage— (5)  Long 
Subscapular,  the  largest 
branch,  supplying  the  soft 
parts  on  both  sides  of  the 
postscapula.  It  descends 
along  the  lower  edge  of 
the  subscapularis,  and  after 
a  short  course  divides  into 
two  branches — (a)  dorsalis 
scapulae,  which  cannot  be 
traced  fully  until  the  dis- 
section is  farther  advanced 
(p.  284);  it  sinks  into  the 
subscapular  triangle  be- 
tween the  subscapularis 
muscle  above,  the  teres 
major  below,  and  the  long 
head  of  the  triceps  externally.  Here  it  gives  off  a  deep  subscapular  branch 
which  sinks  beneath  that  muscle  and  ramifies  on  the  bone,  sending  a  branch 
along  each  of  the  costal  ridges  of  the  subscapular  fossa.  From  the  uppermost 
branch  arises  the  ventral  nutrient  artery  of  the  scapula  and  the  superior 
articular  arteiy  of  the  shoulder.  Having  wound  round  and  grooved  the 
axillary  edge  of  the  scapula,  the  dorsalis  scapulae  ascends  beneath  the  teres 
minor  and  infraspinatus,  anastomosing  in  the  substance  of  the  foi'mer  muscle 
with  a  branch  of  the  posterior  circumflex.  Under  the  latter  it  ends  by 
dividing   into   three    branches — an    ascending,    which    anastomoses    with    the 


Fig.  373. — Dissection  of  subscapular  arteries — A,  axillary 
artery  having  behind  it  c,  the  capsule  of  the  shoulder,  as 
the  subscapidar  muscle  has  been  removed,  its  cut  border 
appearing  under  a,  the  coracoid  process  ;  I,  suprascapular 
artery,  §427;  2,  posterior  scapular,  §425;  3,  subscapular; 
3',  its  deep  subscapular  branch  ;  4,  posterior  circumflex  ; 
5,  anterior  circumflex  ;  e,  teres  major. 
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infraspinous   artery,  a  transverse   and   a  descending,   which    anastomose    with 
the  posterior  scapular. 

(b)  Thoracico-dorsalis  descends  on  the  edge  of  the  latissimus  dorsi  and 
teres  major  muscles,  which  it  supplies,  to  the  side  wall  of  the  thorax,  where  it 
ends  in  the  serratus  magnus.  A  small  posterior  branch  descends  on  the  ventral 
edge  of  the  teres  major  to  the  inferior  angle  of  the  scapula,  and  communicates 
with  the  descending  branch  of  the  last  and  of  the  posterior  scapular. 

(6)  Anterior  circumflex  (to  be  subsequently  dissected,  p.  286)  arises  from 
,the  outer  side  of  the  axillary  artery  above  the  latissimus  dorsi,  and  passes  in 
front  of  the  surgical  neck  of  the  humerus  under  the  coraco-brachialis  and  biceps. 
In  the  bicipital  groove  it  sends  upwards  an  anterior  articular  branch  to  the 
shoulder-joint.  It  ends  beneath  the  deltoid,  sending  nutrient  branches  to  the 
head  and  lesser  tuberosity  of  the  humerus,  and  a  descending  branch  to  the 
insertion  of  the  great  pectoral. 

(7)  Posterior  Circumflex  (much  larger  and  subsequently  to  be  traced,  p. 
284)  arises  from  the  hinder  and  inner  surface  of  the  axillary  artery  and  sinks 
with  the  circumflex  nerve  through  the  quadrilateral  space  bounded  by  the 
humerus  externally,  the  triceps  internally,  the  subscapidaris  above,  and  the  teres 
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Fig.  374. — Dissection  of  arteries  on  the  back  of  the  scapula. 

major  below.  It  terminates  beneath  the  deltoid  in  a  series  of  radial  branches 
supplying  that  muscle,  having  previously  given  off  (a)  an  ascending  branch  to  the 
teres  minor,  (b)  a  descending  branch  to  the  long  head  of  the  triceps,  (c)  nutrient 
branches  to  the  greater  tuberosity  of  the  humerus,  (d)  posterior  articular 
branches  to  the  shoulder,  (e)  branches  to  the  rete  acromiale,  and  (/)  an  anasto- 
motic branch  to  join  the  superior  profunda  (p.  288). 

163.  SUBCLAVIUS  (fig.  371,  2)  is  a  small  penniform  muscle,  representing 
the  second  pectoral  of  the  bird,  and  exposed  by  removing  the  costo-coracoid 
membrane.  It  arises  by  a  strong  tendon  from  the  upper  surface  of  the  first 
rib  close  to  its  cartilage,  and  ascends  obliquely  outwards  at  an  angle  of  25°. 
Its  fibres,  expanding,  are  inserted  into  the  subclavian  impression  of  the  clavicle. 
Its  nerve  (5  c.)  enters  its  deep  surface  near  its  tendon.  It  fixes  and  depresses 
the  clavicle. 

Dissection. — Divide  the  lesser  pectoral  three  inches  from  its  insertion,  and  (the  lower 
part  of  the  neck  having  been  dissected,  §  418)  saw  through  the  clavicle  or  disarticulate  its 
sternal  end,  draw  the  arm  out  from  the  side  and  clean  the  brachial  plexus  as  it  emerges 
between  the  scaleni  muscles. 

164.  The  BRACHIAL  PLEXUS  is  formed  by  the  unions  of  the  united  lateral 
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muscular  and  cutaneous  branches  of  the  anterior  branches  of  the  fifth,  sixth, 
seventh,  and  eighth  cervical,  and  the  first  dorsal  nerves.  The  first  pair  unite  and 
form  the  uppermost  trunk,  the  fifth  having  previously  received  a  descending 
branch  from  the  fourth.  The  seventh  runs  by  itself  as  far  as  the  level  of  the 
clavicle,  forming  a  middle  trunk,  and  the  lowest  two  unite  on  the  first  rib  to 
form  the  lowest  trunk  as  they  leave  the  shelter  of  the  scalenus  anticus. 

Each  trunk  splits  into  an  anterior  and  a  posterior  division.     The 

anterior  divisions  of  the  uppermost  and  middle  trunks  join  behind  the  clavicle 
and  form  the  outer  Cord  of  the  plexus.     The  anterior  division  of  the  lowest 
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Diagram  of  brachial  plexus. 


trunk  forms  the  inner  COrd,  and  the  posterior  divisions  of  the  uppermost  and 
middle  trunks  unite  to  form  the  posterior  COrd,  which  is  joined,  usually  a 
little  below  the  point  where  it  begins  to  branch,  by  the  small  posterior  division 
of  the  lowest  trunk. 

The  branches  which  arise  from  the  plexus  in  the  neck  and  axilla  are — 
1.  Dorsi-SCapular  nerve. — This  arises  from  the  fifth  cervical  and  pierces 
the  scalenus  medius,  passing  under  the  levator  anguli  scapula},  to  which  it  sends 
a  branch,  terminating  in  the  rhomboid  muscle  (p.  252). 
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2.  The  subclavian  nerve  arises  from  the  fifth  close  to  its  junction  with 
the  sixth,  and  descends  inwards  over  the  scalenus  anticus  and  subclavian  vein, 
and  behind  the  clavicle.  It  often  sends  a  branch  inwards  to  join  the  phrenic 
nerve  (§  412),  and  enters  its  muscle  by  piercing  the  underlying  fascia. 

3.  The  suprascapular  nerve  arises  from  the  upper  trunk,  but  is  chiefly 
derived  from  the  fifth.  It  descends  beneath  the  trapezius  and  clavicle,  under  the 
suprascapular  vessels  to  the  upper  suprascapular  ligament,  under  which  it  enters 
the  supraspinous  fossa.  Here  it  divides  into  (a)  branches  for  the  supraspinatus, 
(b)  minute  articular  bi^anches  to  the  hinder  surface  of  the  capsule,  and  (c)  a 
terminal  branch  to  the  infraspinatus  which  passes  beneath  the  spino-glenoid 
ligament  to  its  destination.  These  branches  accompany  the  divisions  of  the 
suprascapular  artery. 

4.  Posterior  thoracic  nerve,  or  external  respiratory  nerve  of  Bell, 
arises  by  three  roots,  one  from  the  fifth  along  with  the  rhomboid  nerve, 
joined,  as  it  emerges  from  the  middle  scalenus,  by  a  twig  from  the  sixth,  and 
lower  down,  though  not  constantly,  by  one  from  the  seventh.  It  descends 
vertically  behind  the  axillary  artery  upon  the  outer  surface  of  the  serratus 
magnus,  to  which  it  is  distributed,  its  course  being  parallel  to  the  posterior 
axillary  line.  The  filaments  from  the  fifth  supply  the  upper  part  of  the 
muscle ;  from  the  fifth  and  sixth,  the  middle  part ;  while  those  of  the  sixth 
and  seventh  supply  the  lower  part  (fig.  371,  28). 

5.  External  anterior  thoracic  nerve  arises  by  one  filament  from  the 
anterior  division  of  the  upper  trunk,  and  by  two  from  the  anterior  divisions  of 
the  middle  and  inferior  trunks.  It  gives  off  a  lai'ge  communicating  branch  to  the 
next,  and  pierces  the  thin  part  of  the  costo-coracoid  membrane  with  the  pectoral 
branch  of  the  thoracico-acromial  artery  to  supply  the  clavicular  and  upper  sterno- 
costal fibres  of  the  great  p>ectoral. 

6.  Internal  anterior  thoracic  nerve  (8  c.)  passes  between  the  axillary 

artery  and  vein,  joins  the  communicating  branch  of  the  last,  passes  under  the 
lesser  pectoral  which  it  supplies,  and  sends  filaments  to  the  deep  sterno-costal 
part  of  the  great  pectoral. 

7.  Circumflex  nerve,  a  large  cord,  arises  from  the  posterior  division 
of  the  uppermost  trunk  and  sinks  with  the  posterior  circumflex  artery  through 
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Fig.  376. — Diagram  of  the  distribution  of  the 
circumflex  nerve. 


Fig.  377.— Serratus  magnus, 
showing  its  tripartition. 


the  quadrilateral  space,  in  which  it  divides  into  three  branches :  {a)  one  to  the 
teres  minor,  dilated  shortly  after  its  oi'igin  into  a  pseudo-ganglion  (Hg.  376,  -y),  a 
reddish  thickening  of  the  perineurium  ;  (b)  a  cutaneous  branch  which  emerges 
about  the  middle  of  the  hinder  edge  of  the  deltoid  and  supplies  the  skin  over 
that  muscle ;  (c)  a  large  and  often  divided  branch  to  supply  the  deltoid  muscle. 
Two  small  branches  supply  respectively  the  front  and  the  inferior  parts  of  the 

18 
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capsule,  another  is  distributed  to  the  greater  tuberosity  of  the  humerus  and 
the  wall  of  the  bicipital  groove. 

8.  Upper  subscapular  nerve,  very  short,  arises  from  the  posterior 
division  of  the  uppermost  trunk,  some  distance  above  the  last,  and  divides  into 
branches  in  the  upper  and  middle  parts  of  the  subscapularis  with  the  upper 
subscapular  artery. 

9.  Middle  subscapular  ai"ises  from  the  united  posterior  divisions  of  the 
upper  and  middle  trunks,  below  the  last  but  above  the  circumflex.  It  descends 
close  to  the  subscapularis,  the  lower  third  of  which  it  supplies,  and,  passing 
downwards,  ends  in  the  teres  major  muscle. 

10.  The  long"  Subscapular,  from  the  posterior  division  of  the  middle  and 
lower  trunks,  sometimes  appears  to  arise  above  the  last,  and  descends,  crossing 
the  subscapular  artery  to  end  in  the  latissimus  dorsi  (fig.  371,  27). 

165.  The  TERMINAL  BRANCHES  are:— 

A.  From  the  outer  cord — 

11.  The  nerve  to  the  coraco-brachialis  (7  c),  sometimes  a  branch  of  the  following. 

12.  The  musculocutaneous  (p.  280,  5~6c). 

13.  The  outer  head  of  the  median  (6-70.). 

B.  From  the  inner  cord — 

14.  The  inner  head  of  the  median  (p.  305,  8  c.  and  1  d.). 

15.  The  ulnar  (p.  307,  8  c.  and  1  </.). 

16.  The  internal  cdtaneocs  (p.  280,  8c.  and  1  d. ). 

17.  The  lesser  internal  cutaneous  (i  d.). 

C.  From  the  posterior  cord — 

18.  The  musculo-spiral  (6-7-80-.  and  1  d.,  pp.  281,  298). 

The  nerve  to  the  COraCO-brachialiS  enters  its  muscle  at  the  upper 
fourth  of  its  inner  side. 

The  two  heads  Of  the  median  unite  external  to  the  axillary  artery 
which  the  inner  head  crosses,  and  the  nerve  thus  formed  descends  along  the 
outer  side  of  the  artery. 

Its  component  nerve  bundles  are  arranged  in  a  plexiform  manner,  as  can  be  seen  when  the 
nerve  is  teased  out  (see  fig.  375). 

The  lesser  internal  cutaneous  nerve  lies  internal  to  the  axillary 

vein,  and  at  or  below  the  lower  edge  of  the  great  pectoral  muscle;  it  usually 
unites  with  the  posterior  division  of  the  lateral  cutaneous  branch  of  the  second 
dorsal  nerve.  The  compound  trunk  thus  formed  pierces  the  brachial  fascia 
and  supplies  the  skin  of  the  inner  side  of  the  arm  as  far  as  the  elbow. 

The  lateral  cutaneous  branch  of  the  second  intercostal  nerve  (inter- 
costo-humeral)  emerges  through,  or  in  front  of,  the  serratus  magnus  and  divides 
into  two  branches  behind  the  great  pectoral.  The  posterior  joins  the  last  as  above 
described,  the  anterior  pierces  the  axillary  fascia  to  supply  the  skin  of  the 
anterior  fold  of  the  axilla.  The  lateral  cutaneous  branch  of  the  third  dorsal 
nerve  also  emerges  through  the  serrattis  magnus  and  divides  into  anterior  and 
posterior  branches,  the  latter  supplying  the  skin  of  the  hinder  fold  of  the 
axilla.     The  former  is  lost  in  the  skin  of  the  side. 

166.  SERRATUS  MAGNUS  (fig.  377).— The  flat  muscle  which  forms  the 
inner  wall  of  the  axilla  arises  by  fleshy  tongues  from  the  nine  upper  ribs.  The 
upper  four  origins  are  under  the  great  pectoral  (fig.  371,  8),  the  lower  four 
indigitate  with  the  external  oblique  (ib.,  9).  The  fibres  converge  to  the  vertebral 
edge  of  the  scapula,  into  the  whole  length  of  which  they  are  inserted. 

The  muscle  is  divisible  into  three  parts.  The  slip  from  the  first  rib  is  joined  to  the  foremost 
origin  from  the  second  by  a  tendinous  arch,  and  the  quadrate  portion  thus  formed  is  inserted 
into  the  area  for  the  servatm  at  the  upper  angle  of  the  scapula  (fig.  220,  Sup.).  The  hinder  slip 
from  the  second  and  that  from  the  third  rib  make  the  weak  triangular  middle  portion  with 
diverging  fibres  inserted  into  the  tendinous  sling,  which  is  imperfectly  attached  to  the  vertebral 
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edge  of  the  scapula.  The  strong  lower  triangular  part  has  its  base  at  the  fourth  to  the  ninth 
ribs,  and  its  apex  at  its  insertion  into  the  inferior  angle  of  the  scapula  (fig.  220,  Inf.).  The 
fascicle  lengths  of  the  three  parts  are  respectively  9,  12,  and  15. 

The  serratus  magnus  lies  on  the  ribs,  intercostal  muscles  and  a  plane  of  con- 
nective tissue ;  it  is  covered  by  the  parts  in  the  axilla,  and  the  lateral  integu- 
ment. It  is  supplied  by  the  posterior  thoracic  nerve,  and  nourished  by  the 
superior  thoracic,  posterior  scapular,  and  thoracico-dorsal  arteries.  It  draws 
forward  the  scapula,  especially  its  lower  part,  rotating  it  around  a  central  axis. 
Or,  the  scapula  being  fixed,  it  can  act  as  a  muscle  of  inspiration. 

Serratus  magnus  is  essentially  a  muscle  of  the  upper  ribs  which  has  become  extended 
downward,  coincidently  with  the  tailward  displacement  of  the  scapula  in  higher  vertebrates. 
The  upper  part  is  the  primary  portion. 

Dissection. — Divide  the  serratus  2  cm.  from  the  scapula,  and  cut  the  axillary  artery 
and  brachial  j)lexus  on  the  level  of  the  clavicle  and  remove  the  arm  from  the  body. 

167.  SURFACE-MARKINGS  ON  THE  UPPER  LIMB.— The  most  important 
points  of  superficial  topography  on  the  detached  limb  besides  those  ah-eady 
noticed  (p.  262),  are  (1)  the  rounded  prominence  of  the  deltoid,  (2)  the  sub- 
cylindrical  swelling  of  the  biceps  on  the  front  of  the  arm,  (3)  the  inner  and 
outer  epicondyles  of  the  humerus  and  the  olecranon  at  the  elbow.  These  lie 
in  the  same  transvei'se  line  on  the  extended  arm,  but  in  flexion  the  lines  joining 
these  points  form  a  triangle  whose  apex  is  downwards  at  the  olecranon. 

(4)  The  extensor  muscles  covering  the  outer  epicondyle  make  a  prominence 
at  the  outside  of  the  elbow,  while  the  flexors  form  a  thicker  but  less  projecting 
mass  below  the  inner  epicondyle.     Between  these  and  the  bicipital  swelling  are 

the  outer  and  inner  bicipital  sulci,  which  converge  to  the  anteeubital 

fossa  in  front  of  the  elbow  into  which  the  biceps  tendon  sinks. 

(5)  The  ulna  is  superficial  along  the  postaxial  edge  of  the  forearm ;  the 
radius  can  be  felt  preaxially  for  its  lower  half.  The  positions  of  the  two 
styloid  pi'ocesses  should  be  noticed  in  pronation  and  supination.  (6)  Below 
and  in  front  of  the  radial  styloid  process  is  the  tubercle  of  the  scaphoid,  above 
the  ball  of  the  thumb  or  thenar  eminence.  Below  and  in  front  of  the  ulnar 
styloid  is  the  pisiform  bone  above  the  ball  of  the  little  finger  or  hypothenar 
eminence.  These  eminences  consist  respectively  of  the  short  muscles  of  these 
two  digits. 

(7)  A  line  from  the  middle  of  the  clavicle  to  the  middle  of  the  anteeubital 
fossa  marks  approximately  the  course  of  the  axillary  and  brachial  arteries. 
Lines  from  the  latter  point  to  the  scaphoid  and  pisiform  respectively,  nearly 
correspond  to  the  lines  of  the  radial  and  ulnar  arteries,  the  former  of  which  can 
be  felt  pulsating  during  life  for  the  lower  half  of  the  forearm.  (8)  The  three 
rows  of  knuckles  in  the  flexed  hand  consist  respectively  of  the  distal  ends  of 
the  metacarpals,  of  the  proximal  and  of  the  medial  phalanges. 

In  the  extended  supinated  arm  the  axes  of  arm  and  forearm  make  with  each  other  an 
angle,  salient  inwards  of  165°  in  the  female,  and  172°  in  the  male. 

Skin. — On  the  front  and  inner  side  of  the  arm  and  forearm  the  skin  is 
looser,  thin,  allowing  the  veins  to  shine  through,  and  more  sensitive,  with 
fewer  and  smaller  hairs  and  more  numerous  sweat  glands.  That  over  the 
biceps  is  so  fine  in  texture  that  it  was  selected  by  Tagliacozzi  as  the  most 
suitable  for  rhinoplastic  operations.  On  the  back  and  outside  ifc  is  thicker, 
more  adherent,  less  sensitive,  with  longer  hairs,  thirteen  to  the  sq.  cm., 
and  about  140  sweat  glands  in  the  same  area.  Over  the  olecranon  the  skin 
is  loose  and  transversely  wrinkled  in  the  extended  arm,  and  the  cuticle  is 
thick  and  rough.  The  skin  is  also  loose  on  the  back  of  the  first  interphalangeal 
joint,  and  transversely  wrinkled  though  not  loose  on  the  other  knuckles.  The 
skin  in  front  of  the   wrist  is  marked  by  transverse  lines  (rasceta)  where  it 
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is  tied  to  the  underlying  fascia.  In  the  palm  the  skin  is  similarly  tied  down 
by  fibrous  bands  along  depressed  lines,  which  are  the  lines  of  flexion.  The 
intervals  between  these  are  prominent  areas  in  which  the  spaces  between  the 
lines  of  adhesion  are  filled  by  granular  fat. 

The  line  limiting  the  thenar  eminence  (linea  vitalis)  corresponds  to  the  marginal  attach- 
ment of  the  palmar  fascia.  The  linea  cephalka  starts  below  this  on  the  level  of  the  first 
metacarpophalangeal  joint,  and  slopes  upwards  to  the  middle  of  the  fifth  metacarpal.  The 
linea  mensctlis  or  line  of  metacarpo-phalangeal  flexion  is  lower  on  the  extended  hand,  about 
I  cm.  above  the  line  of  the  joints,  and  from  it  vallecula*  pass  to  each  finger  corresponding  to 
the  lines  of  attachment  of  the  skin  to  the  sheaths  of  the  flexor  tendons.  Between  these 
are  the  interdigital  hillocks  named  from  thumb  to  little  finger,  eminentice  Veneris,  Jovis, 
Batumi,  Solis,  Mercur'd.  The  vertical  line  from  the  rasceta  to  the  vallecula  of  the  middle 
finger  is  the  linea  hepatica.  These  lines  vary  with  the  relative  lengths  of  the  metacarpals 
and  the  amount  and  disposition  of  the  fibres  of  the  palmar  fascia  and  fat.  They  are  present 
in  the  foetus  of  the  sixth  month. 

The  palmar  epidermis  is  usually  about  -8  mm.  thick  in  males,  but  varies 
with   occupation.      It  has   neither  hairs   nor   sebaceous  glands,   but  possesses 


Fig.  378.  —  Front  of  hand,  showing 
cutaneous  folds  and  their  relations 
to  the  vessels  and  the  bones;  the 
latter  shown  by  dotted  lines. 
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Fig.  379. — Back  of  hand,  showing- 
nails,  skin  folds,  and  areas  of  nerve 
distribution  (see  §§  185,  190). 


about  320  sweat  glands  in  each  sq.  cm.  The  dermal  papilla?  are  numerous, 
large  and  often  compound,  containing  touch  corpuscles.  On  the  soft  rounded 
pulps  of  the  last  joints  of  the  fingers  these  are  arranged  in  irregular  concentric 
ridges,  whose  pattern  varies  in  each  different  hand.  On  the  palmar  side  of  the 
interval  between  each  pair  of  fingers  is  a  sharp  fold,  the  plica  interdig'italis. 
Crossing  the  palmar  side  of  each  finger  at  its  base  are  transverse  flexion  folds, 
placed  about  17  cm.  below  the  metacarpo-phalangeal  joint.  These  are  single 
for  the  index  and  little  fingers,  double  for  the  two  others.  Similar  flexion  folds 
mai-k  the  skin  on  the  palmar  surfaces  of  the  other  finger  joints,  whereof  the 
second  is  always  double,  the  third  generally  single.  These  folds  are  in  the 
male  on  an  average  2-6  mm.  above  the  respective  joints,  in  the  female  1-5  mm. 
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On  the  back  of  the  first  phalanx  is  an  oval  patch  of  skin  bearing  hair  follicles, 
on  the  last  is  the  nail. 

168.  THE  NAIL  is  a  flattened  mass  of  superposed  lamella?  of  horny 
epidermal  cells  (fig.  380,  a)  representing  an  enormously  developed  stratum  luci- 
dum (p.  93),  over  the  base  of  which  is  a  soft  fold,  the  partially  developed  stratum 
corneum  or  eponychium  (ib.,  f).  Its  proximal  margin  is  sunk  under  a  fold 
of  skin,  the  nail-fold  ;  its  borders  are  overlapped  by  similar  folds,  the  nail- 
WallS  {ib.,  g),  but  its  distal 
end  is  free.  The  nail  rests 
on  a  vascular  and  sensitive 
nail-bed  of  corium  (ib.,  d), 
the  upper  lenticular  portion 

of  which  is  the  matrix, 

whose  papilla?  are  arranged 
in    long    ridges,    and     from 


3S0. — Horizontal  section  throi 
magnified. 
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which  the  nail  grows.  This 
matrix  is  extremely  vas- 
cular, and  its  arteries  appear 
to  communicate  here  and 
there  directly  with  the  veins. 
The  part  of  the  nail  which 
lies  011  the  matrix  is  the 
root,  and  it  appears  white 
and  opacpue  ;  it  projects  below  the  nail-fold  in  the  thumb  as  the  lunula,  but 
is  usually  covered  by  it  in  the  other  fingers.  The  root  differs  from  the  rest  of 
the  nail  in  possessing  a  stratum  spinosvm  of  cells  with  closely  set  prickles,  as 
well  as  some  layers  of  granular  cells  between  these  and  the  stratum  lucidum, 
containing  a  substance  differing  from  eleidin.  The  nail-bed  below  the  matrix 
is  also  longitudinally  ridged. 

Development. — Each  nail  first  appears  iu  the  third  month  as  a  solid  mass  of  cells  of  the 
stratum  lucidum  growing  downwards  in  the  nail-fold  under  the  stratum  corneum.  They 
burst  through  this  in  the  sixth  month,  and  in  the 
seventh  begin  to  have  a  free  lower  edge.  A  nail 
grows  from  the  fold  to  the  free  border  in  from  one  to 
eight  months,  rapidly  in  youth,  slower  in  old  age. 
That  of  the  ring  finger  usually  grows  the  quickest. 

The  growth  of  the  nail  sympathises  with  the  con- 
dition of  health  ;  during  acute  diseases  it  is  checked, 
and  a  transverse  furrow  forms  on  the  nail,  due  to 
this  stoppage  of  growth.  In  scrofulous  and  phthisical 
persons  the  nails  are  incurved  and  clubbed.  This 
condition  characterises  the  hippocratlc  hand. 

Dissection.  —  Divide  the  skin  by  a  vertical 
median  incision  along  the  front  of  the  arm  down  to 
the  front  of  the  wrist,  where  it  is  to  be  divided 
transversely.  Reflect  the  two  flaps  of  skin  laterally. 
The  superficial  fascia  usually  contains  much  fat  ex- 
cept over  prominent  points.  There  is  a  bUPSa  over 
the  olecranon,  and  a  second  is  occasionally  present  over  the  inner  epicondyle,  and  one 
over  the  ulnar  styloid  process.     Expose  the  superficial  veins  and  nerves. 

169.  THE  SUPERFICIAL  VEINS  of  the  hand  form  three  more  or  less 
united  plexuses  which  lie  respectively  (a)  on  the  back  of  the  radial  side  of  the 
hand,  (5)  on  the  back  of  the  ulnar  side,  and  (c)  on  the  front  of  the  Wrist. 
The  circulation  in  the  fingers  is  peculiar  in  that  the  arteries  are  deep  and 
palmar  while  the  veins  are  superficial  and  dorsal,  forming  arches  on  the  backs 
of  the  first  phalanges ;  these  end  in  the  two  dorsal  plexuses  which,  therefore, 
receive  most  of  the  blood  returning  from  the  fingers.    The  internal  dorsal  plexus 


Fig.  381.— Vertical  section  through 
ungual  phalanx  of  little  finger,  x  2 — 
w,  root ;  m,  matrix ;  p,  pulp  of 
finger ;  s,  nail-bed. 
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is  formed  by  the  union  of  a  vein  from  the  little  finger  (v.  salvatella),  with  veins 
from  the  third  and  fourth  interdigital  cleft.  The  external  by  the  junction  of 
one  from  the  thumb  (v.  cephalica  pollicis),  with  veins  from  the  index  and 
middle  fingers.  From  the  internal  dorsal  plexus  two  veins  ascend,  a  small  an- 
terior superficial  ulnar,  and  a  larger  posterior  superficial  ulnar.  These 
unite  above  the  elbow,  and  form  the  basilic  vein  which  ascends  in  the  inner 
bicipital  sulcus  to  the  middle  of  the  arm,  where  it  pierces  the  brachial  fascia 
and  joins  the  inner  vena  comes  of  the  brachial  artery  to  form  the  axillary  vein. 

From  the  plexus  in  front  of  the  wrist  a  median  vein  ascends  on  the  front 
of  the  forearm,  and  receives  at  the  bend  of  the  elbow  a  deep  branch  (mediana 

profunda),  formed  by  the  union  of 
the  outer  vena  comes  of  the  ulnar 
artery  with  muscular  and  radial 
recurrent  veins.  Above  this  the 
median  divides  into  two  branches — 
(i)median  basilic,  largerand  more 
horizontal,  running  upward  and  in- 
wards over  the  bicipital  fascia, 
which  separates  it  from  the  brachial 
artery,  uniting  above  either  with 
the    anterior   ulnar   or   the   basilic 
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This  is  the  vein  from  which  it  is  most 
easy  to  bleed,  and  hence  its  relative  ana- 
tomy should  be  closely  observed. 

(2)  The  median  cephalic, 

smaller,  external  and  more  vertical, 
ascends  over  the  external  cutaneous 
nerve  and  joins  the  next  in  the  ex- 
ternal bicipital  sulcus. 

The  superficial  radial  vein 

ascends  from  the  radial  dorsal  plexus 
of  the  hand,  along  the  outer  side  of 
the  forearm,  and  unites  with  the 
last,  forming  the  cephalic  vein  which 
passes  along  the  outer  edge  of  the 
biceps,  between  it  and  the  deltoid, 
and  then  between  the  deltoid  and 
the  great  pectoral,  finally  dipping 
through  the  costo-coracoid  mem- 
brane below  the  clavicle  to  cross 
the  axillaiy  artery  and  end  in  the 
axillary  vein  (§  160). 

These  veins  are  variable  in  relative  size 
and  arrangement.  The  basilic  is  the  stem 
towards  which  all  at  first  convei'ged,  and  the  radial  originally  crossed  from  without  at  the 
elbow  to  join  it,  receiving  in  its  course  the  median  and  a  descending  branch  from  the  outer 
bicipital  sulcus.  The  adult  form  of  the  cephalic  vein  is  a  secondary  development  due  to  the 
dilatation  of  a  communication  between  the  uppermost  radicle  of  this  descending  vein,  and 
one  of  the  thoracico-humeral  veins.  Intermediate  forms  are  common.  There  are  usually 
3  valves  in  the  basilic,  4  in  the  cephalic,  6  in  the  radial  plexus  and  radial  vein,  8  in  the  ulnar 
plexus  and  ulnar  veins,  7  in  the  median  plexus.  These,  however,  are  very  variable,  and 
better  marked  in  the  young.  They  usually  become  much  fewer  in  the  arm  of  the  labourer. 
There  are  no  superficial  veins  on  the  extension  side  of  the  elbow. 

170.  CUTANEOUS  NERVES  OF  THE  ARM  AND  FOREARM— The 

skin  over  the  upper  half  of  the  deltoid  is  supplied  by  the  outer  supraclavicular 


Fig.   382. — Superficial  veins  and  nerves   of  the 
front  of  the  forearm — commonest  arrangement. 
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CUTANEOUS  NERVES  OF  UPPER  LUMP. 
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nerve*  (4  c),  that  of  the  outer  side  of  the  arm  as  far  as  the  supracondyloid 
region  by  the  cutaneous  branch  of  the  circumflex  (6  c.)  which  emerges  behind 
the  deltoid.  That  of  the  inner  side  by  the  intercosto-humeral  (2  d.),  and  lesser 
internal  cutaneous  (1  d.)  The  skin  of  the  rest  of  the  arm  down  to  the  hand,  as 
shown  in  the  figure,  is  supplied  by  the  branches  of  the  nmsculo-spiral  (6,  7,  8  c.) 
of  the  internal  cutaneous  (8  c.  1  d.),  and  of  the  musculo-cutaneous  (5-6  c.) 

The  internal  cutaneous  nerve  descends  on  the  inner  side  of  the  brachial 
artery,  at  first  beneath  the  deep  fascia.     Opposite  the  insertion  of  the  great 

pectoral  its  first  branch  pierces  the  fascia  to 
end  in  the  skin  of  the  arm  wherein  it  is 
traceable  as  far  as  the  elbow.  The  main 
trunk  divides  into  two  branches  as  it  passes 
along  with  the  basilic  vein  through  the  hiatus 
semilunaris  in  the  brachial  fascia.  The  an- 
terior branch  passes  under  the  median  basilic 
vein,  and  is  distributed  to  the  skin  of  the 
inner  half  of  the  forearm  as  far  as  the  wrist, 
some  of  its  upper  filaments  crossing  the  median 
basilic  vein,  some  of  its  lower  crossing  the 
median  vein.  It  communicates  below  with  a 
branch  of  the  ulnar.  The  posterior  branch 
divides  into  three,  of  which  the  uppermost 
crosses  and  is  firmly  bound  down  to  the  front 
of  the  inner  epicondyle ;  the  two  lower  pass 
round  the  inner  side  of  the  forearm  to  supply 
the  skin  as  far  as  the  subcutaneous  area  of 
the  ulna  (figs.  384  and  385,  cm). 

The  museulo-CUtaneoUS  having  sepa- 
rated in  the  axilla  from  the  outer  head  of  the 
median  on  the  one  side,  and  (often)  from  the 
nerve  to  the  coraco-brachialis  on  the  other, 
pierces  the  coraco-brachialis  muscle  wherein 
it  will  hereafter  be  dissected.  It  then  crosses 
between  that  muscle  and  the  biceps,  and  de- 
scends outwards  between  the  biceps  and 
brachicdis  anticus,  entering  the  external  bici- 
pital sulcus  by  emerging  from  beneath  the 
outer  edge  of  the  biceps,  and  becoming  super- 
ficial under  the  median  cephalic  vein.  It 
finally  divides  into  two  bi'anches,  a  larger 
posterior,  which  supplies  the  skin  of  the  radial 
side  of  the  back  of  the  forearm,  communicating 
at  the  base  of  the  first  metacarpal  with  the 
radial  nerve ;  and  a  smaller  anterior  crossing 
the  radial  artery,  which  supplies  the  skin 
of  the  radial  side  of  the  forearm.  As  this 
nerve  leaves  the  coraco-brachialis  ib  gives 
off  a  large  branch  to  the  biceps,  below  which  arise  two  branches  for  the 
brachialis  anticus,  a  larger  inner  and  a  smaller  outer.  The  latter  sends  off 
filaments  to  the  elbow-joint,  while  the  former  sends  a  branch  into  the  bone 
with  the  nutrient  artery.  No  articular  filaments  come  from  the  nerve  to  the 
biceps.  The  posterior  terminal  branch  sends  articular  filaments  to  the  wrist  and 
the  preaxial  carpal  joints.      Its  cutaneous  area  is  shown  in  figs.  384  and  385,  cl. 

*  The  number  after  each  nerve  refers  to  the  spinal  source  from  which  these  filaments  are 
ultimately  derived,  c  =  cervical,  &c. 
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Fig.  386. — Diagram  of  the  course 
and  distribution  of  the  musculo- 
cutaneous nerves. 
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171.  THE    CUTANEOUS   FILAMENTS   OF    THE    MUSCULO-SPIRAL 

(§§  i^>5j  i^6)  are  two,  posterior  internal  or  superior,  and  posterior  external  (tig. 
405).  The  internal  arises  in  the  axilla  on  the  level  of  the  lower  edge  of  the 
latissimus  clorsi  tendon,  and  pierces  the  fascia  to  supply  the  strip  of  skin  behind 
the  area  of  distribution  of  the  intercosto-hurneral  nerve.  The  external,  which 
arises  while  the  nerve  is  in  the  musculo-spiral  groove,  divides  into  two  branches 
which  may  arise  independently  and  which  always  pierce  the  fascia  separately. 
The  superior  becomes  superficial  below  the  insertion  of  the  deltoid,  close  to  the 
cephalic  vein,  and  supplies  the  skin  of  the  arm  over,  and  external  to,  that  vein 
as  far  as  the  elbow.  The  inferior  is  larger  and  appears  superficially  close  to  the 
outer  intermuscular  septum.  It  sends  a  transverse  branch  outwards  and 
backwards,  and  descends  to  supply  a  narrow  strip  of  skin  over  the  superficial 
aspect  of  the  ulna  between  the  areas  of  the  internal  cutaneous  and  the  musculo- 
cutaneous nerves  as  far  as  the  wrist  (fig.  385,  cps  and  cpi). 

It  should  be  borne  in  mind  that  there  is  no  hard  line  between  these  distribution  areas  of 
cutaneous  nerves,  but  around  each  tract  there  is  an  area  of  skin  supplied  conjointly  by  the 
two  or  more  contiguous  nerves.  In  other  words,  the  areas  of  distribution  of  the  several 
nerves  overlap  each  other. 

172.  THE  LYMPHATICS  of  the  arm,  the  largest  of  which  are  superficial, 
arise  in  close-meshed  plexuses  on  the  back  of  the  hand  and  ascend  in  three  sets. 
The  lai'gest  set  of  these  converge  to  the  ulnar  side  of  the  forearm  and  ascend  in 
front  of  the  posterior  ulnar  vein  as  far  as  the  inner  bicipital  sulcus,  where 
they  pass  into  a  small  gland  placed  4  cm.  above  the  inner  epicondyle  and  close 
to  the  basilic  vein.  Into  this  gland  also  the  second  set  or  palmar  superficial 
lymphatics  pass,  which  have  ascended  on  the  ulnar  side  of  the  forearm  internal 
to  the  median  vein.  The  lymphatics  from  the  radial  side  unite  with  these 
crossing  inwards  obliquely. 

From  the  gland  three  trunks  ascend,  pierce  the  hiatus  semilunaris,  and  end 
in  the  lowest  of  the  pectoral  glands  in  the  axilla.  The  third  set  of  lymphatics 
are  deep  and  accompany  the  deep  vessels ;  they  usually  end  in  a  small  deep 
gland  between  the  pronator  teres  and  brachialis  anticue,  from  which  a  large 
lymphatic  ascends  with  the  inner  brachial  vena  comes  (fig.  370,  h). 

173.  THE  DEEP  FASCIA  of  the  arm  (fig.  383)  is  exposed  by  removing 
the  superficial  fascia  and  its  veins  and  nerves  from  the  limb  as  far  as  the  elbow. 
The  deep  fascia  begins  above,  along  the  vertebral  edge  of  the  scapula,  over  the 
infraspinatus,  where  it  is  strengthened  by  arching  fibres  continuous  with  the  edge 
of  the  trapezius.  It  splits  into  two  layers  at  the  hinder  edge  of  the  deltoid,  a 
stronger  superficial  lamina  which  is  adherent  to  the  tendon  of  origin  of  that 
muscle,  between  whose  fascicles  it  sends  sheaths,  and  a  deeper,  weaker  layer  con- 
tinued under  the  deltoid  on  the  infraspinatus  to  the  front  of  the  shoulder,  where 
it  forms  the  superficial  wall  of  the  great  subacromial  bursa  ;  over  this  it  becomes 
continuous  with  the  anterior  edge  of  the  coraco-acromial  ligament,  whose  hinder 
border  is  continuous  through  weak  areolar  tissue  with  the  fascia  covering  the 
supraspinatus  muscle.  Downward,  this  fascia  is  continued  over  the  front  of  the 
shoulder-joint,  as  the  semi-vagina  humeri  (fig.  388),  and  its  backward  pro- 
longation beneath  the  coracoid  over  the  subscapulars  forms  the  subscapular 
fascia.  Beneath  the  great  pectoral  muscle  it  is  continuous  into  the  outmost 
jrnrt  of  the  costo-coracoid  membrane,  as  it  descends  from  sheathing  the  lesser  pec- 
toral, and  along  the  lower  border  of  the  pectoral  the  deep  and  superficial  layers 
of  the  fascia  unite  in  the  axillary  fascia.  It  receives  an  accession  of  fibres  from 
the  great  pectoral  and  deltoid,  and  descends  on  the  arm  as  a  close  envelope  for 
its  muscles,  sending  to  each  intermuscular  ridge  of  the  humerus  a  strong 
double-layered  intermuscular  Septum.  The  outer  of  these  is  strong  above, 
and   forms   an   archway  over   the   musculo-spiral    groove,    through   which   pass 
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the  nerve  of  that  name  and  the  superior  profunda  artery.  This  septum  is 
continued  upwards  between,  and  is  inseparable  from,  the  origin  of  the  brachialis 
and  triceps,  and  its  upper  fibres,  interrupted  by  the  deltoid,  form  the  external 
fraenum  SUSpenSOrium,  attached  to  the  great  pectoral  tendon  (§  158). 

The  external  intermuscular  septum  divides  below  into  two 

prolongations,  the   more   distinct  of  which   separates   the  long  supinator 
the  triceps,  the  weaker  separates  it  from  the  hrachialis,  and  is  lost  below. 

The  internal  intermuscular  septum  is  strongest  above  the  inner 
epicondyle,  becoming  weak  near  the  coraco-brachialis  to  whose  tendon  it  is 
attached,  and  from   which  it  is  prolonged  upwards  as  a  fibrous  arch  over  the 

tendon  of  the  teres  major.  Some  fibres  of  it  are 
prolonged    upwards    to    the    lesser    tuberosity    and 

shoulder  capsule   as   a  frsenum    suspensorium 

internum.  This  septum  is  pierced  by  the  ulnar 
nerve,  the  inferior  pi*ofunda  and  anastomotic  arteries, 
and  passes  behind  the  pronator  teres.  In  front  of 
this  septum  in  the  middle  of  the  arm  there  is  an 
oval  opening  in  the  deep  fascia  (hiatus  semi- 
lunaris) for  the  basilic  vein  and  its  accompanying 
nerves  and  lymphatics.  The  fasrcfa'  sends  an  areolar 
septum  between  the  biceps  and  brachialis  which 
sheathes  the  brachial  artery  and"  binds  it  to  the 
surface  of  the  latter  below. 


Fig-  387.  — I  he  bicipital 
groove  and  the  fascial  re- 
lations of  the  tendons  that 
border  it — 7,  teres  major; 
S,  great  pectoral. 


A  strong  fibrous  band  in  front  of  this  septum  sometimes 
arches  over  the  median  nerve  and  gives  origin  by  its  deep 
surface  to  the  upper  slip  of  the  pronator  teres.  When  the 
humeral  attachrrent  of  this  is  ossified  it  forms  the  SUpra- 

eondyloid  process. 

As  the  fascia  descends  in  front  of  the  elbow,  it  is 
strengthened  by  a  strong  expansion  derived  from 
the  biceps  tendon  which  stretches  downwards  and 
inwards  over  the  muscles  which  ai'ise  from  the  inner  epicondyle  to  be  lost  in 
the  fascia  of  the  forearm.  Its  upper  border  is  sharp  and  crescentic,  crossed  by 
the  basilic  vein.  Its  lower  border  is  defined  by  the  hole  for  the  deep  median 
vein.  This  expansion  is  named  the  semilunar  or  bicipital  fascia.  The 
median  basilic  vein  and  the  internal  cutaneous  nerve  overlie  this  fascia,  the 
brachial  artery  underlies  it.  Throughout  the  arm  the  fascia  consists  of  a 
superficial  layer  of  circular  fibres,  and  a  deeper  of  longitudinal. 

Dissection. — Remove  the  fascia  from  the  surface  of  the  infraspinatus  and  deltoid 
muscles. 

174.  DELTOID  (figs.  353,  368],  triangular  and  coarsely  fasciculated,  arises 
from  the  lower  and  outer  edges  of  the  outer  two-thirds  of  the  scapular  spine, 
of  the  acromion,  and  of  the  outer  third  of  the  clavicle;  it  is  inserted  into  the 
deltoid  tuberosity  of  the  humerus. 

Its  origin  from  the  spine  begins  at  the  tuberculum  spinas  and  consists  of  fleshy  and  short 
tendinous  fibres  between  the  enclosing  layers  of  fascia.  The  clavicular  origin  is  mostly 
fleshy.  The  acromial  portion  consists  of  eleven  fascicles.  From  the  four  marginal  tubercles 
of  the  acromion  there  arise  as  many  tendons  which  are  united  by  a  thin  aponeurosis  covered 
on  each  surface  by  fleshy  fibres.  The  insertion  is  by  four  planes  of  tendons  which  converge 
below  and  are  attached  to  the  four  ridges  of  the  deltoid  tuberosity  of  the  humerus.  To  the 
sides  of  each  tendon  of  origin  and  insertion  muscular  fascicles  are  attached  in  a  bipenniform 
manner,  and  the  fleshy  fibres  from  the  apex  of  each  tendon  of  origin  are  inserted  fleshily  into 
the  humerus  between  the  tendons  of  insertion  and  vice  versa.  By  this  arrangement  the 
number  of  fibres  per  sq.  cm.  of  cross-section  is  increased  threefold,  and  the  fibres  are  of  the 
proper  functional  length.  The  three  parts  of  the  deltoid  can  act  separately  in  raising  the 
arm  in  different  directions.  The  scapular  part  can  only  raise  it  through  an  angle  of  45°,  the 
acromial  and  the  clavicular  through  90°. 
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The  anterior  border  is  contiguous  to,  and  below  confluent  with,  the  great 
pectoral.  The  cephalic  vein  and  humero-thoracic  artery  lying  superficially  in 
the  groove  between  them  (Mohrenheimer's  space). 

The  deltoid  is  supplied  by  the  circumflex  nerve  (5  and  6  c.)  which  enters 
its  under  surface  posteriorly,  the  nerve  dividing  into  three  branches  before 
entering  the  muscle.  It  is  nourished  by  branches  of  the  posterior  circumflex 
and  thoracico-humeral  arteries  and  by  the  rete  acromiale. 

Dissection. — Detach  the  deltoid  from  its  insertion  and  reflect  it.  Two  large  bursas 
underlie  the  muscle,  one  between  its  deep  surface  and  the  greater  tuber<  sity  of  the  humerus; 
the  second  extends  under  the  acromion.  These  frequently  communicate  with  each  other, 
and  occasionally  with  the  shoulder.  The  deltoid  covers  the  infraspinatus  and  teres  minor,  the 
circumflex  vessels  and  nerves,  the  coracoid  process  and  the  muscles  attached  thereto,  the 
coraco-acromial  and  capsular  ligaments  and  the  outer  portion  of  the  humerus  below  the 
great  tuberosity  (fig.  388).     Remove  the  deep  portion  of  the  infraspinous  fascia. 


Fig.  388. — Parts  covered  by  the  clavicular  portion  of  the  deltoid — C'al.,  coraco-acromial 
ligament;  C.cl.,  coraco-clavicular  membrane;  F.S.W.,  attachment  of  the  frsenum 
suspensorium  from  the  latissimus  dorsi  (Winslow's) ;  F.S.M.,  frsenum  suspensorium 
of  the  pectoral  (M 'Dowel's). 

175.  SCAPULAR  MUSCLES.— Infraspinatus  (fig.  389),  triangular  and 

superficially  tripartite,  Alls  most  of  the  infraspinous  iossa.  Its  upper  part  arises 
from  the  lower  surface  of  the  scapular  spine,  and,  descending  outwards,  overlaps 
the  middle  portion  which  arises  from  the  posterior  half  of  the  infraspinous  fossa. 
The  lowest  part  springs  from  the  hinder  surface  of  the  oblique  infraspinous 
line  (p.  135).  The  middle  fibres  converge  to  a  tendon  which  begins  about  the 
middle  of  the  fossa,  and  into  which  the  upper  and  lower  portions  are  also 
inserted.  The  tendon  crosses  and  often  adheres  to  the  capsule  of  the  shoulder, 
though  sometimes  a  bursa  intervenes.     It  is  inserted  into  the  middle  facet  of 
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the  o-reat  tuberosity  of  the  humerus,  which  it  can  rotate  outwards.     The  infra- 
spinous  artery  and  nerve  (5  c.)  enter  its  deep  surface. 

Teres  MinOP  (fig-  389). — A  small  deep  muscle,  originally  a  dismemberment 
of  the  deltoid,  arises  by  a  pointed  fleshy  origin  between  two  tendinous  planes 
from  the  upper  area  between  the  oblique  infraspinous  line  and  the  posterior 
axillary  lip  of  the  scapula  as  far  as  the  infraglenoid  tubercle.     It  is  inserted 

by  a  tendon  into  the  lowest  facet  of 
the  greater  tuberosity  of  the  humerus, 
and  by  very  short  tendinous  and  fleshy 
fibres  into  the  bone  beneath  that  pro- 
cess. It  is  supplied  medially  and  in 
front  by  the  pseudo-gangliated  branch 
of  the  circumflex  nerve  (5  c),  and  is 
nourished  by  the  posterior  circumflex 
and  dorsal  scapular  arteries,  the  latter 
of  which  winds  beneath  it.  It  co- 
operates with  the  infraspinatus,  from 
which  it  is  usually  separated  by  a 
weak  fascial  sep^hvrn,  and  lies  on  the 
long  head  of  tl^BHl^^.s,  the  edge  of 
the  subseapularij^uB the  capsule  of 
the  shoulder-joint^ 

Teres  major  (figs.  389 ;  390,  10) 

arises  from  the  lower  area  included 
between  the  same  scapular  lines  as  the 
last,  and  from  the  neighbouring  part  of 
the  sui'face  of  the  infraspinous  fascia 
which  it  overlaps.  It  is  inserted 
into  the  inner  lip  of  the  bicipital 
groove  by  a  tendon  of  the  same  vertical  height  as  the  muscle.  Its  origin  is 
overlapped  behind  by  the  latissimus  dorsi,  which  passes  below  it,  and  whose 
tendon  lies  in  front  and  rises  above  the  level  of  its  lower  border.  These 
two  muscles  form  the  hinder  fold  of  the  axilla.  The  under  edge  of  the 
latissimus  tendon  becomes  inseparable  from  the  front  surface  of  the  teres  major, 
but  a  bursa  intervenes  between  the  tendons  at  their  insertions,  and  a  second 
small  bursa  lies  behind  the  tendon  close  to  the  bone.  The  long  head  of  the 
triceps  is  behind  and  the  axillary  vessels  and  nerves  in  front  of  it.  The  teres 
major  is  a  specialised  scapular  part  of  the  same  sheet  as  the  latissimus  dorsi 
(p.  251),  and  is  innervated  by  the  middle  subscapular  nerve  (6-7  c). 

An  inconstant  scapular  supplemental  slip  produced  by  irregular  segmentation  sometimes 
arises  with  the  teres  major  and  is  inserted  with  the  latissimus. 

This  muscle  has  a  peculiar  skew  shape,  and  is  thickest  medially,  owing  to  the  different 
oblicpuities  of  its  upper  and  lower  fibres. 

Between  the  teres  major  and  minor  there  is  a  narrow  slit,  becoming  triangular  on  dissec- 
tion and  divided  hy  the  long  head  of  the  triceps  into  two  parts — (a)  a  triangle  containing 
the  subscapular  vessels,  and  (b)  a  quadrilateral  space  containing  the  posterior  circumflex 
vessels  and  nerve.  These  spaces  have  been  already  seen  on  their  ventral  surface,  but  there 
the  subscapularis  forms  their  upper  boundary  in  place  of  the  teres  minor. 

Dissection. — The  coraco-  and  acromio-clavicular  joints  and  the  coraco-acromial  ligaments 
should  now  be  examined  (p.  140),  after  which  the  clavicle  is  to  be  removed.  Beneath  the 
trapezius  a  considerable  supraspinous  fatty  pad  rounds  off  the  angularity  of  outline  of  the 
scapular  spine,  but  disappears  by  absorption  in  phthisis  and  disease  of  the  shoulder-joint. 
Under  it  is  the  supraspinous  fascia  consisting  chiefly  of  longitudinal  fibres  attached  to  the 
margin  of  the  fossa,  becoming  very  strong  as  it  arches  over  the  suprascapular  notch  where, 
being  reinforced  by  special  scapulo-coracoid  fibres,  it  forms  the  superior  ligament  of  the 
notch  (p.  136).  This  fascia  becomes  weak  as  it  approaches  the  shoulder,  but,  receiving  supple- 
mental fibres,  it  suddenly  strengthens  into  the  coraco-acromial  ligament.  Remove  this  fascia 
and  ligament  and  expose  the  subjacent  muscle. 


majoi 


Fig.  389. — Muscles  of  the  back  of  the  scapula. 
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SlipraspinatUS  (fig-  389)  fills  and  bulges  above  its  fossa,  from  the  inner 
half  of  which  it  arises,  as  well  as  from  nearly  the  whole  length  of  the  upper 
border  of  the  scapula  and  the  scapular  spine,  and  from  the  deep  surface  of  its 
investing  fascia.  Its  fibres  converge  to  a  tendon  which  passes  under  the  coraco- 
acromial  ligament,  beneath  the  subacromial  bursa,  and  is  inserted  into  the 
uppermost  facet  of  the  greater  tuberosity.  It  crosses  the  supraspinous  vessels 
and  nerve  (5  c.)  which  supply  it  and  the  capsular  ligament  to  which  it  is 
adherent.     It  co-operates  with  the  acromial  deltoid  in  raising  the  arm. 

Dissection. — The  dorsal  scapular  and  suprascapular  vessels  and  nerves  should  next  be 
traced  (p.  270)  by  dividing  the  supra-  and  infraspinous  muscles.  Draw  the  axillary  vessels 
and  nerves  outwards  and  remove  the  subscapular  fascia,  dissecting  it  from  the  shoulder 
towards  the  vertebral  edge  of  the  scapula. 

SllbSCapulariS. — A  compound  penniform  muscle  filling  the  fossa  of  that 
name  and  arising  from  its  floor,  with  the  exception  of  the  smooth  part  close  to 
the  scapular  neck  and  the  marginal  area  occupied  by  the  serratus  magnus.  From 
each  of  the  ridges  which  subdivide  the  fossa,  a  tendinous  plane  arises,  giving 


Fig.  390. — Subscapularis  muscle  and 
teres  major. 


Fig.  391. — Biceps  dissected  to  show- 
its  separate  constituents. 


origin  to  bipenniform  fascicles,  while  from  the  sulci  between  them  fleshy  fibres 
arise  which  soon  become  tendinous.  There  are  in  all  nine  such  fascicles  which 
converge  to  a  tendon  on  the  ventral  aspect  of  the  shoulder  below  the  coracoid 
process.  This  is  inserted  into  the  lesser  tuberosity  of  the  humerus  and  into 
the  capsule  of  the  shoulder-joint. 

A  constant,  but  not  always  separate  fascicle  ai-ises  from  the  groove  between  the  axillary 
lips  of  the  scapula,  and,  projecting  below  the  margin  of  the  bone,  is  inserted  fleshily  below 
the  lesser  tuberosity.     The  subscapularis  is  a  portion  of  the  same  sheet  as  the  latissimus. 

It  is  supplied  by  the  short  subscapular  nerve  (5  and  6  c.)  above,  and  by  the 
middle  subscapular  (6c.)  for  its  lowest  four  portions,  and  is  nourished  by  the 
short  subscapular  and  branches  of  the  long  subscapular  arteries. 

Its  tendon  underlies  the  short  head  of  the  biceps  and  the  coraco-brachialls,  from  the  deep 
surface  of  whose  origin  a  fibrous  band,  the  remains  of  the  coraco-brachialis  brevis  muscle, 
often  stretches  to  the  top  of  the  inner  lip  of  the  bicipital  groove.  A  bursa  occasionally 
intervenes  to  allow  these  muscles-  to  glide  over  the  subscapularis  tendon.  By  its  penniform 
arrangement  its  real  cross-section  is  more  than  double  its  apparent,  and  its  short  fibres  can 
rotate  the  humerus  inwards  with  a  cpuick  stroke,  depressing  the  arm  when  raised.  A  bursa 
developes  beneath  its  tendon  in  the  last  month  of  fcetal  life,  which  very  early  communicates 
with  the  joint,  so  that  on  raising  the  tendon  the  capsule  usually  appears  open.  Some  of  its 
fibres  arise  from  the  investing  fascia,  which  is  adherent  to  its  tendons  of  origin. 
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Dissection. — Remove  these  muscles  and  trace  to  their  terminations  the  scapular  vessels. 
The  shoulder-joint  should  also  be  dissected  now  (p.  144),  but  the  tendons  of  biceps,  coraco- 
brachialis,  and  triceps  must  be  left  uninjured.  Divide  the  brachial  fascia  along  the  middle  of 
the  biceps  and  reflect  it  from  the  surface  of  the  muscle,  sparing  the  bicipital  fascia  below. 

176.  BICEPS  arises  by  two  heads  which  remain  distinct  for  its  upper 
half.  The  long  head  begins  within  the  capsule  of  the  shoulder  as  a  flattened 
tendon  arising  from  the  supraglenoid  tubercle  and  the  glenoid  ligament. 
Having  arched  over  the  head  of  the  humerus  it  escapes  from  the  capsule 
through  the  bicipital  groove,  underlying  the  great  pectoral  tendon,  to  the  deep 
surface  of  which  it  is  tied  by  its  sheath  {Jag.  387,  9).  Below  the  pectoral  it  becomes 
fleshy,  and  about  the  middle  of  the  arm  unites  with  the  second  or  short  head. 
This  portion  arises  from  the  coracoid  process  by  fleshy  and  tendinous  fibres,  along 
with  the  coraco-brachialis,  separating  from  which,  it  becomes  fleshy,  and  joins 
the  long  head  in  front  of  the  brackialis  anticus  muscle.  At  the  antecubital 
fossa  the  fleshy  belly  tapers  suddenly  to  a  tendon,  from  the  front  of  which  the 
bicipital  fascia  (§  173)  originates,  and,  having  given  this  off,  it  sinks  into  the 
depth  of  the  fossa  to  be  inserted  into  the  lower  and  hinder  part  of  the  tubercle 
of  the  radius.  A  bursa  lies  between  it  and  the  front  of  the  tubercle,  and  a 
second  bursa  often  separates  it  from  the  oblique  ligament  (§  96)  which  crosses 
it.  It  is  supplied  by  a  branch  of  the  musculo-cutaneoujMMjve  (6  and  7  c.) 
which  divides  into  two  branches,  one  for  each  head. 
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The  inner  edge  of  the  biceps  is  the  surgeon's  guide  to  the  br;^B  Briery,  from  which 
two  branches  enter  the  muscle.  One  of  these  is  derived  from  the^vlts  aberrans  (p.  289). 
When  the  heads  are  separated  downwards  they  are  seen  to  end  as  a  bipenniform  muscle  in 
the  terminal  tendon.  Both  heads  arise  from  the  coracoid  element  of  the  shoulder-girdle,  and 
the  insertion  can  be  artificially  divided  into  two  planes,  a  superficial  derived  from  the  short 
head  and  a  deeper  from  the  long.  Fibres  from  both  enter  the  bicipital  fascia  which  is  the 
remains  of  a  cubital  flexor  lying  ulnawards  of  the  muscles  from  the  inner  condyle  (cf.  the 
popliteal  space,  §  364).  Early  in  the  third  mouth  of  foetal  life  the  tendon  of  the  long  head  of 
the  biceps  lies  in  a  duplicature  of  the  embryonic  capsule  and  is  extra-articular,  but  by  absorption 
of  the  underlying  tissue  it  rapidly  works  its  way  through  the  ligament,  the  sheath  of  capsule 
being  reduced  to  a  thin  membranous  layer  which  disappears  by  the  sixth  month,  except  as  a 
synovial  fold  tying  the  tendon  to  the  synovial  liuing  of  the  bicipital  groove. 

The  biceps  flexes  and  supiuates  the  forearm  :  it  can  also  protract  the  arm  and  make  tense 
the  fascia.     It  is  the  most  variable  muscle  in  the  body. 

Dissection.  —Divide  the  biceps  in  the  middle  and  reflect  it. 

177.  BRACHIALIS  ANTICUS  (figs.  392,  393,  396)  covers  the  front  of  the 
lower  half  of  the  humerus  (from  which  it  arises)  and  the  humero-ulnar  joint. 
Its  origin  stretches  upwards  by  short  processes,  one  on  either  side  of  the  deltoid 
tuberosity ;  its  inner  border  arises  also  from  the  inner  intermuscular  septum. 
The  nearly  parallel  fascicles  average  9  cm.  long,  are  supplied  through  the 
musculo-cutaneous  from  the  sixth  cervical  nerve  and  end  in  a  flat  tendon  which 
begins  superficially,  and  which,  along  the  outer  border,  is  reflected  into  the 
muscular  substance.  It  is  inserted  chiefly  by  tendon  into  the  tuberosity  of  the 
ulna,  into  a  rid^e  leading  to  the  inner  tubercle  of  the  coronoid  process,  and  by 
a  few  inner  fibres  into  the  capsule  of  the  elbow.  On  its  surface  lies  the  biceps, 
external  to  which  it  becomes  superficial,  internally  it  bears  the  brachial  vessels, 
median  and  musculo-cutaneous  nerves  on  its  surface.     It  flexes  the  elbow. 

The  outer  upper  process  of  origin  is  largely  tendinous,  attached  to  the  deltoid  tendon, 
and  to  a  small  extent  of  the  external  intermuscular  septum  above  the  musculo-spiral  groove  ; 
the  inner,  which  is  thin,  and  like  the  l'est  of  the  origin,  fleshy,  is  peculiar  to  man  and  his 
allies.  The  thin  part  arising  from  the  frout  of  the  outer  supracondyloid  area  is  overlapped 
internally  by  the  rest  of  the  muscle,  externally  by  the  supinator  longus.  In  the  groove 
between  these  muscles  the  musculo-spiral  nerve  descends,  lying  on  those  deeply  placed  fibres 
which  converge  to  the  reflected  part  of  the  tendon  and  supplying  them  with  filaments 
(7  c.)  The  insertion  is  2 "5  cm.  from  the  fulcrum,  and  in  complete  extension  its  resultant 
makes  an  angle  of  25°  with  the  axis  of  the  ulna.  Occasionally  the  musculo-cutaneo-us  nerve, 
or  a  plane  of  areolar  tissue,  separates  a  portion  of  its  head  from  the  rest  of  the  muscle,  and 
this  passes  forwards  to  join  the  biceps,  making  for  it  a  third  or  humeral  head. 


CORACO-BRACHIALIS. 
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178.  CORACO-BRACHIALIS  (fig.  392)  arises  by  a  tendon  from  the 
coracoid  process,  and  by  fleshy  fibres  from  the  contiguous  short  head  of  the 
biceps.  It  is  inserted  into  a  line  on  the  middle  third  of  the  humerus  in  front 
of  the  attachment  of  the  inner  intermuscular  septum,  and  above  the  foramen 


Gt.  tuber. 


Deltoid.  ■ 


Latissimus  dorm. 


Supinator  longus. 


Semilunar  fascia. 


Fig.  392. — Muscles  of  the  front  of  the  arm. 


Fig.  393. — Brachialis 
auticus. 


for  the  nutrient  artery.  It  is  covered  above  by  the  pectoralis  major,  and 
overlaps  at  first  the  axillary  and  brachial  arteries,  but  the  latter  lies  below 
upon  its  insertion.  It  has,  behind  it,  the  tendon  of  subscapularis,  of  latissimus 
dorsi  and  teres  major  and  the  inner  head  of  the  triceps.  The  tendon  is  attached 
to  the  inner  intermuscular  septum,  an  arch  of  which  is  continued  upwards 
over  the  tendon  of  the  latissimus  dorsi. 

The  muscle  is  divided  into  two  strata  by  the  musculo-cutaneous  nerve  which 
pierces  it,  the  superficial  part  being  the  larger  and  longer.  It  is  nourished  by 
a  branch  of  the  brachial  artery,  and  supplied  above  by  a  branch  from  the  outer 
cord  of  the  brachial  plexus  (7  c). 
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179  THE  BRACHIAL  ARTERY,  the  downward  continuation  of  the 
axillary"  {%  162)  descends  along  the  inner  side  of  the  coraco-brachialis  and  biceps 
which  overlap  'it,  to  the  antecubital  fossa,  ending  by  bifurcation  opposite  the 
head  of  the  radius.  It  lies  at  first  internal,  then  anterior  to  the  shaft  of  the 
humerus,  and  is  covered  by  skin  and  fascia,  crossed  in  its  middle  from  without 
inwards 'by  the  median  nerve  which  closely  accompanies  it,  and  near  its- 
division  is  covered  by  the  bicipital  fascia.  It  lies  on  the  inner  head  of  the 
triceps,  musculo-spiral  nerve,  the  insertion  of  coraco-brachialis,  and  the  brachialis 

anticus,  to  which  it  is  tied  by  its 
(O  areolar  sheath.     The  two  brachial 

veins  (vence  comites),  one  on  either 
side,  are  joined  by  many  cross 
branches — the  inner,  which  is  the 
larger,  is  formed  by  the  union  of 
the  ulnar,  interosseous,  and  in- 
ferior profunda  veins,  and  joins 
the  basilic  after  it  has  pierced  the 
fascia;  the  outer  or  smaller  is 
formed  by  the  radial  and  muscular 
veins,  and  ascends  to  the  axilla. 
The  ulnar  an4  internal  cutaneous 
nerves  lie  internal  to  the  artery, 
as  also  does  the  median  nerve  for 
the  lower  half  of  the  arm.  It 
receives  its  vasomotor  filaments 
from  the  musculo-cutaneous  nerve. 
The  branches  of  the  brachial 
artery  are  : — 

1.  Superior  profunda,  which 

arises  below  the  teres  major  and 
sinks  with  the  musculo-spiral 
nerve  between  the  long  and  inner 
heads  of  the  triceps  into  the  mus- 
culo-spiral groove,  and,  having 
descended  externally  between  the 
triceps  and  brachialis  and  between 
triceps  and  supinator  longus,  ends 
behind  the  outer  epicondyle  in 
the  rete  olecrani.  On  its  way  it 
gives  off  the  following  branches — 
(a)  communicating,  ascending  be- 
hind teres  major  to  join  the  posterior  circumflex.  This  may  become  dilated 
so  as  to  serve  as  a  stem  for  the  circumflex  or  for  the  profunda  when  the 
normal  source  of  either  is  occluded;  (b)  nutritious,  to  the  upper  end  of  the 
humerus,  entering  the  bone  under  the  outer  head  of  the  triceps  ;  (c)  muscular, 
to  the  long  head  of  the  triceps;  (d)  cutaneous,  with  the  inner  cutaneous 
branch  of  the  musculo-spiral  nerves ;  (e)  cubital,  descending  through  the 
outer  head  of  the  triceps  which  it  supplies,  and  ending  in  the  rete 
olecrani;  (f)  muscular,  to  the  inner  head  of  the  triceps ;  (g)  anterior  terminal, 
which  descends  with  the  radial  nerve  between  the  brachialis  and  the  supinator 
longus  to  anastomose  with  the  radial  recurrent  in  front  of  the  outer 
epicondyle. 

2.  Inferior  profunda  arises  below  or  with  the  last,  and  accompanies  the 
ulnar  nerve  backwards  and  downwards  through  the  inner  intermuscular 
septum,  lying  on  the  inner  head  of  the  triceps  which  it  supplies,  and.  ending 
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Diagram  of  course  and  branches  of 
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behind  the  inner  epicondyle  in  the  rete  olecrani,  one  large  branch  anastomosing 
with  the  posterior  ulnar  recurrent.  ..,..,.... 

3.  MllSCUlaF,  variable  in  number,  but  usually  eight,  passing  to  the  several 
contiguous  muscles. 

4.  NutPitiOUS,  arises  usually  from  the  upper  muscular  branch  to  the 
brachialis  and  descends  in  the  nutritious  foi'amen  to  supply  the  bone. 

5-  VaS  aberrans,  usually  present,  but  often  as  a  minute  vessel  not 
admitting  of  complete  injection,  arises  close  to  or  with  the  superior  profunda, 
and  descends  over  the  median  nerve,  supplying  the  biceps.  Its  downward  con- 
tinuation, when  present,  joins  either  the  radial  artery,  or  more  rarely  the  ulnar, 
and  may  be  minute,  moderate  or  large  enough  to  replace  and  simulate  the 
brachial  which  then  appeal's  to  overlie  the  median  nerve.  When  of  moderate 
size  it  may  replace  the  brachial  origin  of  the  radial  (rarely  the  ulnar),  giving 
rise  to  the  common  condition  called  the  high  bifurcation  of  the  brachial ;  the 
aberrans  occasionally  communicates  with  the  next. 

6.  AnastOITlOtica. — This  arises  on  the  inner  side  about  6  cm.  above  the  bi- 
furcation and  divides  into  two  branches,  an  anterior  which  descends  between  the 
brachialis  and  pronator  teres  in  front  of  the  inner  epicondyle  to  anastomose  with 
the  anterior  ulnar  recurrent,  and  a  posterior  which  piei'ces  the  intermuscular 
septum  to  join  the  rete  olecrani.  The  terminal  branches  of  the  brachial  are 
radial  and  ulnar. 

The  brachial  artery  is  liable  to  fcetal  occlusions,  in  which  case  the  aberrans  or  some  other 
of  its  collateral  anastomoses  may  dilate  and  replace  the  normal  brachial. 

Dissection. — Remove  the  fascia  from  the  back  of  the  arm,  leaving  the  intermuscular, 
septa  attached  to  the  bone,  aud,  having  examined  the  olecranon  bursa,  clean  the  trhtps. 

180.  TRICEPS  EXTENSOR  CUBITI  (figs.  389,  392).— The  sole  extensor 
of  the  elbow-joint  occupies  the  back  of  the  arm  and  arises  by  three  heads.  The 
long"  OP  middle  head  springs  by  a  strong  tendon,  whose  sheath  is  closely 
connected  to  the  capsule  of  the  shoulder,  from  the  infraglenoid  tubercle  of  the 
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Fig.  395. — Section  through  arm  at  the  level  of  the  upper  part  of  the  insertion  of  the  deltoid. 


scapula  and  the  axillary  margin  below  it.  The  tendon  is  thick  in  front,  but 
thins,  and  becomes  mixed  with  fleshy  fibres  behind.  Seen  from  behind  it 
underlies  the  teres  minor,  but  crosses  the  teres  major,  dividing  the  scapular 
triangle  from  the  quadrilateral  space,  and,  becoming  tendinous,  it  unites  with 
the  other  heads  and  is  inserted  by  tendon  into  the  upper  surface  of  the 
olecranon. 

The  outer  head  (fig-  395)  arises  along  a  line  which  begins  below  the 
insertion  of  the  teres  minor,  and  descends  thence  to  the  upper  edge  of  the 
musculo-spiral. groove.     Its  origin  is  tendinous  and   closely  connected  below  to  J 
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the  intermuscular  septum,  which  here  forms  a  fibrous  arch  over  the  musculo- 
spinal nerve,  from  which  the  lower  fascicles  of  the  muscle  arise.     This  part  of 
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Fig.  396. 


-Section  through  arm  below  the  insertion  of  the  deltoid — is.,  internal 
intermuscular  septum. 


the  muscle  is  closely  joined  to  the  long  head  below  and  inserted  into  the  deep 

surface  of  its  tendon  and  into  its  lateral  extension. 

The  inner  head  arises  from  the  whole  breadth  of  the  back  of  the  humerus 

below   the    musculo-spiral    groove,   nearly  as  far  as   the   condyles,    its   origin 

beginning  narrow,  below  the  insertion  of  the  teres 
major,  where  it  is  attached  to  the  back  of  the 
intermuscular  septum.  Most  of  its  fibres  pass 
obliquely  into  the  deep  surface  of  its  tendon  of 
insertion,  but  some  are  inserted  independently  into 
the  oleci-anon. 

The  long  tendon  at  its  origin  is  usually  joined  by  a 
band  of  variable  strength  to  the  fatixsimus  dorsi,  the  de- 
generated dorsi-epitrochlearis  muscle  of  mammals.  From 
the  front  of  the  long  tendon  some  fibres  of  the  subscapulars 
arise.  This  tendon  of  origin  is  flattened  with  its  edges  fore 
and  aft,  but  at  the  middle  third  of  the  arm  its  aspect  has 
changed,  the  edges  of  the  muscle  becoming  lateral.  The 
tendon  of  insertion  (fig.  396)  begins  on  the  deep  surface  of 
the  long  head  whose  fibres  are  chiefly  attached  to  its  hinder 
aspect.  The  musculo-spiral  nerve  separates  the  outer  from 
the  inner  heads.  As  the  tendon  passes  over  the  back  of 
the  elbow  it  is  separated  from  the  weak  capsule  by  loose 
areolar  tissue  and  fat,  but  normally  there  is  no  bursa  beneath 
it,  although  there  may  be  one  beneath  the  ulnar  nerve.  A 
few  of  its  lower  fibres  from  the  inner  head  end  in  the  capsule 
of  the  elbow,  constituting  the  subanconeus  of  authors,  which 
is  not  a  separate  muscle.  The  long  head  receives  an  inde- 
pendent nerve  from  the  musculo-spiral  (8c);  the  branches 
of  this  nerve  to  the  outer  and  inner  heads  come  from  the 
seventh  and  eighth  cervical ;  the  inner  head  is  traversed  by 
the  long  nerve  to  the  awoneus. 

Rete  OleCPani.— Around  the  olecranon  and  on  the  back 
of  the  capsule  of  the  elbow  is  an  irregular  and  much  sub- 
divided network  of  arteries  (fig.  397)  formed  by  branches 
of  the  two  profunda  arteries  and  the  anastomotica  from  the 
brachial,  and  by  the  posterior  ulnar  recurrent  and  in- 
terosseous recurrent  from  below,  which  are  disposed  so  as 
not  to  be  interrupted  by  the  tension  of  the  superficial  tissues 
in 'extreme  flexion  of  the  elbow,  in  which  condition  the  branches  of  the  brachial  artery  at 
its  bifurcation  are  occluded  by  the  pressure  of  the  pronator  radii  teres  muscle. 


Fig.  397. — Rete  olecrani,  made 
up  of  the  branches  of  (3,  4) 
the  superior  profunda  and 
(2)  the  inferior  profunda 
above  anastomosing  with 
(7)  the  posterior  ulnar  re- 
current, (8)  the  interosseous 
recurrent,  and  (5)  the  radial 
recurrent  arteries. 
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Dissection. — Remove  the  superficial  fascia  from  the  forearm  as  far  as  the  wrist, 
reviewing  and  removing  the  nerves  and  vessels  which  have  already  been  traced  therein. 

181.  THE  FASCIA  OF  THE  FOREARM  is  a  continuation  of  that  of  the 
arm,  stronger  behind  than  in  front,  and  sending  in  sheaths  to  surround  each 
muscle.  Some  of  these  are  only  areolar,  but  others  are  stronger  and  fibrous. 
Close  to  the  epicondyles  contiguous  muscles  arise  from  the  opposed  surfaces 
of  these  sheaths,  rendering  them  with  difficulty  isolable  and  causing  the  sheaths 
to  become  very  strong.  Here  they  are  called  intermuscular  septa.  There  are 
three  such  septa  close  to  the  inner  epicondyle.  Lower  in  the  forearm  the  fascia 
sends  a  strong  septum  to  be  attached  to  the  hinder  edge  of  the  ulna,  and  a 
weaker  one  along  the  outer  x'idge  of  the  radius. 

At  the  wrist  posteriorly  the  transverse  fibres  of  the  forearm  fascia  become 
stronger  and  become  supplemented  by  special  fibres  attached  to  the  four  thecal 
l'idges  on  the  lower  end  of  the  radius,  to  the  styloid  process  of  the  ulna,  and  to 
the  cuneiform  and  pisiform  bone.  This  strong  portion  is  called  the  posterior 
annular  ligament  (fig-  399)5  but  it  is  only  a  specialised  area  of  the  fascia. 
Between  the  bony  points  of  attachment  of  the  ligament  are  six  interspaces, 
each  lined  by  a  synovial  sheath  and  transmitting  tendons,  (i)  That  on  the 
outside  of  the  radius  in  front  of  the  styloid  process  transmits  the  extensor 
ossis  metacarpi  and  extensor  pollicis  minor  (ib.,  6) ;  (2)  that  behind  the  styloid 
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Fig.  398. — Section  across  the  upper  third  of  forearm.  The  fascial  layers  are  shown  by  the 
thick  black  lines — ra,  radial  artery,  with  its  companion  veins ;  m,  median  vein  ; 
c,  cephalic  vein  ;  mn,  median  nerve. 

process  transmits  the  extensor  carpi  radialis  longior  and  the  extensor  carpi 
radialis  brevior  (ib.,  5) ;  (3)  that  between  the  second  and  third  thecal  tubercles 
contains  the  extensor  pollicis  major  (ib.,  4)  ;  (4)  that  between  the  third  thecal 
tubercle  and  the  radio-ulnar  joint  holds  the  extensor  communis  cligitorum  and 
external  indicis  (ib.,  3) ;  (5)  that  behind  the  radio-ulnar  joint  is  for  the  extensor 
minimi  digiti  (ib.,  2) ;  and  (6)  that  behind  the  styloid  process  of  the  ulna  is  for 
the  extensor  carpi  ulnaris  (ib.,  1). 

Dissection. — Lay  the  hand  with  its  palm  downwards  and  separate  the  hngers  widely, 
fastening  them  apart  with  tacks  upon  a  piece  of  board.  Remove  the  skin  from  the  back  of 
the  hand  and  fingers,  cleaning  and  leaving  the  branches  of  the  radial  and  ulnar  nerves,  which 
divide  on  the  back  of  the  hand,  in  place.  Remove  also  the  fascia  from  the  muscles  arising 
from  the  external  epicondyle. 

182.  MUSCLES  OF  THE  FOREARM.— These  muscles  are  twenty,  twelve 
posterior,  which  are  extensors  and  supinators,  and  eight  anterior,  which  are 
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flexors  and  pronators.  Each  group  consists  of  two  layers,  superficial  and  deep; 
seven  of  the  former  and  five  of  the  latter  are  superficial,  the  others  are  deep. 
Of  the  posterior  series  the  most  superficial  and  the  deepest  respectively  are  the 
two  supinators ;  of  the  anterior  series  the  two  pronators.  The  superficial 
posterior  muscles  arise  about  the  external  epicondyle,  and  are  supplied  by  the 

musculo-spiral  nerve;  the  super- 
ficial anterior  about  the  inner 
epicondyle  are  supplied  by  the 
median  and  ulnar  nerves.  The 
posterior  group  are  most  con- 
veniently examined  in  three 
series  —  superficial,  deep,  and 
marginal. 

Anconeus   (fig.  400 )•  —  A 

triangular  muscle  with  short 
diverging  fibres  arises  by  tendon 
from  the  back  of  the  outer 
epicondyle  and  from  the  back 
of  the  capsule  of  the  elbow,  and 
is  inserted  by  fleshy  and  ten- 
dinous fibres  into  the  triangular 
surface  on  the  outside  of  the 
upper  fourth  of  the  ulna.  It 
is   covered    only    by    skin    and 


Fig.  399. — Section  through  wrist,  showiDg  the  annular 
ligaments  and  sheaths  of  the  tendons— S,  scaphoid 
bone;  L,  semilunar;  H,  unciform;  Py,  cuneiform; 
Pi,  pisiform  ;  C,  magnum  ;  PI,  palmaris  longus. 


fascia,  and  supplied  by  a  long  nerve  from  the  musculo-spiral,  which  descends 
through  the  inner  head  of  the  triceps. 

The  interosseous  recurrent  artery  ascends  between  it  and  the  supinator  brevis.  It  is  a 
segmentation  of  the  primary  extensor  mass  intermediate  between  the  triceps  aiul  the  next 
muscle,  but  is  in  function  allied  to  the  triceps,  which  it  assists  in  extending  the  elbow. 

ExtensOP  carpi  Ulnaris  (fig.  400)  arises  close  to  the  last  by  a  continuous 
sheet  of  tendinous  fibres  (a)  from  the  back  of  the  outer  epicondyle,  (b)  from  the 
septum  between  it  and  the  extensor  digitor urn,  (c)  from  the  fascia,  which  is  attached 
along  the  edge  of  the  anconeus,  (d)  from  the  sheath  of  the  supinator  brevis,  and 
(e)  from  a  few  cm.  of  the  hinder  edge  of  the  ulna  below  it.  lis  tendon 
traverses  the  sixth  groove  in  the  annular  ligament  in  which  it  is  tied  by  a  band 
of  oblique  fibres  descending  to  the  styloid  process  of  the  ulna ;  and  it  is 
inserted  into  the  ulnar  side  of  the  base  of  the  fifth  metacarpal  bone.  A  slender 
expansion  from  its  tendon  is  continued  to  the  extensor  aponeurosis  at  the  base 
of  the  little  finger.  It  is  a  short-fibred  muscle  whose  tendon  begins  in  its 
substance.  Its  bui'sa  extends  from  1  cm.  above  the  wrist  to  the  fifth  meta- 
carpal.    Its  nerve  is  a  branch  of  the  posterior  interdlseous  (8  c). 

Extensor  minimi  digiti  (fig.  400)  arises  between  the  last  and  next 
muscles  from  the  fascial  sheath  which  surrounds  it,  by  which  alone  it  is  attached 
to  the  outer  epicondyle.  It  descends  close  to  the  extensor  communis  digitorum, 
but  its  tendon  passes  through  a  separate  sheath  in  the  annular  ligament  behind 
the  lower  radio-ulnar  joint,  and  therein  divides  into  two  slips  which  end  in  the 
dorsal  aponeurosis  of  the  little  finger.  The  radial  division  joins  the  little- 
finger  tendon  of  the  extensor  communis. 

It  not  uncommonly  gives  a  tendon  to  the  ring  ringer.  The  bursa  of  its  sheath  extends 
from  the  wrist  to  the  middle  of  the  fifth  metacarpal.  Its  nerve  from  the  posterior  in- 
terosseous (8  c.)  arises  close  to  that  for  the  next  muscle,  through  which  it  passes. 

Extensor  digitorum  communis  (fig.  391)  arises  (a)  from  the  lower 
part  of  the  outer  epicondyle,  (6)  from  the  fascia  covering  it,  and  (c)  from  the 
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intermuscular  septa  on  each  side.     It  divides  into  three  slips  on  the  back  of 
the  forearm,  and  these  end  in  tendons  at  different  levels. 

The  slip  for  the  index  finger  is  the 

most  distinct,  that  for  the  middle  finger 

usually  becomes  tendinous  at  the  highest 

level,  and   often   has  a  double   tendon, 

Outer  head  of  the    third   slip    also    divides    into    two 

triceps.  tendons. 
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longior. 

Ext.  rad.  brevior. 


Ext.  dig. 
communis. 

Ext.  min.  digiti. 

Ext.  carpi 
ulnaris. 


Ext.  ossis  met. 
poll. 


Ext.  poll,  minor. 

Ext.  poll  major. 
Annular  ligament. 


Abd.  ind. 


Tendon  of 
ext.  ind. 


Supinator 
brevis. 


Ext.  oss.  met. 
poll. 


Ext  indicis. 

E.c.r.  long, 
and  brev. 


Fig.  400. — Muscles  of  back  of  forearm. 


Fig.  401.  —  Deep  muscles  of  the  back 
of  the  forearm. 


These  pass  through  the  fourth  sheath  in  the  posterior  annular  ligament  be- 
hind the  radius,  and  descend   to  the  fingers.     On  the  back  of  the  hand  the 
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tendons  are  joined  together  by  transverse  fibres,  the  band  between  the  index 
and  middle  tendon  being  weak  and  transverse,  while  from  the  two  tendons 
to  the  ring  finger  strong  flat  bands  (vincula)  descend  obliquely,  one  to  the 
tendon  for  the  middle  finger,  the  other  to  join  the  radial  tendon  of  the  extensor 
minimi  digiti. 

On  the  back  of  each  finger  the  tendon  expands  into  a  dorsal  aponeurosis, 
which  at  each  side  of  the  base  of  the  finger  is  fastened  by  a  flat  lateral  band  to 
the  sides  of  the  metacarpophalangeal  capsule.  On  the  sides  of  the  first 
phalanx  this  aponeurosis  is  supplemented  by  the  obliquely  descending  tendons 
of  the  lumbricales  and  interossei  muscles  which  are  inserted  thereinto.  This 
fibrous  expansion  is  inserted  by  a  middle  slip  into  the  base  of  the  second 
phalanx,  and  by  two  lateral  converging  slips  into  the  base  of  the  ungual 
phalanx. 

The  tendon  for  the  index  finger  is  small,  united  to  the  middle-finger  tendon  by  weak 
vincula,  but  separated  from  it  by  the  interposition  of  the  tendon  of  the  extensor  indicis,  with 
which  it  unites  at  the  base  of  the  first  phalanx.  Lower  down  it  receives  on  its  radial  side 
the  first  lumbrical  and  the  first  dorsal  interosseous  tendons,  on  its  ulnar  side  the  first  palmar 
interosseous.  The  middle  finger  receives  two  tendons  which  unite  at  the  base  of  the  first 
phalanx,  and  receive  a  lumbricalis  and  the  second  dorsal  interosseous  tendon  externally,  and 
the  third  dorsal  interosseous  internally.  The  ring-finger  tendons  receive  the  lumbricalis  and 
second  palmar  interosseous  externally,  and  the  fourth  dorsal  internally.  They  iinite  on  the 
back  of  the  first  phalanx,  previous  to  which  an  expansion,  which  closely  resembles  a 
vinculum  rather  than  a  separate  tendon,  is  sent  to  the  radial  tendon  of  the  extensor  minimi 
digiti.  The  dorsal  aponeurosis  of  the  little  finger  receives  the  lumbricalis  and  "palmar 
interosseous  on  its  outer  side.  The  nerves  to  the  several  digital  slips  are  separable,  that  for 
the  index  being  the  most  so  (7  c). 

Dissection. — Between  the  extensor  communis  digitorum  and  the  next  muscles  the  deep 
extensors  of  the  thumb  emerge,  and  are  to  be  exposed  by  dividing  the  extensor  digitorum 
communis,  extensor  minimi  digiti,  and  extensor  carpi  ulnaris  in  the  middle,  and  reflecting  them. 
These  should  be  examined  before  dissecting  the  marginal  muscles. 

Extensor  ossis  metaearpi  pollicis  (fig.  4°i)  arises  close  to  the  lower 

border  of  the  supinator  brevis  from  a  narrow  area  on  the  upper  and  back 
part  of  the  ulna,  from  the  septum  between  it  and  the  extensor  carpi  ulnaris  and 
the  short  supinator,  and  from  a  small  strip  of  the  interosseous  membrane,  and 
of  the  back  of  the  radius.  Descending  towards  the  thumb  it  crosses  over  the 
tendons  of  the  radial  extensors  of  the  carpus  and  enters  the  first  sheath 
of  the  annular  ligament  on  the  outer  side  of  the  lower  end  of  the  radius.  It 
is  inserted  into  the  base  of  the  metacarpal  bone  of  the  thumb,  and  usually 
by  a  second  slip  into  the  trapezium,  and  sometimes  by  a  third  into  the  origin 
of  the  abductor  pollicis.  Its  tendon  crosses  the  radial  artery.  Above  this  muscle 
the  posterior  interosseous  artery  appears,  separating  it  from  the  supinator  brevis. 

Extensor  pollicis  minor  (fig.  401)  arises  from  the  interosseous  mem- 
brane and  a  small  strip  of  the  radius  below  the  last  muscle,  of  which  it  is  a 
segmentation,  and  which  it  accompanies  through  its  sheath  in  the  annular 
ligament,  to  be  inserted  into  the  base  of  the  first  phalanx  of  the  thumb. 

This  muscle  is  peculiar  to  the  human  hand. 

Extensor  pollicis  major  (fig.  401)  arises  from  an  oblique  tract  of  the. back 
of  the  ulna  below  and  internal  to  the  extensor  ossis  metaearpi,  from  the  sheath  of 
the  extensor  minimi  digiti  and  a  small  portion  of  the  interosseous  membi'ane. 
Its  tendon  passes  through  the  deep  oblique  third  sheath  in  the  annular  ligament 
between  the  second  and  the  third  thecal  tubercles.  From  thence  it  passes 
along  the  back  of  the  thumb  to  be  inserted  into  the  base  of  the  second  phalanx. 
Its  tendon  is  superficial  and  becomes  prominent  at  the  base  of  the  extended 
thumb  ;  the  hollow  of  the  "  snuff-box  "  lying  between  it  and  the  tendon  of  the 
extensor  minor. 

Extensor  indicis  (fig-  401)  arises  below  and  internal  to  the  last  from  a 
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narrow  strip  of  the  back  of  the  ulna  and  of  the  interosseous  membrane.  Its 
tendon  passes  in  the  fourth  sheath,  with  the  extensor  digitorum  communis, 
appears  on  the  back  of  the  hand  between  the  indicial  and  medial  tendons  of 
that  muscle,  and  is  inserted  with  the  common  extensor  into  the  index  finger. 

A  tendon  to  the  middle  finger  is  not  uncommon,  while  occasionally  a  separate  intermediate 
belly  between  this  and  the  last  gives  rise  to  tendons  both  for  the  thumb  and  index  finger. 
The  bursa  sheathing  the  tendon  of  the  extensor  major  and  that  of  the  radial  extensors  com- 
municate as  they  cross  each  other  (fig.  402). 

183.  MARGINAL  MUSCLES.— The  group  of  marginal  muscles  clothing 
the  external  epicondyle  should  next  be  examined,  beginning  with  the  most 
superficial. 

Supinator  radii  longfUS  (figs.  400,  403)  forms  the  outer  boundary  of  the 
antecubital  fossa,  and  arises  from  the  upper  two-thirds  of  the  external  condyloid 
ridge  of  the  humerus  below  the  mus- 
culo-spiral  groove.  It  becomes  tendin- 
ous in  the  middle  third  of  the  forearm, 
and  is  inserted  into  the  ridge  which 
forms  the  upper  margin  of  the  first 
groove  at  the  lower  end  of  the  radius 
(p.  148).  It  is  covered  by  skin  and 
fascia,  and  the  lowest  part  of  its  inser- 
tion is  overlapped  by  the  tendon  of  the 
extensor  ossis  metacarpi  poUicis.  It  lies 
on  the  humerus,  brachialis,  the  next 
pair  of  muscles,  and  the  insertion  of 
the  pronator  teres.  It  has  the  mus- 
culo-spiral  nerve  and  radial  recurrent 
artery  along  its  inner  side  in  the  arm, 
and  the  radial  artery  and  nerve  aloug 
its  inner  side  in  the  forearm.  Its 
nerve  (6  c.)  arises  from  the  musculo- 
spiral  before  its  division,  and  it  is 
nourished  by  branches  of  the  superior 

profunda  and  radial  arteries. 

1  Fig.  402. — sheaths  of  tendons  on  back  01 

The    supinator    is    a    curiously-twisted  the  wrist. 

muscle  ;    its   origin  is  a  vertical  line   from 

which  the  upper  fibres  pass  backwards  and  the  lower  forwards,  so  that  the  lower  part  of 

the  muscular  belly  is  transversely  compressed.     From  the  lower  two-thirds  of  the  hinder 

edge  of  this  muscle  a  fascial  expansion  is  sent  off  which  covers  the  extensors.     This  muscle 

is  a  fk-xor  of  the  elbow  and  a  supinator  when  the  hand  is  fully  prouated. 

Extensor  carpi  radialiS  long-ior  (fig.  4°°)>  shown  by  drawing  forward 
the  supinator,  is  fusiform,  and  arises  from  the  lower  third  of  the  external  condy- 
loid ridge  and  from  the  septum  between  it  and  the  succeeding  muscle.  It  soon 
becomes  tendinous,  underlies  the  supinator,  but  being  broader,  projects  beyond 
the  hinder  edge  of  that  muscle,  while  the  next  muscle,  which  underlies  it,  pro- 
jects in  turn  below  and  behind  it.  Entering  the  second  groove  in  the  annular 
ligament,  the  radial  extensors  of  the  carpus  are  crossed  by  the  tendons  of  the 
long  extensors  of  the  thumb,  and  this  muscle  is  inserted  into  the  outer  tubercle 
at  the  proximal  end  of  the  second  metacarpal.  It  is  supplied  by  a  branch  of  the 
mu^culo-spiral  nerve  (6  c),  and  nourished  by  the  radial  recurrent  artery. 

Extensor  Carpi  radialiS  brevior  (fig.  400)  is  thicker  and  shorter,  being 
a  rhotnboidal  muscle  in  structure,  composed  of  short  fibres  passing  obliquely 
between  the  tendon  of  origin  and  that  of  insertion.  It  arises  from  the  outer 
epicondyle,  the  external  lateral  ligament  and  the  intermuscular  septa  which 
divide  it  from  the  last  and  from  the  supinator  brevis  and  extensor  digitorum. 


exf.carpi  rcu 
longus. 
ext.  carpi  rad: 
brevis 

ext.  poll,  ma/or^ 
ext.ossis.  met. j. 
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It  descends  under  cover  of  the  last  muscle,  and  its  tendon  is,  with  it,  crossed 
by  the  extensors  of  the  thumb.      It  enters  the  second  groove  in  the  annular 

ligament,  lying  at  first  under  and  then 
internal  to  the  long  radial  extensor,  and 
is  insei'ted  into  the  styloid  process  of 
the  third  metacarpal  (fig.  402). 

The  two  radial  tendons  are  enclosed  in  an 
upper  synovial  sheath  as  they  pass  under  the 
thumb  tendons  ;  thereby  they  can  glide  on 
the  radius  and  under  these.  A  lower  sheath, 
which  may  communicate  with  the  upper,  sur- 
rounds them  as  they  pass  through  the  annular 
ligament,  and  extends  to  the  metacarpal  bones ; 
a  small  and  usually  separate  bursa  underlies 
each  tendon  immediately  before  its  insertion. 

Dissection. — The  arm  is  now  to  be  placed 
on  its  back  with  the  hand  supine,  but  is  not 
to  be  fixed  yet  in  this  position. 

184.  THE  FRONT  OF  THE  FORE- 
ARM— Antecubital  fossa. — This  tri- 


Flexor  carpi 
radialis. 


Palmaris  longus. 


fun  da. 


brachial 
artevu- 


ulnar. 


Flexor  carpi 
ulnaris. 


Flexor  sublimis 
digitorum. 

Palmaris  brevis. 
Palmar  fascia. 


■poateriop  carpah 

mcta& — j 

indicts 
tfors-i 


dcrsalis 
poll  ids 


fOi 


deep  apeh 


Fig.  403. — Muscles  of  the  front  of  the 
forearm. 


Fig.  404. — Diagram  of  the  course  and 
branchings  of  the  radial  artery. 


angular  space  in  front  of  the  bend  of  the  elbow  is  bounded  externally  by  the 
supinator  longus,  internally  by  the  pronator  teres,  and  its  base  is  a  transverse 
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line  from  the  outer  to  the  inner  epicondyle.  It  contains  the  biceps  tendon 
■externally,  the  bi'achial  artery  intermediately,  and  the  median  nerve  internally. 
In  the  external  bicipital  sulcus  the  musculo-cutaneous  nerve,  and  deeper  still,  the 
musculo-spiral  nerve,  and  the  anastomosis  between  the  anterior  branch  of  the 
superior  profunda  and  the  radial  recurrent  arteries,  appear.  In  the  inner 
bicipital  sulcus  is  the  communication  between  the  anastomotica  and  the  anterior 
ulnar  recurrent  arteries.  In  the  floor  of  the  space  the  insertions  of  the  biceps 
and  brackicdis  can  be  seen. 

185.  THE  RADIAL  ARTERY  is  the  vessel  supplying  the  preaxial  region  of 
the  limb.  It  is  the  smaller  terminal  branch  of  the  brachial  (p.  288),  but  descends 
to  the  wrist  in  the  same  line  as  its  parent,  lying  for  the  most  part  superficially, 
only  covered  by  skin  and  fascia ;  and  hence  it  is  the  most  convenient  vessel 
wherein  to  examine  the4  arterial  pulse.  It  has  for  its  whole  length  the  supinator 
longus  to  its  outer  side  ;  on  its  inner  side  for  the  upper  third  is  the  pronator 
teres,  for  the  lower  two-thirds  the  flexor  carpi  radialis.  These  muscles  overlap 
it  a  little  above,  and  serve  to  guide  the  surgeon  in  seeking  for  the  vessel.  Its 
nerve  lies  to  its  outer  side  for  the  upper  three-fourths  of  the  forearm,  and  the 
two  deep  radial  veins  (vense  comites),  which  lie  one  on  each  side,  are  united  by 
many  cross  branches  over  the  artery,  ending  above  in  the  outer  brachial  vein. 
The  radial  artery  lies  on  the  biceps  tendon,  supinator  brevis,  pronator  radii  teres,  the 
radial  origin  of  the  flexor  sublimis  digitorum,  the  flnx>r  pollicis,  the  pronator 
quadratus,  and  the  lower  end  of  the  radius.  Its  vasomotor  filaments  come  from 
the  radial  nerve. 

Having  reached  the  wrist,  the  radial  artery  turns  backwards  on  the  external 
lateral  ligament  of  the  joint,  on  the  back  of  the  scaphoid  and  trapezium,  to  the 
interspace  between  the  first  and  second  metacarpal  bones.  Here  it  passes 
between  the  two  heads  of  the  abductor  indicis  and  enters  the  palm  of  the  hand, 
becoming  the  deep  palmar  artery — to  be  subsequently  traced.  While  passing  to 
the  back  of  the  wrist  it  is  crossed  by  the  three  extensor  tendons  of  the  thumb. 

The  branches  of  the  radial  artery,  in  the  forearm,  are  : — (1)  Radial  PeCUF- 
Pent  which  runs  first  outwards  and  then  descends  along  the  inner  edge  of  the 
supinator  longus,  which  it  supplies,  anastomosing  with  a  branch  of  the  superior 
profunda  between  that  muscle  and  the  brachials  anticus.  It  sometimes  separates 
the  radial  from  the  posterior  interosseous  nerves.  (2)  MllSCUlaP,  about  nine 
in  number  passing  to  the  supinator  longus  and  brevis,  to  the  extensor  carpi 
radialis  longior  and  extensor  brevior,  to  the  flexor  poUicis,  and  sometimes  to 
the  pronator  radii  teres. 

Close  to  the  wrist  its  branches  are : — (3)  Supepficialis  VOtee,  which  crosses 
and  nourishes  the  muscles  which  form  the  thenar  eminence,  and  anastomoses  with 
the  superficial  palmar  arch  (p.  304);  (4)  anteriOP  CaPpal,  a  small  branch  to  the 
rete  anterius  carpi ;  (5)  posterior  Carpal,  a  larger  branch  which  passes  back 
under  the  extensor  tendons  to  the  posterior  carpal  rete.  (6)  Metacarpal, 
crosses  the  back  of  the  second  metacarpal  bone,  sending  a  perforating  branch 
between  the  heads  of  the  second  dorsal  interosseous,  and  then  descends  to  the  back 
of  the  cleft  between  the  index  and  middle  fingers  where  it  is  lost  in  fine  branches. 
(7)  DoPSaliS  pollicis,  one  or  two  branches  descending  parallel  to  the  ulnar  edge 
of  the  thumb  metacarpal  on  the  hinder  side  of  the  abductor  indicis  to  supply 
the  skin  of  the  cleft  thumb.  (8)  DOPSalis  indicis,  often  absent,  passes  super- 
ficially in  like  manner  along  the  radial  side  of  the  second  metacarpal.  Beneath 
the  abductor  indicis  the  radial  gives  off — (9)  ppineepS  pollicis,  a  large  branch 
which  descends  between  the  abductor  indicis  and  adductor  pollicis  to  the  palmar 
surface  of  the  thumb  on  its  ulnar  side  ;  (10)  padialis  indicis,  which  descends 
in  the  same  interspace  to  the  radial  side  of  the  index  linger,  (n)  The  deep 
palmaP,  the  continued  trunk  of  which  will  be  seen  subsequently  (p.  310). 
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Rete  earpale  posterius. — Under  the  tendons  on  the  back  of  the  wrist  there  is  a  network 
of  arteries  derived  from  the  anterior  and  posterior  interosseous  and  from  the  posterior  carpal 
branches  of  the  radial  and  ulnar  arteries.  From  these,  branches  descend  on  the  back  of  the 
metacarpal  bones,  and  perforating  branches  pass  forwards  to  the  palm  between  the  heads  of 
the  third  and  fourth  dorsal  interosseous  muscles :  the  radial  is  the  perforating  artery  of  the 
first  interspace  and  the  metacarpal  that  of  the  second. 

186.  MUSCULO-SPIRAL  NERVE  (§§  165,  171).— This,  the  great  extensor 
nerve,  has  been  seen  in  the  arm  sinking  between  the  two  heads  of  the  triceps, 

behind  the  brachial  artery, 
and  accompanied  by  the 
superior  profunda  vessels. 
Having  traversed  the  mus- 
culo-spiral  groove,  it  pierces 
the  intermuscular  septum  and 
descends  in  the  outer  bicipital 
sulcus,  dividing  here  into  its 
two  terminal  branches  — 
radial  and  posterior  inter- 
osseous. While  it  is  posterior 
to  the  brachial  artery,  it  gives 

off— (1)  the  nerve  to  the 
long*  head  of  the  triceps ; 
(2)  posterior  internal 

CUtaneOUS,  to  the  tract  of 
skin  behind  the  region  sup- 
plied by  the  intercosto- 
humeral   nerve    (§  170);    (3) 

the  nerve  to  the  inner 
head  of  the  triceps,  which 

divides  into  two,  an  upper 
short  branch  lost  at  once  in 
the  muscle,  and  a  lower  longer 
— the  ulnar  collateral — which 
descends  so  close  to  the  ulnar 
nerve  that  it  often  appears  to 
join  it.  In  the  musculo-spiral 
groove    it    gives  —  (4)    the 

nerve  to  the  anconeus,  a 

long  twig  which  descends  through  the  outer  part  of  the  inner  head  of  the 
triceps  to  the  elbow-joint  and  anconeus  muscle;  (5)  the  nerve  to  the  Outer 

head  of  triceps;  (6)  a  second  branch  to  the  inner  head;  (7)  the 

posterior  external  CUtaneOUS  branch  which  arises  behind  the  humerus, 
but  descends  with  the  trunk  to  the  front  of  the  groove  close  to  the  deltoid 
insertion,  from  which  point  it  has  been  already  traced  (§  170). 

In  the  space  between  the  brachialis  anticus  and  the  long  supinator  it  gives 
off  (8  and  9)  branches  to  these  two  muscles,  and  (10)  one  to  the  extensor  carpi 
radialis  longior,  which  sends  articular  filaments  to  the  elbow.  It  then  divides 
into  its  terminal  branches. 

(11)  The  radial  or  cutaneous  branch  descends  accompanying  the  radial 
artery  on  its  outer  side  as  far  as  the  lower  fourth  of  the  forearm.  Here  it  turns 
backwards  beneath  the  tendon  of  the  supinator  longus,  piercing  the  fascia  behind 
that  muscle  and  descends  subcutaneously  under  the  dorsal  rete  of  veins.  It 
terminates  by  giving  off  (a)  an  outer  branch  to  the  skin  of  the  radial  margin  of  the 
thumb,  which  joins  the  terminal  filaments  of  the  musculo-cutaneous;  (b)  a  branch 
to  the  cleft  between  the  thumb  and  index,  supplying  the  skin  of  the  back  of 
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-Diagram  of  course  and  branches  of  the 
musculo-spinal  nerve. 
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both  digits  on  their  opposed  sides;  (c)  a  branch  to  the  opposed  sides  of  the 
index  and  middle  fingers,  supplying  the  skin  of  the  back  of  these;  and  (d)  a 
communicating  branch  which  joins  the  dorsal  branch  of  the  ulnar,  and  with  it 
gives  a  common  supply  to  the  cleft  between  the  middle  and  ring  fingers. 

There  are  about  twenty-five  Pacinian  corpuscles  on  these  nerves,  especially 
on  its  index  and  thumb-branches.     Their  distribution  is  shown  in  fig.  379. 

(12)  The  posterior  interosseous  nerve  is  chiefly,  if  not  exclusively,  motor. 
It  gives  off  a  branch  to  the  extensor  carpi  radicdis  brevior,  and  then  sinks  through 
the  thickness  of  the  supinator  brtvis  muscle  which  it  supplies,  emerging 
posteriorly  between  its  lower  border  and  the  upper  edge  of  the  extensor  ossis 
metacarpi;  here  it  gives  off  branches  to  the  extensor  digitorum  communis,  extensor 
minimi  digiti  and  extensor  carpi  ulnaris,  and  continues  its  course  over  the  extensors 
of  the  thumb,  which  it  supplies.  A  deep  branch  pierces  the  extensor  pollicis 
major,  and  passes  to  the  wrist,  on  the  back  of  which  it  becomes  thick  and  reddish, 
forming  a  pseudo-ganglion  from  which  five  dichotomously  branching  filaments 
pass  downwards  to  terminate  in  the  intermetacarpal  ligaments  (tig.  405,  ])sg). 

187.  THE  POSTERIOR  INTEROSSEOUS  ARTERY  (p.  303),  having  passed 

through  the  interosseous  space,  appears  with  the  last-named  nerve  between  the 
supinator  brevis  and  the  extensor  ossis  metacarpi,  it  sends  branches  to  each  muscle, 
and  a  large  recurrent  branch  to  the  rete  olecrani,  and,  finally  descending  between 
the  superficial  and  deep  muscles,  ends  below  in  the  rete  carpale  dorsale. 

188.  SUPINATOR  BREVIS  (tig.  401).— This  deep  muscle  is  exposed  by 
removing  the  extensor  muscles  from  the  outer  epicondyle.  It  arises  from  a 
small  portion  of  the  lower  and  back  part  of  the  epicondyle,  from  the  external 
lateral  ligament,  from  the  orbicular  ligament  of  the  radius,  and  from  the  rough 
ridge  bordering  the  irregular  depressed  space  on  the  ulna  below  the  lesser 
sigmoid  cavity.  The  fibres  wind  forw.rds  and  downwards,  and  are  inserted 
into  the  outer  surface  of  a  little  more  than  the  upper  third  of  the  radius 
between  the  two  oblique  lines. 

This  short-fibred  muscle  is  tendinous  at  its  origin  and  on  its  surface,  fleshy  beneath  and 
at  its  insertion.  It  embraces  the  radius  for  nearly  two-thirds  its  circumference.  Not 
uncommonly,  separate  slips  are  detached  from  it  which  are  inserted 
into  the  orbicular  ligament,  and  into  the  bursa  over  the  biceps 
tendon  when  such  exists. 

189.  DISSECTION.— Turn  the  hand  on  its  back  aud  fasten  the 
fingers  apart  by  a  tack  in  each  tinger.  Kemove  the  fascia  from  the 
muscles  arising  from  the  inuer  epicondyle,  and  divide  the  skin  of 
the  palm  vertically  to  the  base  of  the  middle  finger.  Make  a 
transverse  incision  at  the  base  of  the  fingers,  and  reHect  the  flaps  of 
palmar  skin,  noting  the  lines  of  attachment  of  the  fibres  which  tie 
the  skiu  to  the  fascia  along  the  palmar  folds:  clean  the  surface  of  the 
fascia  and  of  the  palmaris  bFevis,  the  short  transverse  muscle 
inserted  thereinto  from  the  hypothenar  skin,  removing  the  granular 
fat  which  is  embedded  in  it.  Beneath  the  skin  the  palmar  cutaneous 
brauches  of  the  median  and  ulnar  nerves  are  to  be  sought  for  and 
traced  over  the  front  of  the  wrist  (p.  306),  and  the  muscles  from 
the  inner  epicondyle  are  next  to  be  examined. 

THE  ANTERIOR  MUSCLES  are  five  superficial  and  three  deep. 

Pronator  radii  teres  (tig.  403)  arises  (1)  superficially 
from  the  inner  supracondyloid  ridge,  fiom  a  fascial  septum 
between  it  and  the  next  muscle,  and  from  the  supra- 
condyhid  ligament  when  present;  (2)  deeply  by  a  thin 
tendon  from  the  inner  side  of  the  coronoid  process  of  the  ulna.  The  median 
nerve  separates  and  innervates  (6  c.)  these  heads,  sending  off  a  branch  which 
divides  into  two  for  this  purpose,  and  enters  the  muscle  on  its  outer  and  deep 
surface.  Descending  obliquely  radialwards,  it  is  inserted  by  tendon  into  the 
oblique  ridge  and   the    pronator  impression   on  the  outer  side  of  the  radius. 


Fig.  406.  —  Synovial 
sheaths  of  front  of 
wrist. 
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It  is  covered  by  fascia  and  the  superficial  veins,  crossed  by  the  radial  artery 
and  nerve,  and  its  insertion  is  overlapped  b}r  the  supinator  longus  and  by  the 
radial  extensors  of  the  carpus,  as  it  winds  round  the  bone.  It  lies  on  the 
brachialis  anticus,  on  the  ulnar  artery  (which  its  deep  head  separates  from  the 

median  nerve),  the  flexor  sublimis  digitorum, 
and  the  radius.  It  forms  the  inner  boundary 
of  the  antecubital  fossa. 

It  pronates  the  hand  and  flexes  the  elbow.  The 
coronoid  head  is  proportionally  larger  and  more 
separable  in  t!:e  fcetus,  and  is  the  rudiment  of  a 
deep  ulno-radial  muscle.  It  is  probably  saved 
from  disappearance  by  being  functional  as  a  pronator 
in  extreme  flexion  of  the  elbow. 

Flexor  carpi  radialis  (fig.  403)  over- 
laps the  last,  and  arises  tendinously  from 
the  front  of  the  inner  epicondyle,  and  from 
two  septa  which  divide  it  from  the  foregoing 
and  from  the  flexor  sublimis  digitorum ;  de- 
scending obliquely  outwards,  it  ends  in  a 
long  tendon,  which  is  flat  above,  narrowing 
towards  the  wrist,  and  lies  internal  to  the 
radial  artery  for  the  lower  half  of  the  fore- 
arm. It  dips  deeply  at  the  wrist  beneath 
the  short  muscles  of  the  thumb  to  enter  the 
groove  in  the  trapezium  which  is  converted 
into  a  canal  by  special  transverse  fibres.  It 
is  inserted  into  the  anterior  tubercle  of  the 
base  of  the  second  metacarpal,  and  by  a  few 
fibres  into  the  anterior  basal  tubercle  of 
the  third.  A  bursa  underlies  this  tendon 
as  it  crosses  the  scaphoid  and  trapezium. 
Its  nerve,  a  branch  of  the  median  (6  c), 
showing  the  structure  of  the  sheath  enters  its  deep  surface.  It  flexes  the  wrist 
of   the    flexor    tendon     (in    the    ring  ,  Plnow  and  abdnrts  the  band 

finger),  the  splitting  of  the  superficial     ancl  „,  .       *D<mctB  tne ;Jiand-  -"• 

flexor  tendon  (in  the  middle  finger),  PalmariS     lOIlgUS     (hg.  _  403).— Small, 

and  the  distribution  of  the  digital  fusiform  and  variable,  occasionally  absent, 
nerves  and  Pacinian  corpuscles-i,  arises  from  the  intermuscular  septum  be- 
scaphoid  ;    2     semilunar ;    3,  cunei-     Uy         th    j     t  j    and  the  flexor  sublimis 

form:    4,    pisiform  ;     5,    trapezium;       ...  .     ,  r  m  r  ,1 

6-8,  opponens  pollicis ;  9,  abductor  digitorum,  and  by  a  few  fibres  from  the 
pollicis ;    10,   flexor  brevis  pollicis ;    inner    epicondyle.       Its  nerve,  a  branch   of 

the  median  (8  c),  passes  into  its  deep  sur- 
face through  the  flexor  sublimis.  It  becomes 
tendinous  at  a  little  higher  level  than  the 
last  muscle,  nearly  parallel  to  which  its 
slender    flatfish    tendon    descends    to    the 

middle  of  the  wrist.    Here  it  becomes  super- 
2K,  insertion  of  flexor  profundus :  26,     ^   •   1     xi,  1    •        s      •     t.  -•  ,1      *!,„ 

~2  o«  „rt  o^  .,  ;  t  t  *i  ncial,  the  overlying  fascia  being  weak,  the 
27,  25,  29,  30,  31,  parts  of  the  sheath      .        '      .     .  J    ,s    ,  -5    .      .    '     , 

of  the  flexor  tendons.  deeper  being  much  stronger.     Entering  the 

palm  the  tendon  thickens  and  expands  into 
a  strong  white  fibrous  triangular  structure — the  palmar  fascia.  This 
consists  principally  of  longitudinal  fibres,  which  are  crossed,  especially  below, 
by  transverse  fibres  which  are  more  deeply  placed.  At  the  edge  of  the  thenar 
and  hypothenar  eminences,  this  expansion  suddenly  becomes  thinner,  only  a 
weak  areolar  layer  continuous  with  the  transverse  fibres  being  continued 
thereover.     Towards  the   Angers  the  fascia  divides  into  four  slips  which  are 


Fig,    407. — Dissection    of     the    hand, 


11,  adductor  transversus  ;  12,  ulnar 
nerve  ;  13,  abductor  minimi  digiti  ; 
14,  opponens  ;  15,  flexor  brevis 
minimi  digiti;  16-19,  third  palmar 
interosseous;  17,  first  palmar;  18, 
second  palmar  interosseous;  20,  21, 
22,  23,   the   four   dorsal   interossei  ; 
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tied  together  by  transverse  fibres  along  the  linea  roensalis.  Each  of  these 
digital  slips  descends  towards  its  finger,  and  should  be  traced  by  reflecting  the 
skin  from  the  front  of  the  first  joint ;  its  superficial  fibres  pass  to  the  skin 
along  the  linea  mensalis,  and  to  the  transverse  fold  at  the  base  of  the  finger. 
The  deeper  fibres  divide  into  two  lateral  fascicles  which  are  inserted  into  the 
sides  of  the  fibro-cartilages  of  the  metacarpo-phalangeal  capsules.  Opposite  and 
above  the  heads  of  the  metacarpals,  these  lateral  slips  are  attached  by  deep 
processes  to  the  margins  of  the  short  triangular  palmar  areas  on  the  metacarpals, 
thus  bounding  separate  sheaths  for  the  digital  tendons.  Between  these  sheaths 
are  the  channels  in  which  the  digital  nerves  and  vessels  and  the  lumbrical 
muscles  pass  to  their  fingers. 

Between  the  digital  slips  and  closely  attached  to  the  skin  of  the  webs  of  the 
fingers  are  transverse  fibres  forming  the  superficial  transverse  interdigital 
ligaments.  These  cross  over  the  vessels  and  nerves,  and  are  laterally  attached 
to  the  skin  over  the  outer  margin  of  the  hand,  and  to  the  fifth  metacai-pal 
bone. 

The  superficial  aspect  of  the  fascia  sends  off  many  fibres  to  the  skin  as  has 
already  been  seen ;  from  its  deep  surface  two  weak  lateral  septa  dip  in  to  be 
attached  to  the  fascia  sheathing  the  thenar  and  hypothenar  eminences,  and 
through  these  to  the  third  and  fifth  metacarpals.  A  thin  synovial  fold  is 
reflected  from  its  deep  surface  to  the  ulnar  side  of  the  flexor  tendon  for  the 
middle  finger.  These  deep  connections,  though  weak,  serve  as  limits  for  sub- 
fascial abscesses. 

PalmaPiS  breviS  (tig.  403)  consists  of  several  short  transverse  fleshy, 
fasciculi,  which  arise  from  the  inner  edge  of  the  palmar  fascia,  and  are  inserted 
into  the  skin  of  the  hypothenar  eminence  below  the  pisiform  bone.  It  can 
corrugate  the  skin,  and  is  supplied  by  a  branch  of  the  ulnar  nerve  (i  d.). 

The  palmaris  longun  is  the  degenerated  perforated  flexor  of  the  first  phalanges,  and  the 
palmar  fascia  is  a  modified  expansion  of  its  tendon. 

FlexOF  Carpi  UlnariS  (fig-  407)  arises  (1)  by  a  flat  tendon  from  the  back  of 
the  inner  epicondyle,  and  (2)  by  a  broad  fascial  origin  from  the  inner  side  of  the 
olecranon,  and  from  the  fascia  of  the  forearm  as  it  is  attached  along  the  upper 
two-thirds  of  the  ulna.  It  is  a  penniform  muscle,  whose  tendon  of  insertion 
begins  at  its  anterior  margin  high  in  the  forearm,  receiving  fleshy  fibres  neaidy 
to  the  wrist.  It  is  inserted  into  the  pisiform  bone  and  the  piso-metacarpal 
ligament  (§  160).  The  ulnar  nerve  passes  between  its  heads,  sending  to  each 
a  separate  nerve  (8  c,  1  d.). 

As  the  nerve  lies  between  the  inner  epicondyle  and  the  olecranon,  it  has  often  a  small 
bursa  between  it  and  the  former,  and  is  bound  down  by  transverse  fibres,  which  are 
occasionally  muscular,  the  epitroehleo-  anconeus,  a  derivative  of  this  muscle,  and 
supplied  like  it  by  the  ulnar  nerve. 

The  ulnar  artery  and  nerve  lie  for  the  lower  two-thirds  of  the  forearm  along 
the  outer  border  of  this  muscle,  which  serves  to  guide  the  surgeon  thereto.  It 
lies  on  the  flexor  pro/wadus  digitorum  and  ulnar  nerve.  It  is  an  adductor  and 
flexor  of  the  wrist. 

Dissection. — Divide  in  the  middle  and  reflect  the  flexor  carpi  radialis  and  palmaris  longus: 
detach  the  palmar  fascia  from  its  deeper  attachments  in  front  of  the  wrist  and  reflect  it  towards 
the  ringers,  divide  also  the  skin  of  the  middle  and  ring  fingers  along  their  middle  lines  and 
reflect  it  from  each  finger  in  two  flaps,  noting  in  doing  so,  the  strong,  but  not  clearly  bordered 
phalangeo-CUtaneoUS  ligaments,  which  pass  from  the  sides  of  the  base  of  the  first 
phalanx  of  each  ringer  to  the  skin  on  the  back  of  the  second,  and  from  the  sides  of  the  base  of 
the  second  phalanx  to  the  deep  surface  of  the  skin  covering  the  pulp  of  the  end  of  the  finger. 
Remove  the  fat  that  overlies  the  sheath  of  the  flexor  tendons  in  the  middle  ringer.  This 
sheath  is  a  tube,  bounded  behind  by  the  bones,  in  front  by  a  complex  arrangement  of  white 
fibrous  bands,  which  from  above  downwards  are: — (1)  Superior  vaginal  band,  strong 
and  transverse,  crossing  the  upper  half  of  the  first  phalanx  ;  (2)  superior  crucial  band, 
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composed  of  two  weaker  X-like  bands  at  the  distal  end  of  the  first  phalanx  ;  (3)  middle 
vaginal  hand,  a  slender  transverse  slip  across  the  level  of  the  first  interphalangeal  joint; 
(4)  Oblique  band,  passing  downwards  and  inwards  on  the  upper  end  of  the  second  phalanx  ; 

{5)  inferior  vaginal,  over  the  middle  of  the  second  phalanx;  and  (6)  inferior  crucial, 
over  the  second  interphalangeal  joint.  Between  these  bands  the  sheath  is  weak,  and  indefinite 
<fig.  407). 

In  front  of  the  wrist  beneath  the  palmaris  tendon  is  the  superficial  layer  of  the  anterior 
annular  ligament,  attached  internally  to  the  pisiform,  where  it  is  continuous  with  the  inner 
end  of  the  posterior  annular  ligament  and  externally  to  the  tubercle  of  the  scaphoid  and 
trapezium.  This  part  is  covered  by  the  origins  of  the  thenar  muscles.  Open  one  digital 
sheath  for  its  whole  length  to  expose  the  contained  tendons. 

Flexor  SUblimiS  digitOPUm  (fig.  4°3)  arises  (i)bya  large  tendinous  and 
fleshy  head  from  the  lowest  part  of  the  inner  epicondyle,  the  capsule  of  the  elbow, 
the  inner  side  of  the  coronoid  process,  and  from  the  septa 
which  intervene  between  it  and  the  two  carpal  flexors ; 
(2)  by  a  thin,  broad  tendon,  from  the  anterior  oblique  ridge 
of  the  radius  (tig.  236).  The  median  nerve  separates  these 
heads,  and  the  ulnar  nerve  separates  its  hinder  edge  from 
the  Jlexor  carpi  ulnaris.  Shortly  below  its  origin  the  humeral 
head  divides  into  a  superficial  and  a  deeper  portion.  The 
former  again  subdivides  into  two  bellies,  an  outer,  which 
unites  with  the  radial  head  and  descends  to  the  wrist,  be- 
coming tendinous,  to  be  inserted  into  the  middle  finger; 
the  inner  passes  to  the  ring  finger,  is  closely  tied  to  the 
deeper  portion,  and  becomes  tendinous  sooner  than  the 
outer.  The  deeper  portion  also  subdivides  into  two,  an 
outer,  usually  digastric,  passing  to  the  index  finger,  and 
an  inner,  much  smaller,  arising  from  the  central  tendon  of 
the  outer  and  passing  to  the  little  finger. 

At  the  wrist  the  tendons  are  arranged — two  for  the 
medial  digits  in  front,  and  two  for  the  lateral  digits  behind. 
They  pass  under  the  annular  ligament  into  the  palm, 
beneath  the  branches  of  the  median  nerve  and  ulnar  artery. 
Each  tendon  enters  its  separate  digital  sheath  below,  and 
divides  into  two  lateral  slips  (fig.  408,  m)  which  begin  to 
diverge  from  each  other  opposite  the  middle  of  each  first 
phalanx,  allowing  the  tendon  of  the  deep  flexor  which 
underlies  it  to  appear  on  the  surface.  The  two  slips  of 
the  superficial  tendon  are  folded  around  the  sides  of  the  deep  tendon,  and 
finally  pass  underneath  it  to  reunite  in  front  of  the  bone  (ib.,  m'),  but  each 
slip  has  become  twisted,  so  that  the  edges  by  which  these  slips  come  together 
are  the  continuations  of  the  original  lateral  edges  of  the  tendons,  while  the 
inner  edges  of  the  two  split  portions  become  the  outermost.  As  they  reunite 
the  contiguous  fibres  of  the  tendon  cross  each  other,  the  others  slightly 
diverge,  and  the  tendon  again  divides  into  two  slips,  which  are  inserted  into 
the  lateral  ridges  of  the  second  phalanges  of  each  finger.  A  villous,  toothed, 
fibrous  and  synovial  lamina,  tills  the  angle  above  the  junction  of  the  halves  of 
the  tendon.  The  other  synovial  arrangements  will  be  seen  in  relation  to  the 
Jlexor  profundus  (§  193). 

The  Jlexor  sublimis  is  supplied  by  the  median  nerve,  and  the  branches  to  its  several 
digital  bundles  can  be  easily  separated  (7,  8c,  1  d. ),  the  twig  to  the  radial  head  being 
independent  (8  c).     It  is  nourished  by  branches  of  the  ulnar  artery. 

Dissection. — Separate  the  flexor  sublimis  from  the  median  nerve  which  adheres  to  its 
deep  surface  and  radial  margin,  and  divide  the  muscle  at  the  lower  third  of  the  forearm, 
reflecting  it  upwards. 

190.  THE  ULNAR  ARTERY  now  exposed  is  the  larger  terminal  branch  of 


Fig.    408.  — Splitting 
["[of  the  tendon  of  the 
flexor    sublimis   of 
the  index  finger. 
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the  brachial  (p.  288),  beginning  opposite  the  head  of  the  radius,  and  descending  at 
first  in  a  curved  line  beneath  the  pronator  teres,  flexor  radialis,  palmaris  longus, 
and  flexor  sublimis.  It  then  descends  directly  for  the  lower  half  of  the  forearm 
between  the  flexor  sublimis  externally,  and  the  flexor  carpi  ulnaris  internally, 
overlapped  by  the  latter,  and  so  closely  bound  down,  that  its  pulsation  is 
seldom  palpable  during  life. 
Entering  the  palm  external 
and  close  to  the  pisiform  bone 
through  a  canal  between  the 
layers  of  the  annular  ligament 
it  divides  into  its  two  ter- 
minal branches.  It  lies  on 
the  brachialis  anticus  and  the 
flexor  profundus  digitorum,  is 
crossed  above  obliquely  by 
the  median  nerve,  from  which 
it  is  separated  b}7  the  deep 
head  of  the  round  pronator, 
and  is  accompanied  on  its 
inner  side  by  the  ulnar  nerve 
for  the  lower  two-thirds  of  the 
forearm.  The  flexor  sublimis 
separates  this  nerve  from  the 
artery  for  its  upper  third. 
The  two  deep  ulnar  veins 
which  accompany  the  artery 
are  united  by  frequent  cross 
branches,  the  outer  vein  ends 
in  the  inner  brachial  vein, 
the  inner  in  the  mediana  pro- 
funda. Its  vasomotor  fila- 
ments come  from  the  median 
above,  and  from  the  ulnar 
palmar  nerve  below. 

The    branches    are  :  —  1. 

Anterior  ulnar  recurrent, 

which  ascends  beneath  the 
edge  of  the  pronator  teres,  on 
the  brachialis  anticus,  supply- 
ing both  muscles  and  anasto- 
mosing with  the  anastomotica. 
2.  Articular,  piercing  the 
front  of  the  capsule  of  the 
elbow  external  to  the  bra- 
chialis anticus  to  supply  the  joint.     3.  Posterior  ulnar  recurrent,  much 

larger,  arises  under  the  flexor  sublimis,  and  ascends  between  the  heads  of  the 
^flexor  carpi  ulnaris,  behind  the  inner  condyle,  by  the  side  of  the  ulnar  nerve, 
to  end  in  the  rete  olecrani.  It  supplies  the  flexor  ulnaris  and  sublimis  and 
the  palmaris  longus.  4.  Interosseous,  a  short  trunk,  which  descends  towards 
the  interosseous  membrane  and  divides  into  anterior  and  posterior  branches 
at  the  opening  between  the  oblique  and  the  interosseous  ligaments.  The 
posterior  has  been  already  traced  (§  187),  and  should  now  be  reviewed.  The 
anterior  interosseous  descends  on  the  front  of  the  interosseous  membrane,  to 
which  it  is  tied  by  an  areolar  sheath,  between  the  flexor  pollicis  and  the  flexor 
profundus  digitorum,   to  the  upper   edge   of  the  pronator   quadratus ;   here   it 
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Fig.  409. — Diagram  of  the  course  and  branches  of  the 
ulnar  artery. 
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divides  into  an  anterior  branch,  which  descends  to  supply  that  muscle,  ending 
below  in  the  anterior  carpal  rete,  and  a  larger  posterior  brunch  which  passes 
backwards  in  a  membranous  canal  to  the  posterior  carpal  rete.  The  anterior 
interosseous  in  its  course  sends  branches  to  the  deep  flexor  muscles,  supplies 
the   nutritious  branches  to   the   radius  and 

ulna,     and     fine     rami     perforantes    Avhich  ■$  £ 

pierce  the  interosseous  membrane  to  the 
extensor  muscles.  It  is  accompanied  and 
crossed  by  a  branch  of  the  median  nerve. 

Before   its   division    the   common   inter- 
osseous gives  off  the  comes  nervi  mediani 

which  accompanies  the  median  nerve  and 
often  enters  the  palm  to  take  part  in  forming 
the  superficial  palmar  arch. 

5.  Muscular  branches,  six  to  fourteen 


articular  nerve 


to      7/ 
ecrhdofpro. 


/.poll 


Fig.  410 — Deep  palmar  arch  of  arteries — 1,  3,  radial 
artery  ;  2,  superficialis  volse  ;  4,  princeps  pollicis  ; 
5,  ulnar  artery  ;  8,  third  metacarpal ;  9,  common 
digital  artery  ;  10,  11,  lateral  digital  arteries. 


Fig.  411. — Diagram  of  median  nerve  aa 
far  as  the  middle  of  the  forearm. 


pass  to  the  neighbouring  superficial  muscles.  6.  Metacarpal,  arises  above  the 
pisiform  and  passing  backwards  to  the  dorsal  rete,  sends  a  marginal  branch 
along  the  ulnar  side  of  the  little  finger. 

7.  Carpals  are  usually  two  small  anterior,  and  two  'or'  thi-ee  posterior 
bi*anches  passing  to  their  l-espective  retia.  8.  The  superficial  palmar,  the 
larger. terminal  branch  crosses  the  palm  beneath  the  palmar  fascia  lying  on  the 
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median  and  ulnar  nerves  and  the  flexor  tendons,  forming  an  arch  whose  con- 
cavity is  directed  upwards.  It  first  descends  along  the  edge  of  the  hypothenar 
eminence  parallel  to  the  linea  vitalis,  midway  between  which  and  the  linea 
cephalica  it  turns  outwards  towards  the  web  of  the  thumb,  where  it  ends 
by  anastomosing  either  with  the  radialis  indicis  or  with  the  superficialis 
volse  or  both.  From  its  upper  or  concave  border  ascend  a  few  small  branches 
to  the  carpal  bursa  and  palmar  fascia,  anastomosing  with  the  comes  nervi 
mediani ;  from  its  convexity  three  large  digital  arteries  descend,  the  first 
to  the  interspace  between  the  ring  and  little  fingers,  bifurcating  at  the 
mid-point  of  the  monticulus  saturni,  its  branches  going  to  the  opposed  sides  of 
these  fingers;  the  second  descends  to  the  interspace  between  the  middle  and 
ring  fingers,  bifurcating  in  the  middle  of  the  monticulus ;  the  third  in  like 
manner  descends  to  the  middle  of  the  monticulus,  and  its  two  branches  supply 
the  cleft  between  the  index  and  the  middle  fingers.  Before  its  division  each 
digital  branch  receives  a  branch  from  the 
deep  arch  and  one  from  the  dorsal  meta- 
carpal artery.  In  each  finger  the  mar- 
ginal digital  arteries  descend  towards  the 
tip  anastomosing  with  the  dorsal  vessels 
of  the  finger,  and  joining  each  other  by 
arched  cross  anastomotic  branches  at 
each  joint  over  the  sheath  of  the  tendon. 
At  the  last  phalanx  they  divide  into 
dorsal  branches,  which  form  a  close  net- 
work under  the  nail,  and  palmar  branches, 
which  form  a  large  arch  below  the  inser- 
tion of  the  deep  flexor  tendon  and  supply 
the  pulp  of  the  finger. 

9.   The    communicating-   branch 

(fig.  410,  7)  sinks  between  the  abductor 
and  the  flexor  brevis  of  the  little  finger 
to  join  the  deep  palmar  arch.  It  gener- 
ally gives  off  the  innermost  digital  artery 
(ib.,  6)  to  the  inner  side  of  the  little  finger, 
close  to  its  origin. 
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Fig.  412. 


-Diagram  of  median  nerve  in 
the  hand. 


191.  MEDIAN  NERVE  (figs.  411  and 
412). — This  and  the  ulnar  are  the  flexor 
nerves  of  the  upper  limb.  The  median 
is  peculiar  in  structure  as  having  its 
component  strands  plexiform,  not  parallel 
(fig.  375).  It  gives  no  branch  in  the  arm, 
but  as  it  enters  the  antecubital  fossa  in- 
ternal to  the  brachial  artery  it  gives  off 
two  branches  to  the  "pronator  teres  and 

those  to  the  flexor  radialis,  flexor  sublimis,  and  palmaris  longus,  and  then  sinks 
between  the  heads  of  the  pronator  teres.  Here  it  gives  off  the  anterior  inter- 
osseous branch  which  first  lies  external  to,  then  crosses,  then  recrosses  its  artery, 
and  supplies  the  flexor  pollicis,  pai-t  of  the  flexor  profundus,  and  the  pronator 
quadratics.  It  also  sends  off  minute  filaments  to  the  interosseoixs  membrane, 
to  the  radius  and  ulna,  and  to  the  front  of  the  wrist-joint.  The  median  often 
gives  a  communicating  branch  to  the  ulnar,  along  the  ulnar  artery,  and  then 
sinks  between  the  heads  of  the  fleo:or  sublimis,  descending  nearly  in  the  middle 
line  of  the  forearm,  closely  attached  to  the  deep  surface  of  that  muscle,  appearing 
at  the  wrist  beneath  the  palmaris  longus  and  between  the  tendons  of  flexor 
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radialis  and  flexor  svMimis.     About  5  cm.  above  the  wrist  (fig.  412)  it  gives 

off  a  palmar  cutaneous  branch  (7  c),  which  descends  over  the  palmar  fascia 

to  supply  the  skin  of  the  palm.     The  median  nerve  passes  under  the  annular 

ligament,  becoming  swollen,  pink,  and  flattened,  and  sends  off  deep  branches 

to  the  superficial   muscles  of  the  ball   of  the  thumb  [abductor   and    opponent 

pollieis  and    superficial  head  of  flexor  brevis),  a 

superficial  branch  to  the  radial  margin  of  the  f!Bffi\W 

thumb  (6  a),  a  cutaneous  branch  to  the  ulnar  fWiy 

side  of  the  thumb  and  its  web  (6,  7  c),  a  cutaneous  lEt     v 

branch  to  the  radial  side  of  the  index,  sending  B^^'V 

the  nerve  to  the  first  lumbricalis  (6,  7  c).    These  m 

four  branches  sometimes  come  off  by  a  common 

trunk.      The  branch  to  the  abductor  pollieis  is 

recurrent.     The  next  branch  passes  to  the  cleft 
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Fig.  413. — Diagram  of  the  course  and 
branches  of  the  ulnar  nerve. 


Fig.  414. — Deep  muscles  of  the  front 
of  the  forearm. 


between  the  index  and  middle  fingers,  supplying  the  second  lumbricalis,  and 
dividing  beneath  the  artery  to  supply  the  opposed  surfaces  (7,  8  c.)  of  the  fingers; 
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tlie  last  passes  to  the  cleft  between  the  middle  and  ring  -fingers,  and  receives  a 
communicating  branch  from  the  ulnar  (8  a,  and  1  d.). 

Upon  the  extremities  of  these  nerves  in  the  thumb  there  are  about  60  Pacinian  corpuscles 
(fig.  407),  upon  those  in  the  index  finger  are  56  on  the  thumb  side  and  about  40  on  the  ulnar 
side,  on  the  middle  ringer  are  about  40  on  the  thumb  side  and  about  35  on  the  ulnar  side.  On 
the  articular  branches  of  the  digital  nerves  there  are  for  each  joint  of  each  finger  from  12 
to  25.     In  all  there  are  usually  about  360  such  corpuscles  on  the  median  nerve. 

192.  THE  ULNAR  NERVE,  like  the  median,  gives  no  branches  in  the  arm, 
and  lies  at  first  internal  to  the  brachial  artery,  but  leaves  it  along  with  the 
inferior  profunda,  and,  having  pierced  the  inner  intermuscular  septum  about 
14  cm.  above  the  elbow,  it  descends  on  the  inner  head  of  the  triceps  to  the 
space  between  the  olecranon  and  inner  epicondyle,  grooving  the  latter  (fig.  413). 
Having  passed  between  the  heads  of  the  flexor  carpi  idnaris,  it  lies  on   the 

flexor  profundus  digitorum  and  receives  the  communicating  branch  from  the 
median,  from  thence  accompanying  the  ulnar  artery  on  its  inner  side,  and, 
like  it,  finally  dividing  at  the  wrist  into  supei'ficial  and  deep  terminal  branches. 
At  the  elbow  it  gives  an  articular  branch,  two  filaments  to  the  flexor  carpi 
idnaris  (8  c,  1  d.),  and  one  to  the  inner  part  of  the  flexor  profundus.  About  the 
lower  third  of  the  forearm  it  gives  off  a  palmar  cutaneous  (1  d.),  which  descends 
on  the  front  of  the  ulnar  artery  to  the  skin  of  the  wrist,  and  a  larger  dorsal 
cutaneous  branch  which  passes  beneath  the  flexor  carpi  idnaris  tendon  to  the 
back  of  the  wrist,  there  supplying  the  back  of  the  little  and  ring  fingers  and  half 
that  of  the  middle^fig.  379).  The  three  superficial  terminal  branches  (1  d.)  are 
distributed  (a)  to  the  skin  of  the  hypothenar  eminence,  to  the  fourth  lumbricalis 
and  the  palmaris  brevis,  (b)  to  the  ulnar  side  of  the  little  finger,  and  (c)  to  the 
opposed  surfaces  of  the  little  and  ring  fingers.  This  branch  sends  off  filaments 
to  the  skin  of  the  palm,  and  a  communicating  branch  to  the  median.  The 
deep  branches  accompany  and  overlie  the  deep  artery,  and  supply  articular 
branches  to  the  carpo-metacarpal  joints,  except  the  first  and  second,  and 
muscular  branches  to  the  third  lumbricalis,  to  the  seven  inter ossei,  to  the  two 
adductors  and  to  the  deep  flexor  of  the  thumb. 

193.  DEEP  MUSCLES  ON  THE  FRONT  OF  THE  FOREARM.— Flexor 
profundus  digitorum  (fig.  414)  arises  from  the  front  and  inner  side  of  the 
upper  two  thirds  of  the  ulna,  as  far  as  the  origin  of  the  pronator  quadratus,  and 
from  the  ulnar  half  of  the  interosseous  membrane.  It  forms  a  thick,  flat,  fleshy 
mass,  divisible  into  three  parts,  a  middle  and  two  lateral.  The  outer  or  index 
slip  is  the  most  separable,  and  arises  as  high  as  the  coronoid  process,  and  chiefly 
from  the  interosseous  membrane  ;  the  inner  or  little  finger  portion  arises  from 
the  inner  side  of  the  ulna.  The  muscle  ends  in  a  much  fasciculated  tendon, 
whose  strands  unite  near  the  wrist  into  four  cords,  one  for  each  finger,  that  for 
the  index  becoming  distinct  before  the  others.  These  lie  under  the  annular 
ligament  and  pass  to  the  fingers,  at  first  beneath  the  tendons  of  the  flexor 
sitblimis,  then,  having  passed  through  the  splittings  of  these  tendons,  they 
are  inserted  into  the  bases  of  the  third  phalanges. 

As  these  tendons  pass  under  the  annular  ligament  they  are  enveloped  in  a 
large  loose  synovial  sac,  the  great  cai'pal  bursa  (fig.  406);  this  extends  about 
1  cm.  above  the  wrist  and  downwards  about  half-way  along  the  metacarpal 
bones,  ending  below  in  a  blind  pouch  around  each  tendon  as  it  enters  its  special 
canal.  The  cavity  of  this  bursa  is  usually  divided  into  two  by  a  septum 
attached  to  the  middle-finger  tendon. 

In  each  finger  the  sheath  of  the  tendon  is  lined  by  a  proper  synovial  sheath; 
these  begin  blindly  above,  rarely  communicating  with  the  carpal  bursa,  except 
in  the  case  of  the  thumb,  whose  sheath  does  often  communicate,  and  in  the  little 
finger  whose  sheath  occasionally  opens  into  the  cavity  of  the  bursa  (fig.  406). 


3o8 


DEEP    FLEXOR    MUSCLES. 


The  synovial  membrane  of  the  digital  sheath  enwraps  the  two  tendons  at  first, 
and  the  deep  tendon  is  tied  to  the  bone  by  one  or  two  flat  bands  (retinacula). 
Where  the  tendons  pass  each  other  they  are  generally  free,  but  when  the  deep 
tendon  has  passed  through,  it  is  tied  to  the  superficial  tendon,  now  underlying- 
it,  by  a  soft  round  cord  (vinculum).  Finally,  the  deep  tendon  is  tied  to 
the  distal  end  of  the  second  phalanx  by  a  flat  retinaculum  inferius. 

The  anterior  interosseous  nerve  supplies  the  slip  of  the  flexor  profundus 
to  the  index  finger  (8  a),  and  the  lower  part  of  that  to  the  middle.  The  ulnar 
nerve  (8  c,  i  d.)  supplies  the  rest  of  the  muscle. 

The  lumbrieales  muscles  (fig.  414)  arise  in  the  hand  in  the  clefts  between 
the  several  tendons  of  the  flexor  profundus.  They  are  four  slender,  fleshy 
bundles,  the  first  and  second  of  which  are  attached  to  the  radial  sides  of  the 
first  and  second  tendons  respectively,  passing  on  the  radial  side  of  their  respec- 
tive fingers,  and  are  inserted  by  tendons  into  their  dorsal  aponeuroses  (p.  294). 
The  third  and  fourth  arise  from  the  opposed  surfaces  of  the  contiguous  tendons, 
and  are  inserted,  like  the  first  and  second,  into  the  radial  sides  of  their  digits. 
Each  lumbricalis  passes  beneath  the  digital  vessels  under  the  superficial  inter- 
digital  ligament.  The  first  and  second  are  supplied  by  the  median,  the  others 
by  the  ulnar  nerves.  The  lumbrieales  flex  the  first  phalanges  on  the  metacarpal 
bones,  but  they  can  also  assist  in  maintaining  the  extension  of  the  interphal- 
angeal  joints. 

Flexor  polliClS  longUS  (fig.  414)  arises  from  the  front  of  the  radius  below 
the  oblique  line  and  above  the  pronator  quadratus,  as  well  as  from  a  small  part 
of  the  interosseous  membrane.  It  has  a  supplementary  origin  by  means  of  a 
short  fusiform  belly  from  the  coronoid  process,  the  remains  of  the  obsolete 
superficial  flexor  of  the  pollex.  This  slip  ends  in  a  tendon  which  as  it  descends 
receives  the  radial  fibres,  thickening  towards  the  wrist.     The  tendon  passes 
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Fig.  415. — Section  across  the  lower  sixth  of  the  forearm. 

under  the  annular  ligament,  then  between  the  two  parts  of  the  flexor  pollicis 
brevis  and  between  the  two  sesamoid  bones  of  the  thumb.  It  is  inserted  into 
the  flexor  tubercle  of  the  last  phalanx  of  the  thumb.  Its  nervous  supply  is 
from  the  anterior  interosseous.  It  bears  on  its  surface  the  flexor  sublimis, 
flexor  radialis,  and  radial  artery. 

Dissection. — Separate  the  tendons  of^the  last  pair  of  muscles  and  thereby  expose  the 
last  of  this  group. 

Pronator  quadratus  (figs.  414,  415). — A  small,  square,  transverse  muscle 
arises  tendinously  from  the  oblique  line  on  the  lower  fourth  of  the  ulna,  and  by 
fleshy  and  tendinous  fibres  from  the  space  external  to  this  line.     It  is  inserted 
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fleshy  and  by  tendon  into  the  lower  fifth  of  the  front  and  inner  side  of  the 
radius  between  the  hinder  division  of  the  interosseous  edge  and  the  pronator 
crest.  It  is  supplied  by  the  anterior  interosseous  nerve  and  is  covered  by  a 
strong  fascial  layer,  continuous  with  the  front  of  the  interosseous  membrane. 
The  fibres  are  mostly  transverse  and  parallel,  though  some  are  decurrent. 

In  the  sheath  overlying  it  are  usually  bands  of  strong  vertical  fibres  from  the  radius  to 
the  carpus,  the  degenerated  remains  of  a  vanished  muscle,  the  radio-carpeus,  which  is  rarely 
muscular. 

194.  ANTERIOR  ANNULAR  LIGAMENT.— By  removing  the  superficial 
lamella  of  the  anterior  annular  ligament,  and  the  ulnar  vessels  which  underlie 
it,  the  much  stronger  deep  layer  of  the  ligament  is  shown  (figs.  399  and  407). 
This  consists  of  special  transverse  fibres  stretching  from  the  unciform  process 
to  the  ridge  on  the  trapezium  ;  it  arches  over  the  median  nerve  and  nine  flexor 
tendons,  four  of  the  flexor  sublimis,  four  of  the  flexor  profundus,  and  one  of  the 
flexor  fdllicis,  enveloped  in  the  great  carpal  bursa.  Its  trapezial  attachment  is 
split  by  the  tendon  of  the  flexor  carpi  radialis.  This  ligament  is  a  specialised 
baud  of  the  intermuscular  septum  between  the  palmaris  and  the  flexor  sub- 
limis muscles,  and  herein  differs  in  genesis  from  the  posterior  annular  ligament, 
which  is  derived  from  the  superficial  layer  of  the  deep  fascia. 

Anterior  carpal  rete  (hg-  410). — Beneath  the  lower  edge  of  the  pronator  quadratus, 
and  upon  the  front  of  the  wrist  is  a  fine  network  of  vessels,  the  anterior  carpal  rete,  formed 
by  the  anterior  carpal  branches 
of  the  radial  and  ulnar  arteries, 
by  branches  of  the  anterior 
interosseous  and  ascending 
branches  of  the  deep  palmar 
arch,  whose  arrangement  is 
shown  in  the  figure  (fig.  410). 
WheD  the  lingers  are  being 
flexed  the  proximal  interphal- 
angeal  joint  moves  first,  then 
the  distal,  then  the  metacarpo- 
phalangeal. When  being  ex- 
tended the  metacarpophalan- 
geal move  first,  then  the 
proximal,  and  lastly  the  distal 
interphalangeal. 

195.  DISSECTION  OF 
THE  MUSCLES  OF  THE  flexor  Ore  eL<r5g$ 
HAND. — Three  sets  of  short 
muscles  remain  to  be  ex- 
amined, those  of  the  thumb, 
those  of  the  little  finger  and 
the  interossei.  Revise  and  re- 
move the  long  flexor  muscles 
and  clean  the  surfaces  of 
the  short  muscles,  tracing  to 
them  the  branches  of  the  deep 
division  of  the  ulnar  nerve  and 
of  the  deep  palmar  artery. 
The  deep  muscles  are  most 
easily  separated  by  dissecting  them  from  insertion  to  origin. 

A.  Muscles  of  the  ball  of  the  thumb.— Abductor  pollicis  (fig.  4°7)> the 

most  superficial,   arises  from  the  annular  ligament  and   the  tubercle   of  the 
trapezium,  and  is  inserted  into  the  outer  side  of  the  first  phalanx  of  the  thumb. 
It  is  supplied  by  a  branch  of  the  median  nerve,  and  is  often  pierced  by  the 
superficialis  volse  artery,  and  often  consists  of  two  slips. 
Divide  this  iu  the  middle  and  thereby  exhibit  the  following  : — 
Opponens  pollicis  (fig.  416),  arises  beneath  the  last  from  the  annular  liga- 


opponens  poll 
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Fig.  416. — Deep  muscles  of  hand. 
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merit  and  the  outer  side  of  the  trapezium,  it  is  inserted  into  the  whole  length  of 
the  metacarpal  bone  of  the  thumb.  It  is  a  more  or  less  bilaminar  muscle,  and 
is  supplied  by  a  deep  branch  of  the  median  nerve,  which  like  that  to  the  last 
usually  arises  beneath  the  anniilar  ligament  and  perforates  it  to  reach  its 
destination. 

Flexor  brevis  pollicis  (fig.  416)  arises  by  two  heads,  a  superficial  from 
the  trapezium  and  annular  ligament  inserted  into  the  outer  sesamoid  bone,  and 
through  it  to  the  outer  side  of  the  first  phalanx  of  the  thumb,  and  a  deep  head 
from  the  upper  end  of  the  first  metacarpal  bone  from  the  base  of  the  second 
metacarpal  and  the  fibrous  arch  between  them.  This  head  is  inserted  into 
the  inner  sesamoid  bone.     The  long  flexor  tendon  passes  between  these  heads. 


Fig.  417. — Adductor'pollicis 
transversus. 


Fig.  418. — Diagram  of  interossei  muscles — 
The  dorsal  interossei  are  represented  by 
black  lines,  the  palmar  by  dotted  lines. 


Adductor  pollicis  ObliquiIS  (fig.  416)  arises  from  the  anterior  ligaments 
of  the  carpus,  from  the  os  magnum,  and  from  the  head  of  the  third  metacarpal; 
it  is  inserted  into  the  radial  sesamoid  bone  of  the  thumb  overlying  the  long 
flexor  tendon.  This  is  often  described  as  a  part  of  the  deep  head  of  the 
flexor  brevis.     It  is  supplied  by  the  ulnar  nerve. 

Adductor  pollicis  transversus  (figs.  407,  416,  and  417)  arises  from  the 
palmar  surface  of  the  third  metacarpal  bone;  its  fibres  pass  transversely  outwards 
converging  to  be  inserted  into  the  inner  sesamoid  bone.  This  muscle  is  more 
or  less  connected  to  the  last,  but  is  separated  by  the  radial  artery  dipping 
through  to  form  the  deep  palmar  arch.  It  is  supplied  by  the  ulnar  nerve. 
These  three  muscles  are  imperfectly  separable. 

B.  Muscles  of  the  little  finger. — Abductor  minimi  digtti  (fig-  407) 

arises  from  the  pisiform  bone  and  its  ligaments,  and  is  inserted  into  the  ulnar 
side  of  the  base  of  the  first  phalanx  of  the  little  finger  and  its  dorsal  aponeu- 
rosis. It  is  sometimes  supplemented  by  a  longer  fleshy  slip  from  the  fascia 
over  the  tendon  of  the  flexor  carpi  ulnaris. 

Flexor  brevis  minimi  digiti  (fig.  407,-  13)  arises  from  the  unciform 
process,  and  is  inserted  into  the  first  phalanx  and  into  a  fascial  arch  over  the 
sheath  of  the  deep  flexor  tendon.  This  is  separated  from  the  last  by  the 
passage  between  them  of  the  deep  branches  of  the  ulnar  nerve. 

Opponens  minimi  digiti  (fig.  416),  seen  beneath  the  last,  arises  from  the 
unciform  process,  and  is  inserted  into  the  fifth  metacarpal  bone.  A  detached 
piso-uncinate  slip  sometimes  runs  parallel  to  its  lower  border. 

The  deep  palmar  arch  (fig.  410),  formed  by  the  union  of  the  deep  palmar 
branch  of  the  radial  artery  with  the  communicating  branch  of  the  ulnar,  crosses 
the    hand  transverselv  beneath  the  long   tendons   and  on  the  interossei.       It 
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receives  the  perforating  branches  from  the  dorsal  rete  between  the  metacarpal 
bones,  sends  ascending  branches  to  the  anterior  carpal  rete,  muscular  branches 
to  the  surrounding  muscles  and  descending  digital  branches,  which  join  the 
digitals  of  the  superficial  arch  before  their  division. 

IntePOSSei  (fig.  418). — These  are  arranged  in  two  sets  (i)  palmar,  three 
muscles  which  adduct  the  fingers  towards  the  middle  line  of  the  middle  finger, 
and  (2)  dorsal,  four  muscles  which  abduct  the  fingers  from  this  line.  The 
palmar  interossei  have  each  one  head.  The  first  arises 
from  the  base  and  front  of  the  second  metacarpal  bone, 
and  is  inserted  into  the  ulnar  side  of  the  dorsal  aponeu- 
rosis of  the  index  finger.  The  second  arises  from  the 
fourth  metacarpal,  and  is  inserted  into  the  radial  side  of 
the  dorsal  aponeurosis  of  the  ring  finger.  The  third 
from  the  fifth  metacarpal  is  inserted  into  the  radial  side 
of  the  little  finger.  Each  tendon  is  attached  to  each  of 
the  three  phalanges. 

The  dorsal  interossei  have  each  two  heads  arising 
from  the  contiguous  borders  of  the  metacarpal  bones  of 
each  interspace.  The  first  arises  from  the  upper  half 
of  the  first  and  the  whole  length  of  the  second  meta- 
carpal, and  is  inserted  into  the  radial  side  of  the  base 
of  the  first  phalanx  and  dorsal  aponeurosis  of  the  index 
finger,  it  is  an  abductor  indicis. 

The  second  dorsal  interosseous  muscle  is  the 

externus  medii,  arising  from  the  opposed  sides  of  the 
second  and  third  metacarpals,  and  inserted  into  the 
thumb  side  of  the  middle  finger  (tig.  419). 

The  third,  interims  medii,  arises  from  the  opposed 
sides  of  the  third  and  fourth  metacarpals,  and  is  inserted 
into  the  ulnar  side  of  the  middle  finger. 

The  fourth,  abductor  annularis,  arises  from  the  opposed  sides  of  the 
fourth  and  fifth  metacarpals,  and  is  inserted  into  the  ulnar  side  of  the  ring 
finger. 

The  muscles  of  the  thumb  are  liable  to  progressive,  those  of  the  little  finger  to  retro- 
gressive anomalies. 

The  student,  having  removed  the  remaining  muscles  adherent  to  the  bones  of  the  upper 
limb,  should  read  over  the  descriptions  of  the  bones  with  the  recent  specimens  before  him. 


Fig.  419. — Dorsal  inter- 
ossei muscles  of  middle 
finger. 
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196.  The  superficial  topography  of  the  thorax  (§  156),  which  has  been  examined  before 
the  dissection  of  the  pectoral  region,  should  be  revised  on  the  removal  of  the  arms,  and  the 
shape  of  the  thorax  should  be  examined  (§  83). 

Eleven  pairs  of  intercostal  muscles  occupy  on  each  side  the  spaces  between  the  ribs. 
These  should  be  cleaned,  but  without  removing  the  fibrous  sheath  which  covers  the  muscle 
between  the  cartilages  of  the  ribs. 

External  intereOStalS  (fig.  371,  6). — These  arise  by  short  oblique  tendons 
from  the  sharp  outer  margin  of  the  subcostal  groove  of  each  rib;  the  fleshy  fibres 


Fig.  420. — Diagram  showing  the  positions  of  the  thoracic  viscera. 

are  attached  to  these  and  to  their  intervals,  and  descending  forwards,  are  in- 
serted into  the  upper  edge  of  the  rib  below,  the  insertion  being  mostly  by  fleshy 
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fibres.  The  origins  extend  backwards  to  the  tubercles  of  the  ribs,  and  the 
muscles  are  thickest  behind,  where  their  fibres  are  most  oblique.  They  become 
thinner  in  front,  and  between  the  anterior  ends  of  the  bony  ribs  and  in  the 
interchondral  spaces  they  gradually  degenerate  into  an  anterior  intercostal 
membrane  of  oblique  fibres.  In  the  upper  six  spaces  these  membranes  con- 
tinue inwards  to  the  sternum.  In  the  lowest  interspace  the  muscle  may  extend 
to  the  tip  of  the  twelfth  rib  if  that  bone  be  short. 

LevatOPes  COStaPUm  (fig.  360)  are  strong  muscular  fasciculi  which  descend 
from  the  transverse  processes  of  the  dorsal  vertebrae  parallel  to  the  hinder  edge  of 
the  external  intercostal  muscles,  to  be  inserted  into  the  upper  edges  of  the  ribs; 
the  first  arising  from  the  seventh  cervical  transverse  process,  and  the  last  from 
the  eleventh  dorsal.  The  levatores  for  the  ninth,  tenth,  and  eleventh  ribs  have 
additional  long  fascicles  which  extend  to  the  next  succeeding  rib,  levatores 

eostarum  longiores. 

Dissection. — Remove  the  external  intercostals  and  the  anterior  intercostal  membrane 
from  the  first,  second,  fourth,  sixth,  ninth,  and  eleventh  spaces,  and  clean  the  surfaces  of 
the  internal  intercostal  muscles  from  the  areolar  layer  which  covers  them.  The  intercostal 
artery  (§  214)  and  nerve  (§  218)  are  partly  exposed  in  each  space,  and  should  be  traced  in 
the  fourth  and  ninth  interspaces. 

The  internal  intercostals  (fig.  421,  4)  are  weaker,  shorter,  and  less  oblique 
than  the  externals,  especially  behind,  and  arise  from  the  lower  and  inner  edges 
of  the  cartilages  and  ribs  as 
far  back  as  their  angles,  and 
descending  backwards,  are 
inserted  into  the  upper  and 
inner  edges  of  the  ribs  below. 
They  are  thicker  and  have 
longer  fibres  in  front  than 
behind,  and  are  replaced  in 
the  spaces  internal  to  the 
angles     of    the     ribs    by    a 

posterior   intercostal 

membrane,  whose  thickened 
hinder  and  inner  margin 
forms  the  superior  costo- 
transverse ligament  (fig.  204, 
n).  In  the  last  two  inter- 
spaces their  anterior  border  is 
directly  continuous  with  the 
internal  oblique,  to  whose 
fibres  they  are  parallel. 

The  intercostals  approximate 
the  ribs.  When  the  tirst  rib  is 
raised  and  fixed  by  the  scaleni, 
the  external  intercostals  elevate  the 
ribs  and  evert  their  lower  borders, 
thus  enlarging  the  thorax.  The 
usual  actions  of  the  internal  in- 
tercostals have  not  been  definitely 
determined.  While  it  is  probable 
that  under  ordinary  circumstances 
the  two  intercostals  co-operate, 
yet  experiment  has  shown  that 
when  the  last  rib  is  fixed  the  internal  intercostals  depress  the  ribs,  and  so  act  as  expiratory 
muscles.  .From  the  arrangement  of  _  the  muscles  it  is  hard  to  understand  why  they  should 
not  co-operate  with  their  external  neighbours,  with  which  they  are  so  closely  connected 
by  innervation.  On  the  other  hand,  if  they  have  the  same  action  it  is  difficult  to  under- 
stand the  persistence  of  the  structural  dissimilarity. 


Fig.  421. — Anterior  wall  of  the  thorax  seen  from  behind, 
showing  the  internal  intercostals,  triangularis  sterni  (5), 
diaphragm  (7,  8),  and  transversalis  (6,  6'). 
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In  the  lumbar  region  the  costal  processes  (p.  107)  are  united  by  intercostal 
muscles  (anterior  intertransversales).  The  cervical  intercostals  are  two- 
fold— (1)  short  fibres  between  the  costal  processes  (anterior  intertransver- 

sales,  §  490);  (2)  specially  developed  portions  forming  the  scaleni  (§  490). 

Dissection. — Remove  on  the  right  side  the  interchondral  portions  of  the  interna/ 
intercostals  from  the  six  upper  interspaces,  thereby  exposing  the  internal  mammary  artery 
(§  428  and  fig.  421,  9)  and  the  triangularis  sterni  muscle  (fig.  421,  5).  These  can  be  more  fully 
seen  by  dividing  the  cartilages  of  the  second  to  the  sixth  ribs  close  to  the  sternum  and  close 
to  their  junction  with  the  bony  ribs,  and  removing  the  intermediate  pieces. 

Remove  the  intercostal  muscles  from  the  first  and  eighth  spaces  on  the  right  side,  and 
separate  with  the  handle  of  the  scalpel  the  lining  membrane  of  the  thorax  which  underlies 
them,  from  the  inner  surface  of  the  intervening  area  of  the  thoracic  wall.  Cut  across  the 
ribs  from  the  second  to  the  eighth,  5  cm.  external  to  their  angles,  and  cut  the  cartilages  of 
the  seventh  and  eighth  ribs  where  they  join  the  bony  ribs,  removing  this  part  of  the  wall  of 
the  thorax.  The  outside  of  the  pleura  thus  shown  is  rough,  closely  connected  to  the  thin 
subjacent  areolar  layer  (endothoraeic  fascia)  which  intervenes  between  it  and  the 
thoracic  wall. 

TransversilS  thoracis  posterior  is  shown  by  raising  the  pleura  from  the 
back  wall  of  the  thorax  below,  and  consists  of  an  inner  layer  of  the  internal 
intercostals  on  the  subpleural  surface  of  the  ribs,  extending  from  the  inner 
surface  of  some  of  the  lower  ribs,  particularly  the  eleventh,  to  the  inner  surface 
of  the  rib  but  one  above.  These  fibres  form  a  more  or  less  continuous  patch, 
irregular  in  position  and  extent,  beneath  the  pleura,  with  much  tendon  in  their 
structure,  and  co-operate  with  the  internal  intercostals. 


Fig.  422.  — Horizontal  section  through  thorax  of  infant  opposite  the  eighth  dorsal 
intervertebral  disc. 

Dissection. — Divide  the  pleura  along  the  right  side  of  the  sternum,  and  along  the  edges 
of  the  first  and  ninth  ribs,  and  reflect  the  flap  backwards.  The  cavity  of  the  right  pleura  is 
thus  exposed. 
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197.  PLEURA. — The  pleura  is  a  shut  sac  of  serous  membrane  (§  33), 
whose  outer  or  parietal  layer  (p.  COStalis)  lines  the  thoracic  wall,  and  its 
inner  or  visceral  layer  (p.  pulmonalis)  is  adherent  to  the  surface  of  the 
lung,  which  it  renders  smooth.  The  continuity  of  these  layers  with  each  other 
can  be  seen  in  transverse  section  (fig.  422).  The  visceral  and  parietal  layers 
are  in  apposition  and  glide  upon  each  other  during  life,  there  being  no  real 
cavity  between  them  until  the  collapse  of  the  lung  causes  the  walls  to  separate. 

From  the  line  along  which  the  right  pleura  has  been  cut  in  the  dissection,  it 
extends  backwards  and  inwards  to  the  vertebral  column  (fig.  422,  7),  and  from 
thence  is  reflected  on  the  back  of  the  attached  part  of  the  root  of  the  lung.  It  is 
continuous  over  the  surface  of  the  lung,  dipping  into  its  fissures  (ib.,  4),  and 
anteriorly  extends  around  the  thin  edge  as  far  as  the  front  of  the  root,  which 
it  covers,  and  is  from  thence  continued  forwards  on  the  side  of  the  pericardium 
{ib.,  6)  to  the  sternum,  where  it  has  been  divided.  The  apex  of  the  pleura 
passes  upwards  into  the  neck  as  far  as  the  level  of  the  sixth  cervical  vertebra, 
a  little  higher  on  the  right  than  on  the  left  side. 

The  interior  surface  is  smooth,  moist,  and  glistening.  The  right  and  left 
pleural  cavities  are  distinct,  the  membranes  touching  each  other  behind  the 
upper  third  of  the  sternum,  where  they  form  a  thoracic  "ventral  mesentery." 

The  superior  vena  cava  (fig.  420,  v.c. )  bulges  into  the  cavity  of  the  right  pleura  above,  and 
the  phrenic  nerve  (§  412)  descending  on  its  way  to  the  diaphragm,  about  1  cm.  in  front  of  the 
root  of  the  lung,  shines  through  the  membrane  as  it  overlies  the  pericardium.  By  removing 
the  strip  of  pleura  which  covers  it,  its  whole  course  can  be  seen  from  the  point  above  which 
it  emerges  behind  the  subclavian  and  internal  mammary  veins,  and  crosses  in  front  of,  and 
internal  to,  the  internal  mammary  artery,  from  which  it  receives  a  companion  artery,  the 
comes  nervi  phrenici.  The  right  phrenic  nerve  gives  off  one  pericardiac  and  eight  to  ten  pleural 
branches.     The  left  is  longer,  and  crosses  the  aorta  and  passes  rouud  the  apex  of  the  heart. 

Ligamentum  pulmonale. — Below  the  root  of  the  lung  the  parietal  joins 
the  pulmonic  pleura  by   a  fold  which   stretches  from  the  former  on  a  plane 
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Fig.  423. — View  of  left  side  of  upper  opening  of  the  thorax  from  below,  showing  the  dome-like 
upper  portion  of  the  endo-thoracic  fascia. 

behind  the  pericardium  to  the  hinder  edge  of  the  inner  surface  of  the  lung,  and 
extends  externally  from  the  root  of  the  lung  above  as  far  as  the  diaphragm  below, 
and  having  a  free  falciform  edge  between  the  lung  and  the  diaphragm.  This  is 
seen  in  horizontal  section  in  fig.  422,  in  coronal  section  in  fig.  450. 
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Pleural  Sinuses. — The  pleura  does  not  descend  quite  to  the  costal  origins 
of  the  diaphragm,  nor  is  the  pulmonary  pleura  co-extensive  with  the  costal  and 
diaphragmatic  except  during  forced  inspiration ;  hence  there  are  marginal 
sinuses  along  the  lower  and  front  edges  of  the  cavity,  where  the  inner  surfaces 
of  folds  of  the  parietal  pleura  lie  on  each  other.  There  are  three  such 
sinuses  : — (i)  DiaphragTUatO-COStal,  along  the  costal  origin  of  the  diaphragm; 
(2)  pericardio-sternal,  between  the  pericardium  and  the  sternum  (fig.  422,  9); 
and  (3)  mediastino-diaphragrnatie,  between  the  lower  margin  of  the  peri- 
cardium and  the  diaphragm. 

Along  the  edge  of  the  second  and  third  of  these  sinuses  and  in  the  vicinity  of  the  phrenic 
nerve  (fig.  424,  19)  there  are  loose  folds  (pliese  villosse),  chiefly  of  the  pleura,  which  covers 
the  pericardium.  These  are  largest  close  to  the  diaphragm,  contain  masses  of  fat,  and  are 
fringed  on  their  margin  with  villi  {ib.,  12).  When  the  pleura  requires  tapping  to  evacuate 
accumulation  of  fluid,  it  can  be  most  easily  opened  in  the  sixth  or  seventh  interspace,  midway 
between  the  sternum  and  the  spine. 

The  endothelial  cells  of  the  pulmonic  layer  of  the  pleura  are  thick  and  polygonal  when  the 
lungs  are  collapsed,  flattened  during  inspiration.  On  the  parietal  layer  the  stomata  are  numerous 
on  the  intercostal  spaces,  but  nearly  absent  under  the  ribs.  The  connective  tissue  basis  is  thick 
in  the  costal  and  mediastinal  pleura,  thinner  in  the  diaphragmatic,  thinnest  in  the  pulmonic. 

The  endo-thoraeic  fascia,  seen  by  tearing  off  the  costal  pleura,  becomes 
stronger  towards  the  top  of  the  cavity,  where  it  forms  a  strong  dome  attached 
to  the  concave  border  of  the  first  rib,  and  to  the  costal  process  of  the  seventh 
cervical  vertebra  above  the  apex  of  the  lung  (fig.  423).  A  few  spreading  muscular 
fascicles,  segmented  from  the  lowest  origin  of  the  scalenus  posticus,  are  attached  to 
it.     Over  the  diaphragm  this  fascia  is  not  separable  from  the  sheath  of  the  muscle. 

The  areolar  basis  of  the  pulmonic  pleura  is  continuous  with  the  interlobular  tissue  of  the 
lung,  and  through  this,  at  the  root  of  the  lung,  with  the  mediastinal  areolar  tissue,  which  is 
connected  above  with  the  cervical  fascia.  This  material  is  rich  in  elastic  tissue,  and  contains 
some  unstriped  fibres  at  the  root  of  the  lung  ;  it  is  permeated  by  a  wide-meshed  network  of 
capillaries  derived  from  the  bronchial  arteries,  and  of  superficial  tymphatics  which  pass  from 
the  sub-endothelial  layer  to  the  deeper  lymph  channels.  In  the  mediastinal  tissue  there  are 
strong  though  indefinite  fibrous  bands,  which  descend  from  the  prevertebral  fascia  through 
the  superior  mediastinum,  along  the  side  of  the  oesophagus  on  the  right  side,  aud  across  the 
aorta  on  the  left.  These  become  diffused  in  the  tissues  in  front  of  the  roots  of  the  lungs,  and 
can  be  made,  by  dissection,  to  assume  the  appearance  of  ligamentous  bands,  and  have  been 
named  suspensory  ligaments  of  the  diaphragm. 

Dissection. — Open  now  the  left  side  of  the  thorax  by  dividing  the  second  to  the  sixth  ribs 
2  cm.  external  to  their  cartilages,  and  8  cm.  in  front  of  their  angles,  cut  through  the  first 
and  eighth  intercostal  spaces,  and  remove  the  detached  part  of  the  wall.  The  left  pleura 
appears  longer,  narrower,  descends  lower,  but  does  not  ascend  as  high  as  the  right,  is  more 
deeply  indented  by  the  pericardium  internally,  and  the  aorta  projects  into  it  above  and 
behind  (fig.  422,  21).     The  left  subclavian  artery  also  indents  its  apex. 

By  drawing  the  sternum  a  little  forwards,  the  right  and  left  COStO-mediastinal  Slllei 
are  shown.  The  level  of  the  former  is  a  line  drawn  from  the  right  sterno-clavicular  joint, 
almost  to  the  left  border  of  the  pre-mesosternal  joint,  and  continued  downwards  and  a  little 
to  the  right  to  reach  the  middle  of  the  sternum  opposite  the  cartilage  of  the  fifth  rib,  from 
which  it  bends  again  to  the  left  as  far  as  the  left  side  of  the  metasternum  where  it  turns 
again  sharply  to  the  right.     The  student  should  trace  these  lines  on  the  living  thorax. 

The  bottom  of  the  left  costo-mediasthial  sulcus  corresponds  to  a  nearly  vertical  line  drawn 
from  the  left  sterno-clavicular  joint  to  the  level  of  the  fourth  costo-vertebral  joint ;  there  it 
bends  to  the  left  as  far  as  the  junction  of  the  seventh  rib  with  its  cartilage. 

198.  MEDIASTINA. — Between  the  two  pleurae  there  is  an  intermediate 
region,  stretching  from  the  sternum  to  the  vertebral  column.  This  partition 
space  or  mediastinum  is  divided  for  convenience  into  four  parts. 

1.  Superior  mediastinum,  between  the  presternum  in  front  and  the 
four  upper  dorsal  vertebrae,  having  the  pericardium  below  and  the  plane  of 
the  upper  opening  of  the  thorax  above.  In  this  space  are  the  great  vessels  and 
the  thymus  gland,  the  trachea  and  oesophagus. 

2.  Anterior  mediastinum  is  the  shallow  space  between  the  meso-  and 
metasternum  in  front  and  the  pericardium  behind. 
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3.  Middle  mediastinum  is  the  wide  central  cavity  containing  the  pul- 
monary roots,  the  pericardium  and  its  contents,  the  phrenic  nerve,  and  the 
bifurcation  of  the  trachea,  intermediate  between  the  last  and  next  spaces. 

4-  Posterior  mediastinum  is  the  region  between  the  pericardium  in  front 
and  the  eight  lower  dorsal  vertebra?  behind. 

All  these  spaces  are  laterally  bounded  by  the  mediastinal  layers  of  the 
pleurae. 

Dissection. — Detach  the  right  pleura  from  the  back  of  the  sternum,  cut  that  bone  across 
3  cm.  below  its  upper  edge,  and  also  on  the  level  of  the  lower  edge  of  the  sixth  costal  cartilage, 
and  vertically  divide  it  between  these  lines  a  little  to  the  left  of  the  middle  line  and  remove 
its  right  portion  without  injuring  the  subjacent  parts. 

199.  THE  ANTERIOR  MEDIASTINUM  thus  exposed  is  small,  bounded  in 
front  by  the  left  border  of  the  sternum  (fig.  424,  2)  and  the  ends  of  the  fourth, 
fifth,  and  sixth  left  costal  cartilages,  on  each  side  by  the  pleurse,  and  behind  by 
the  pericardium  (ib.,  4);  above,  it  is  shut  off  from  the  superior  mediastinum  by 
the  contact  of  the  two  pleurae  behind  the  pre-inesosternal  joint;  below,  it  corre- 
sponds to  the  left  costo- xiphoid  opening  in  the  diaphragm  (§  314).  It  contains 
lymphatic  glands,  sterno-pericardial  ligaments,  a  small  portion  of  the  triangularis 
stemi,  usually  a  short  part  of  the  left  mammary  artery,  and  areolar  tissue. 


Fig.  424. — Anterior  mediastinum  and 
sterno-pericardial  ligaments. 


Fig.  425. — Diagrammatic  view  of  the  inside  of  the 
pericardium,  the  heart  being  removed. 


These  are  closely  connected  with  those  extra-mediastinal  parts,  such  as  the  rest  of  the 
internal  mammary  artery  and  of  the  triangularis  muscle  which  lie  between  the  pleurae  and 
the  costal  cartilages,  and  which  can  be  most  easily  examined  along  with  the  structures  in  this 
region. 

The  lymphatic  glands  are  in  two  sets.  The  parietal  lie  along  the  line  of  the 
internal  mammary  artery  (fig.  421,  9),  one  above  each  of  the  upper  rib  cartilages. 
Three  or  four  are  internal,  on  the  back  of  the  sternum.  The  lymphatic  vessels 
make  a  loose  plexus,  and  unite  into  a  large  lymph  trunk  which  enters  the 
superior  mediastinum.     The  second  or  mediastinal  series  consist  of  three  glands 
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united  by  a  plexus  of  lymphatic  vessels  on  the  front  of  the  pericardium.  Its 
ascending  lymph  trunks  join  the  parietal  set. 

Triangularis  Sterni  (fig.  421),  partly  seen  before  on  the  right  (§196), 
but  now  easily  exposed  on  the  left,  arises  by  a  thin  fibrous  expansion  from  the 
lateral  margin  of  the  sternum  as  far  up  as  the  cartilage  of  the  third  rib,  and  from 
the  upper  edges  of  the  second  to  the  seventh  costal  cartilages.  The  lower  fibres 
pass  neaidy  horizontally  outwards,  the  upper  ascend  nearly  vertically,  and  all, 
becoming  fleshy,  are  inserted  into  the  lower  and  inner  surfaces  of  the  cartilages 
of  the  sixth,  fifth,  fourth,  and  third  ribs,  and  into  2  cm.  of  the  bony  end  of  the 
second  rib  and  the  extremity  of  the  first.  It  separates  the  internal  mammary 
artery  from  the  pleura,  and  acts  as  a  depressor  of  the  costal  cartilages.  It  is 
on  the  same  plane  as  the  transversalis  abdominis  (§  240). 

The  sterno-perieardial  ligaments  (fig.  424,  8,  9)  are  two  weak  and 

variable  fibrous  bands  attached  to  the  front  of  the  pericardium  (ib.,  4),  and 
to  the  upper  and  lower  parts  of  the  sternum  (ib.,  1,  3).  The  superior  is 
strong  and  sometimes  cord-like  ;  the  inferior  is  weak,  often  double. 

Dissection. — Divide  these,  remove  the  left  half  of  the  sternum,  and  reflect  the  pleurae 
from  the  sides  of  the  pericardium  as  far  back  as  the  roots  of  the  lungs,  leaving  the  phrenic 
nerves  in  place. 

200.  THE  PERICARDIUM  (figs.  426,  g;  451)  is  a  somewhat  conical  sac 
enclosing  the  heart,  having  its  base  below  closely  attached  to  the  middle 
leaflet  of  the  tendon  of  the  diaphragm  (fig.  424,  7),  especially  at  the  opening 
for  the  inferior  vena  cava,  but  more  loosely  attached  to  the  muscular  tissue 
around.  The  apex  above  is  continued  into  the  sheaths  of  the  great  vessels 
ascending  into  the  superior  mediastinum  and  through  these  into  the  cervical 
fascia  (ib.,  13).  Nine  vessels  traverse  and  receive  sheaths  from  it  above  and 
posteriorly;  the  two  pulmonary  veins  and  pulmonary  artery  on  each  side,  and 
the  aorta,  superior  vena  cava,  and  the  obliterated  ductus  arteriosus  above. 
The  inferior  vena  cava  pierces  it  below,  but  receives  no  definite  sheath. 

Dissection. — Divide  the  front  of  the  pericardium  vertically  from  the  aorta  to  the 
diaphragm,  and  transversely  at  the  level  of  the  roots  of  the  lungs. 

The  inner  layer  is  a  smooth  serous  membrane,  which  not  only  lines  the 
fibrous  layer,  but  is  reflected  around  the  several  vessels  on  the  surface  of  the 
heart  which  it  covers,  thus  bounding  the  so-called  cavity  of  the  pericardium. 
There  is,  however,  no  free  space,  as  the  parietal  layer  fits  close  to  the  heart  in 
diastole.  The  line  of  reflection  of  the  serous  layer  on  the  heart  is  very 
irregular,  as  the  membrane  forms  a  series  of  pouches  between  the  vessels. 
The  largest  of  these  is  the  great  oblique  sinus  between  the  inferior  vena 
■cava  on  the  right,  and  the  inferior  left  pulmonary  vein,  which  ascends  behind  the 
heart  to  the  upper  and  back  edge  of  the  left  auricle  (fig.  425).  A  second  smaller 
pouch  lies  between  the  inferior  vena  cava  and  the  inferior  right  pulmonary 
vein.  Similar  pouches  intervene  between  the  pulmonary  veins,  one  on  each 
side ;  a  fifth  is  situated  between  the  upper  right  pulmonary  vein,  and  the 
superior  vena  cava,  at  the  bottom  of  which  the  right  pulmonary  artery  projects. 
A  sixth  reflection,  the  sinus  transversUS,  differs  in  having  become  perforated 
at  the  bottom,  and  dips  between  the  superior  vena  cava  and  the  aorta,  and  from 
thence  passes  to  the  left  under  the  aorta  and  the  pulmonary  artery,  having  the 
•top  of  the  left  aui'icle  below.  The  seventh  pouch  is  that  between  the  left 
pulmonary  artery  above  and  the  upper  left  pulmonary  vein  below  and  it  is 
•bounded  internally  by  a  crescentric  fold  of  the  serous  membrane,  the  vestigial 
fold,  containing  in  its  free  border  the  remains  of  the  left  superior  vena  cava. 

In  structure  the  parietal  layer  of  the  pericardium  consists  of  two  almost  inseparable 
strata,  an  outer  fascial  layer  composed  of  several  laminae  of  mostly  longitudinal  white  and 
yellow  fibres,  continuous   into  the   sheaths   of  the  vessels  which   pierce  it,   and  an  inner 


HEART. 


319 


representing  a  serous  membrane  lined  by  irregular  cells  of  flattened  endothelium  with  no 
stomata.  The  basement  layer  contains  many  elastic  fibres  and  fine  nerve  twigs  from  the 
phrenic.  The  visceral  layer,  called  sometimes  epicardium,  shows  on  its  surface  a  few 
stomata ;  its  connective  layer  is  softer,  and  continuous  with  the  intermuscular  connective 
tissue  of  the  heart ;  hence  this  layer  cannot  be  dissected  off  as  a  continuous  membrane.  Fat 
is  often  laid  down  in  the  deep  parts  of  the  tissue.  Its  surface,  especially  along  the  grooves  and 
auricular  edge,  is  closely  beset  with  fine  villi,  and  there  is  a  rich  sub-endothelial  lymphatic 
plexus.  Its  vessels  are  derived  from  the  mediastinal  branches  of  the  internal  mammary  and 
from  the  coronary  arteries,  with  twigs  from  the  oesophageal  and  phrenic,  and  its  veins  chiefly 
go  into  the  tributaries  of  the  vena  azygos.  The  pericardium  is  developed  as  a  down -displaced 
part  of  the  ccelom  (§  33).  In  surgery,  when  this  membrane  requires  tapping  the  puncture 
should  be  made  on  the  left  side  in  the  fourth  or  fifth  interspace,  near  the  sternum. 

201.  THE  HEART. — The  heart  is  a  blunt  flattened  cone,  having  a  lai-ge 
convex  surface  directed  upwards  and  forwards ;  a  smaller,  flatter  surface 
downwards  and  backwards ;  a  flaccid,  thin   edge  in  front  and  below,  and   a 


Fig.  426. 


-View  of  the  front  of  the  heart,  as  shown  when  the  front  wall 
of  the  pericardium  is  removed. 


shorter,  thick  edge  behind  and  to  the  left.  Its  apex  is  directed  forwards  and 
to  the  left,  and  its  base  upwards,  backwards,  and  to  the  right,  crossing  the 
sixth,  seventh,  and  eighth  dorsal  vertebra;  obliquely.  During  life  its  shape 
varies,  becoming  more  hemispherical  during  dilatation  or  diastole,  but  its  action 
does  not  alter  its  vertical  measurement.     (For  superficial  landmarks,  see  p.  262.) 

The  heart  at  birth  weighs  25  grammes,  and  has  a  volume  of  23  c.cm.,  but  in  later  years 
its  dimensions  vary  with  age,  sex,  stature,  muscular  development,  and  state  of  health. 
Measurements  of  such  a  flexible  organ  are  apt  to  vary  according  to  method.  Its  rate  of 
growth  is  greatest  between  birth  and  the  end  of  the  third  year,  after  which  it  grows  more 
slowly  until  fourteen,  then  it  increases  more  rapidly  until  eighteen,  after  which  the  rate  of 
growth  diminishes  steadily  until  thirty-five,  when  the  organ  attains  its  maximum  size.  From 
this  age  until  fifty  there  is  no  appreciable  change,  but  after  that  period  the  heart  undergoes 
diminution.  Generally  speaking,  the  adult  has  5  grammes  of  heart-weight  to  the  kilo,  of 
body -weight.  The  female  heart  averages  5  per  cent,  less  than  the  male,  but  is  affected  also, 
though  to  a  less  degree,  by  body-weight  and  stature.  These  rates  are  determined  by 
measurements  on  comparable  individuals.  Size  of  heart  increases  proportionally  as  the 
stature  of  the  adult  rises  from  155  to  170  cm.,  there  being  on  an  average  180  c.cm.  for 
«ach  100  cm.  of  height.  Above  170  cm.  the  increase  does  not  seem  to  proceed  at  the  same 
rate  unless  bulk  and  muscular  development  keep  pace  with  stature.  The  volume  of  the 
male  adult  heart  averages  270  c.cm.,  that  of  the  female,  235  c.cm.;  the  average  weight  in 
the  male  is  230  grammes,  in  the  female,  190;  the  maximum  length  of  the  average  male  heart 
is  145  mm.;  the  maximum  breadth,  102;  the  thickness,  89  mm.,  and  the  circumference  at 
base'  238  mm.  It  is  the  x^jyth  part  of  the  weight  of  the  infant  at  birth,  the  rs^th  of  the 
adult  man,  the  T^th  of  the  adult  woman.  The  axis  of  the  adult  heart  is  inclined  at  an 
angle  of  40°  to  the  horizon,  and  of  450  to  the  "median  sagittal  plane. 
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Parts  seen  on  opening  the  pericardium. — The  heart  consists  of  four 

chambers,  as  has  already  been  noted  (§49)-  0n  the.  front  of  the  heart  (fig. 
426  and  427,  A)  the  largest  element  is  the  wall  of  the  right  ventricle  (fig.  426,  3), 
which  tapers  upwards  to  the  root  of  the  pulmonary  artery  (ib.,  4),  and  is 
separated    from    the    right   auricle   (2)   above    by    the    aurieulo-ventricular 


Arch  of  aorta. 

Ductus 
arteriosus. 

Pulmonary 

art. 
Left  auricle 


Aorta. 
Left  pulm.  art 


Apex. 
Fig.  427. — View  of  the  heart  removed  from  the  body  — A,  front  view  ;  B,  back  view. 

groove,  and  from  the  left  ventricle  (6)  by  the  anterior  interventricular 
Sulcus.  The  right  auricular  appendix  overlaps  the  root  of  the  aorta,  which 
appears  above  it  (8),  with  the  superior  vena  cava  (1)  along  its  right  border ; 
the  left  auricular  tip  (7)  is  moulded  on  the  left  side  of  the  pulmonary  artery. 

The  surface  of  the  heart  is  divided  by  an  oblique  aurieulo-ventricular  groove 
into  an  auricular  or  atrial  mass  above  and  behind,  and  a  ventricular  portion 


Fig.  428. — Back  of  the  heart,  showing  the 
coronary  arteries. 


Fig.  429. — Front  of  the  heart,  showing  the 
coronary  arteries. 


below  and  in  front.  The  former  is  crescenbic,  embi'acing  the  two  great  arteries 
in  its  concavity,  the  horns  of  the  crescent  being  the  auricular  appendices;  the 
latter  is  conoidal. 


VASCULAR  SUPPLY  OF  THE  HEART. 
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Descending  from  the  auriculo-ventricular  groove  towards  the  apex  are  four 
shallow  grooves,  an  anterior  interventricular  beginning  under  the  left 
auricular  appendix,  leftward  of  the  pulmonary  artery,  and  ending  to  the  right 
of  the  apex;  a  right  marginal  a  little  in  front  of  the  thin  edge;  a  posterior 
interventricular  on  the  hinder  surface  beginning  at  the  opening  of  the 
inferior  vena  cava;  and  a  left  marginal  along  the  thick  edge. 

Dissection. — Remove  the  epicardium  and  fat  along  these  grooves  and  the  nutrient 
vessels  and  nerves  of  the  heart  are  exposed. 

The  right  coronary  artery  arises  from  the  right  side  of  the  aorta 
immediately  above  its  root,  and  emerges  between  the  pulmonary  artery  and  the 
right  auricle.  It  passes  to  the  right  in 
the  auriculo-ventricular  groove,  and  sends 
upwards,  close  to  its  origin,  a  right 
auricular  branch,  which  winds  between 
the  aorta  and  the  right  auricle,  and  dis- 
tributes branches  to  the  aorta,  pulmonary 
artery,  the  right  auricle,  and  the  auricular 
septum.  It  gives  downwards,  1st,  a  branch 
to    the  front  wall  of  the  right  ventricle 

(pre ventricular) ;  2nd,  a  right  mar- 
ginal artery;  and  3rd,  a  posterior 
interventricular,  running  in  their  re- 
spective grooves. 

The  left  coronary  (fig.  429)  arises 

a  little  higher  than  the  right,  and  emerges 
between  the  pulmonary  artery  and  the  left 
auricle,  passing  leftward  in  the  auriculo- 
ventricular    groove.      As    it    emerges   it 

gives  off  a  large  anterior  interven- 
tricular branch,  and  farther  on  a  left 
marginal. 

The  two  coronary  arteries  anastomose 
by  a  few  superficial  branches  in  the  auriculo-ventricular  and  (occasionally)  in 
the  interventricular  grooves,  but  they  only  communicate  by  very  minute 
branches  in  the  heart  substance.  They  have  a  thick  inner  coat,  and  their 
capillaries  terminate  by  becoming  confluent  and  giving  rise  to  wide  venous 
radicles. 

The  Cardiac  veins  (fig-  43°)  accompany  the  arteries  and  have  single  valves 

at  each  confluence.    The  anterior  interventricular  joins  the  left  auricular 

vein  and  runs  backwai'ds  in  the  auriculo-ventricular  groove  (ib.,  10);  and 
from  the  junction  onwards  is  called  the  coronary  vein,  receiving  the  left 

marginal  (9)  and  posterior  interventricular  {ib.,  8).  The  right  auri- 
cular vein  ((6.,  7)  passes  in  the  auriculo-ventricular  groove  and  is  joined  by 
the  preventricular  and  right  marginal  veins,  joining  the  conorary  trunk 
close  to  its  termination  and  having  a  double  valve  at  its  mouth. 

A  minute  oblique  vein  (ib.,  1),  often  represented  by  an  impervious  streak,  crosses  the  left 
auricle  from  the  lower  end  of  the  vestigial  fold  to  the  coronary  vein,  which  becomes  dilated 
and  thickened  in  coats  from  the  junction  onwards.  This  wider  part,  or  COPOnary  sinus, 
with  the  oblique  and  vestigial  veins,  represent  the  remains  of  the  left  superior  vena  cava. 
Two  valves  mark  the  transition  from  the  coronary  vein  to  the  coronary  sinus. 

Along  each  coronary  artery  run  the  branching  and  gangliated  coronary  nerves  (§  218). 

Dissection.— Before  the  removal  of  the  heart  from  the  body  its  four  cavities  are  to  be 
examined  in  situ,  in  the  order  in  which  the  blood  passes  through  them  in  circulation. 

Draw  the  heart  towards  the  left  side  of  the  thorax  and  on  the  couvex  and  somewhat 
quadrilateral  antero-dextral  wall  of  the  right  auricle  is  seen  a  faint,  somewhat  depressed,  line, 
the  SUlCUS  or  stPia  terminalis,  extending  from  the  right  of  the  superior  vena  cava  to  the 

21 


Fig.  430. — Back  view  of  heart,  showing 
coronary  veins  — 2,  left  auricle  ;  3,  right 
pulmonaiy  veins ;  4,  superior  vena  cava ; 
5,  inferior  vena  cava ;  6,  right  auricle. 
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left  of  the  inferior  vena  cava  (§  53).  Open  the  cavity  of  the  right  auricle  by  making  two 
incisions,  one  alone  the  right  side  of  the  stria  terminalis  and  a  second  from  the  mid-point 
of  the  first  to  the  extremity  of  the  auricular,  appendix.  As  each  cavity  of  the  heart  is 
opened  it  should  be  washed  out  with  hot  water. 
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Fig.  431. — Interior  of  right  auricle  and  right  ventricle. 


202.  RIGHT  AURICLE. — The  interior  of  the  auricle  (figs.  431,  432)  appears 
irregular,  but,  like  the  other  cavities  of  the  heart,  it  is  lined  by  a  delicate  smooth 
membrane,  the  endocardium,  which  is  the  morphological  equivalent  of  the 
middle  and  inner  coats  of  the  blood-vessels,  with  which  it  is  continuous.  It 
consists  of  a  layer  of  endothelium  upon  a  variably  laminated  connective  tissue 
basis  whose  deepest  layer  is  continuous  with  the  intermuscular  tissue  of  the 
heart,  and  is  thick  between,  and  thin  over  the  projecting  muscular  bundles. 

This  tissue  is  rich  in  elastic  fibres,  which  are  fine  towards  the  surface,  coarser  in  the 
deeper  layers  and  in  spots  flattened  into  a  fenestrated  membrane,  especially  near  the  orifices. 
Some  unstriped  muscular  fibres  are  embedded  in  this  tissue,  and  in  the  right  ventricle  its 
deepest  layer  contains  the  transitional  fibres  Of  Purkinje  (§41). 

Within  the  cavity  of  the  right  auricle  the  following  appearances  are  to 
be  noted  : — 

1.  The  opening  of  the  superior  vena  Cava  (fig.  431)  placed  above  and  to 
the  right  and  directed  a  little  forwards,  the  only  large  cardiac  aperture  without 
a  valve  (fig.  432,  10). 

2.  The  opening  of  the  inferior  vena  Cava  (fig.  432,  1)  is  below  and  to  the 
right,  and  directed  upwards  and  to  the  left.  The  axes  of  the  two  caval  openings 
in  the  adult  intei-sect,  forming  an  angle  of  1300,  salient  forward. 

3.  The  mouth  of  the  coronary  Sinus  is  situated  in  the  middle  line  of 
the  body,  between  the  last  and  the  next  openings. 

4.  The  aurieulo-ventrieular  opening"  (fig.  431)  appears  as  a  smooth 

funnel-shaped  passage,  somewhat  reniform  in  lumen,  lying  below,  leftward  and 
in  front  of  the  other  apertures.  Its  plane  is  oblique,  with  its  long  axis  directed 
downwards,  forwards,  and  to  the  right. 

5.  Scattered  over  the  auricle  are  about  twenty-three  minute  pits,  the 
foramina  Thebesii  ;  two-thirds  of  these  are  blind,  and  one-third  are  the 
mouths  of  small  veins,  of  which  one,  the  right  auricular  vein,  is  constant,  and 
opens  on  the  right  of  the  septal  wall  below  the  superior  vena  cava,  the  vena 
Galeni  cordis  (fig.  432,  8). 
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6.  Other  appearances  claim  attention  besides  the  openings.  The  inferior 
caval  opening  is  guarded  by  a  crescentic,  imperfect,  often  fenestrated  fold,  the 
Eustachian  valve  (fig.  432,  2).  This  is  the  persistent  right  lip  of  the  saccus 
venosus  (§  53),  and  lies  in  the  adult  obliquely  on  the  front  and  left  side  of 
the  orifice,  having  its  concavity  directed  towards  the  right  shoulder.  Its  left 
cornu  is  continuous  on  the  septum  with  the  left  pillar  of  the  annulus  ovalis 
(ib.,  6),  while  its  right  passes  into  the  tsenia  terminalis  (§  53;  fig.  431).  The 
valve  consists  of  a  duplicature  of  endocardium  enclosing  a  network  of  muscular 
fibres,  and  is  strengthened  by  a  slender  fibrous  thread  (tetldo  valVUlSB 
Eustachii)  near  its  margin. 

7.  The  opening  of  the  coronary  sinus,  originally  that  of  the  left  superior 
vena  cava,  is  guarded  by  the  crescentic  and  often  fenestrated  Thebesian  valve 
(tig.  432,  3),  whose  attached  convexity  is  below  and  to  the  right,  and  whose 
free  concave  margin  is  directed  to  the  left.  It  is  only  a  thinned  area  of  the 
auricular  wall  isolated  by  the  obliquity  of  the  vein,  and  consists  of  a  fold  of 
endocardium  into  which  the  fibres  of  the  auricle  are  continued. 

Neither  of  these  so-called  valves  can  do  more  thau  influence  the  direction  of  the  blood, 
especially  in  foetal  life,  passing  through  the  orifices ;  they  are  incompetent  to  prevent 
regurgitation. 

8.  On  the  posterior  or  septal  wall  is  a  rounded  blind  arch,  the  annulus 
OValiS  (fig-  432,  7),  which  in  the  fcetus  was  the  inferior  margin  of  the  septum 
superius  (§  53).    Its  concavity  is  directed  downwards,  forming  the  upper  boundary 


Fig.  432. — Section  of  right  auricle  and  ventricle,  showing  the  position  of  the  coluninse 
carnese — 10,  superior  vena  cava;  n,  cut  edge  of  ventricle;  12,  anterior  cusp  of 
tricuspid  valve;  13,  right  cusp ;  14,  anterior  musculus  papillaris;  16,  septal  wall ;  18, 
pulmonary  artery;  19,  semilunar  valves.     20,  Aorta  ;  21,  22,  23,  its  branches. 

of  a  depressed  area,  the  fossa  OValiS  (fig.  432,  5).  The  floor  of  this  fossa  is  the 
thinnest  part  of  the  septum,  and  is  formed  of  the  valvula  sinistra,  or  left  wall 
of  the  saccus  reuniens,  and  will  be  better  seen  when  the  left  auricle  is  opened . 
The  fossa  is  about  20  mm.  high  and  14  broad,  and  its  lower  end  merges  into  the 
wall  of  the  inferior  vena  cava. 
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The  annulus  in  the  foetus  bounded  an  opening,  the  foramen  ovale  (fig.  148),  which  closes  at 
birth  by  the  adhesion  of  the  valvula  sinistra  to  the  septum  superius ;  in  33  hearts  out  of 
every  100  an  opening  remains  under  the  annulus,  but  this  is  usually  so  oblique  as  to  be 
practically  closed. 

9.  Above  the  annulus  there  is  a  variable  convexity,  the  tuberculum 
Loweri,  on  the  septal  wall  below  the  mouth  of  the  superior  vena  cava,  pro- 
duced by  the  projection,  behind  the  auricular  wall,  of  a  small  areolar,  often  fatty, 
mass  at  the  margin  of  the  auricular  septum,  in  front  and  on  a  plane  between 
the  ojDenings  of  the  right  pulmonary  veins.  Continuous  with  this  there  is  an 
obscure  ridge,  the  tSBIlia  sagittalis  (tig.  432,  4),  marking  the  margin  of  the 
foetal  septum  spurium  (tig.  143,  sp.)  on  the  inner  surface  of  the  front  wall  below 
the  superior  vena  cava  (p.  84). 

10.  Along  the  line  of  the  sulcus  terminalis  a  faintly  prominent  line  appears 
on  the  inner  surface  of  the  auricular  wall,  the  tSBnia  terminalis,  marking 
part  of  the  line  of  junction  of  the  saccus  reuniens  and  auricular  wall. 

11.  The  inner  surface  of  the  front  wall  leftward  of  the  taenia  marginalia  is 
roughened  by  a  series  of  parallel  muscular  bundles  with  thin-walled  interspaces 
(pilasters  or  muSCllli  pectinatl — fig-  431)-  These  are  most  numerous  and 
somewhat  reticulated  at  the  auricular  appendix,  in  which  the  wall  is  rough 
and  the  cavity  contracted  into  a  digital  pouch. 

The  cavity  of  the  right  auricle,  like  that  of  each  of  the  other  cardiac  cavities, 
has  a  capacity  of  9  c.cm.  at  birth,  but  dilates  to  150  c.cm.  in  the  adult,  and  its 
wall  has  an  average  thickness  of  1  mm.     The  auricles  are  sometimes  called  atria. 

203.  THE  RIGHT  VENTRICLE. —On  the  front  wall  of  this  cavity  there 
is  usually  in  the  adult  heart  an  opalescent  patch  of  variable  size  (the  milk  spot). 
The  cavity  is  to  be  opened  by  two  incisions,  a  vertical  through  the  anterior  wall 

to  be  begun  1  cm.  to  the  right 
of  the  anterior  interventricular 
groove,  carried  from  below  the 
origin  of  the  pulmonary  artery  to 
the  right  or  thin  edge,  and  a 
second  parallel  to  and  below  the 
auriculo-ventricular  groove,  from 
the  upper  end  of  the  former  cut 
to  the  thin  edge.  On  raising  the 
anterior  wall  the  interior  shows  an 
intricate  arrangement  of  projec- 
ting muscular  bands  (columnSB 
carneSB),  whei'eof  some  are  mere 
pilasters  or  ridges  on  the  wall, 
others  are  trabecular  or  bridges 
attached  at  each  end  and  free  medially.  One  such  bridging  fascicle  prevents 
the  complete  reflection  of  the  anterior  wall,  being  attached  thereto  by  one 
end,  and  to  the  septal  wall  by  the  other.  This  band  is  named  the  moderator 
band ;  it  is  frequently  represented  by  a  net  of  reticular  bands  instead  of 
being  a  single  strong  bridge  as  in  the  sheep's  heart.  Towards  the  margin 
and  apex  of  the  cavity  the  trabecular  are  smaller,  more  numerous,  and  more 
closely  reticulated. 

A  third  class  of  fleshy  columns,  the  niUSCUli  papillares  are  attached  by 
their  bases  to  the  heart  wall,  and  at  their  other  extremity  are  connected  by 
tendinous  cords  to  the  valves  guarding  the  auriculo-ventricular  opening.  Of 
the  three  great  musculi  papillares  in  the  right  ventricle,  the  largest  is  anterior, 
attached  to  the  front  wall,  above  and  in  contact  with  the  moderator  band.  The 
second  is  to  the  right  and  is  also  attached  to  the  anterior  wall  close  to  the  right 
margin  of  the  cavity ;  the  smallest  is  attached  to  the  septal  wall  and  is  posterior. 
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Fig.  433. — Scheme  of  section  through  ventricle 
during  diastole,  showing  open  auriculo-ven- 
tricular and  closed  aortic  valves. 
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Fig.  434. — Scheme  of  section  through  ventricle  during  systole, 
showing  closed  auriculo-ventricular  and  open  aortic  valves. 


The  cavity  of  the  ventricle  is  divisible  into  a  body  below  and  an  infundi- 
bulum  or  smoother  part  which  tapers  upwards  and  to  the  left  to  the  root  of 
the  pulmonary  artery.  The  former  communicates  with  the  auricle  by  the 
auriculo-ventricular  opening,  whose  mouth,  as  seen  from  the  ventricle,  is 
bordered  all  round  by  a  continuous  down-hanging  membranous  lip,  the  tricus- 
pid Valve,  so-called, 
because  its  free  border 
is  divided  by  notches 
into  three  large  flaps, 
with  smaller  lobes  be- 
tween. The  lai'gest 
and  freest  of  these  flaps 
is  placed  anteriorly,  and 
a  little  to  the  left ;  a 
second  is  on  the  right 
side  of  the  opening, 
and  the  third  the  widest 
and  shortest  and  least 
movable  is  posterior 
towards  the  septum.      The  tripartition  of  this  valve  is  often  very  obscure. 

From  the  anterior  musculus  papillaris  there  arise  seven  or  eight  chOPdSB 
tendinecB,  each  of  which  divides  into  two  sets  of  branches,  one  attached  to  the 
opposed  margins  of  the  notch  between  the  anterior  and  right  Haps  of  the  valve, 
-and  a  second  or  deeper  set  attached  to  the  ventricular  surfaces  of  the  valves 
between  their  edges  and  bases.  These  cords  divide  and  expand  on  the  backs  of 
the  valves  after  the  manner  of  fan  tracery  (fig.  448).  The  right  musculus  papil- 
laris sends  oft1  cords  to  the  borders  of  the  notch  between  the  right  and  hinder  cur- 
tain,  and  the  third  chiefly  to  the  hinder  curtain.  To  the  notch  between  the 
anterior  and  posterior  flaps  pass  many  tendinous  coi'ds  which  arise  from  the 
septum  with  a  slight  or  no  papillary  muscle.  The  posterior  curtain  has  several 
tendinous  cords  attached  along  its  margin,  which  arise  without  musculi  papillares 
from  the  septum.  A  third  set  of  short  tendinous  cords  is  attached  to  the  deep 
surfaces  of  the  valves  close  to  their  fixed  bases;  these  cords  usually  arise  without 
papillary  muscles. 

During  ventricular  systole  this  whole  membranous  lip  or  valve  is  driven  up 
towards  the  auricle  by  the  pressure  of  the  blood  within  the  ventricle  (fig.  434), 
while  its  margins  are  drawn  downwards  by  the 
musculi  papillares.  and  thus  the  free  flaps  are 
■di-iven  into  contact,  close  the  opening  and  pre- 
vent resjursritation. 


A  orta. 
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These  valves  are  the  remains  of  the  auricular  canal 
(S53)  around  which  the  ventricle  has  grown  upwards 
towards  the  auricle,  they  therefore  consist  of  two  layers. 
On  the  auricular  surface  is  a  thick  layer  of  endocardium 
■containing  a  large  amount  of  elastic  tissue,  and  a  veiy 
few  muscular  fibres,  both  radial  and  circular,  continu- 
ous from  the  auricular  walls  pass  into  the  bases  of  the 
valve.  Still  deeper  is  a  connective  tissue  layer  and  the 
expanded  and  interlacing  tendinous  cords  of  the  papillary 
■muscles,  covered  by  a  thinner  endocardium  on  their 
ventricular  side.  Around  the  opening  is  a  ring  of  con- 
densed fibrillar  tissue  (zona  tendinosa),  to  which  the  base  of  the  valves  and  the  muscular 
tissue,  both  of  the  auricle  and  ventricle,  are  attached  (§53). 

In  comparing  the  different  openings  it  is  to  be  noted  that  the  muscular  fibres  are  so 
related  to  the  aortic  and  pulmonic  orifices  that  they  do  not  diminish  in  size  when  the 
cavities  contract,  while  the  auriculo-ventricular  openings  are  very  much  diminished  during 
.systole,  as  their  musculature  is  derived  from  the  invaginated  ventricular  mouth  (p.  82). 


H.  vent. 
L.  vent. 


Pig.  435.— The  unprotected  area 
of  the  ventricular  septum. 
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PULMONIC   VALVES. 


On  dividing  the  tendinous  cords  of  the  posterior  curtain,  the  somewhat  oval,  tlampars 
membranacea  septi  (figs.  431,  435)  is  shown  behind  it,  whose  upper  end  extends  into  the  auri- 
cle and  whose  left  surface  will  be  found  below  the  hinder  right  semilunar  aortic  valve  (§  205). 
At  the  upper  end  of  the  infundibulum  is  the  mouth  of  the  pulmonary  artery 
directed  obliquely  upwards  and  to  the  left,  and  guarded  by  three  semilunar 
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Fig.  436.— Base  of  heart,  showing  the  relations  of  the  vessels — Vta,  Vtm,  and  Vtp,  anterior, 
median,  and  posterior  cusps  of  the  tricuspid  valve  ;  crd,  crs,  right  and  left  coronary 
arteries  ;  sc,  coronary  sinus  ;  Ats,  left  auricle  ;  Vma,  Vmp,  mitral  valve. 

Valves,  whereof  one  is  anterior  and  to  the  left  (fig.  437,  A),  one  posterior  and 
to  the  right  (ib.,  R),  and  the  third  posterior  and  to  the  left  (L).     Above  and 

behind  each    valve    the    wall    of 
the  pulmonary  artery  is  dilated 

into  a  pouch,  or  pulmonary 

sinus  (sin.).  Each  valve  consists 
of  a  duplication  of  endocardium, 
which  on  the  arterial  side  be- 
comes assimilated  in  structure 
to  the  inner  arterial  coats ;  be- 
tween these  layers  is  a  middle 
fibrous  layer  continuous  with  the- 
fibrous  ring  which  surrounds  the- 
orifice.  On  the  arterial  side  a 
thin  elastic  sheet  iinderlies  the 
endocardium.  In  the  middle  of 
the  free  border  is  a  slightly  pro- 
jecting blunt  point,  behind  which 
is  a  fibrous  nodule  (fig.  437,  n),  the  corpus  Arantii,  from  which  a  somewhat 
crescentic  fibrous  band  passes  to  the  extremity  of  the  attached  border  of  the 


Fig.  437. — Structure  of  a  semilunar  valve. 


LEFT    AURICLE. 


valve.  Between  this  tendo  valvulce  semilunaris  and  the  free  edge  of  the  valve  is 
a  weak  lunated  edge  (lunula,  fig.  437,  lun.),  while  many  strong  radiating  fibres 
pass  from  the  tendo  to  the  convex  attached  edge  of  the  valve.  These  valves 
are  pressed  peripherally  by  the  blood  during  ventricular  systole  (fig.  434),  but 
are  forced  inwards  and  downwards,  when  the  ventricle  relaxes,  by  the  pressure 
of  the  column  of  blood  in  the  ai-tery,  and  thus  close  the  opening,  their  closure 
producing  the  second  sound  of  the  heart  (fig.  433).  In  closure  the  three  cur- 
tains of  the  semilunar  valves  meet  together,  not  by  their  edges  only,  but  by 
the  contiguous  portion  of  their  surfaces  (fig.  442).  Between  the  auriculo- 
ventricular  and  the  pulmonic  openings  is  an  area  on  the  septal  wall  crossed 
by  oblique  pilasters,  called  the  fleshy  jions. 

Around  the  arterial  opening  is  a  fibrous  ring  whose  lower  or  ventricular 
border  is  rounded,  giving  attachment  to  the  ventricular  muscular  fibres,  but 
whose  arterial  border  presents  three  deep  semilunar  notches  corresponding  to 
the  pulmonary  sinuses,  with  three  sharp  intervening  cusps  projecting  towards 
the  artery,  to  the  edges  of  which  and  of  the  notches  the  valves  are  attached. 

Dissection. — By  dividing  the  inferior  vena  cava  and  raising  and  drawing  forwards  the 
apex  of  the  heart,  the  smooth  back  of  the  left  auricle  appears  (fig.  427),  crossed  by  the 
oblique  vein  and  separated  from  the  left  ventricle  by  the  coronary  vein.  On  each  side  it 
receives  the  two  pulmonary  veins,  and  to  the  left  anteriorly  is  the  flattened  auricular 
appendix,  longer  and  narrower  than  that  on  the  right  and  lobulated  along  each  margin. 

Make  an  incision  from  side  to  side  parallel  to,  and  immediately  above,  the  coronary  vein, 
and  from  each  end  of  this  divide  the  wall  upwards  to  the  top  of  the  auricle  so  as  to  throw 
back  the  posterior  wall. 

204.  THE  LEFT  AURICLE,  internally,  exhibits  a  smooth  hinder  wall 
(fig.    438).       The  right  part   of  the   convex  anterior  wall   corresponds  to  the 

pd 


Fig.  438. — Interior  of  the  left  auricle  seen  from  behind. 

septum,  while  the  left  is  moulded  on  the  origins  of  the  great  arteries.     The 
appendix  (ib.,  As)  has  a  narrow  opening,  and,  on  being  slit  open,  its   walls 
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LEFT    AURICLE    AND    VENTRICLE. 


show  radial  pilasters  separating  the  marginal  pouches  and  resembling  the  larger- 
pectinate  pilasters  of  the  right  auricle. 

The  blood  enters  the  left  auricle  by  the  four  pulmonary  veins  (ps  and  pd) 
■which  open  at  the  angles  of  the  hinder   wall ;   those   on  the  left  are  closer 

together,  a  little  farther 
back  and  on  a  lower  level. 
There  are  also  four  or  five 
Thebesian  orifices  close 
to  the  auriculo-ventricular 
opening,  whereof  two  at 
least  are  constantly  venous. 
A  crescentic  marking, 
like  the  indentation  made 
by  a  finger-nail,  on  the  sep- 
tal wall,  with  its  concavity 
directed  upwards,  back- 
wards and  to  the  left,  and 
above  the  level  of  the  an- 
nulus  ovalis  on  the  right 
side  (ib.,  Vt),  marks  the 
free  edge  of  the  valvula 
sinistra  of  the  saccus  ve- 
nosus  (§53).  Through 
the  foramen  ovale  between 
thisandtheseptumsuperius 
the  blood  from  the  inferior 
vena  cava  passed  in  the 
foetus,  until  the  closure  of 
the  opening  at  birth.  Below 
is  the  auriculo-ventricular 
opening  (fig.  436),  which 
appears  smooth,  and  trans- 
versely elongated  or  slit- 
like from  the  apposition  of 
its  two  valves  which  hang 
downwards  into  the  ven- 
tricle. 

205.  THE  LEFT  VEN- 
TRICLE is  the  thickest  part 
of  the  heart  and  makes  the 
whole  of  its  apex.  Its 
cavity  can  be  opened  by  transfixion  and  cutting  towards  the  apex,  making 
a  triangular  flap  of  the  posterior  and  left  wall  (fig.  440).  The  wall  of  this 
cavity  though  thick  elsewhere,  thins  to  2  mm.  at  the  apex,  where,  as  around 
the  margin  of  the  cavity,  there  is  a  dense  reticulation  of  fleshy  columns. 
Two  lai'ge,  often  compound,  papillary  muscles,  larger  than  those  of  the  right 
ventricle,  ascend  from  the  postei'ior  wall — one  on  the  right  and  one,  often 
double,  posterior  and  to  the  left — to  the  edges  of  the  mitral  valve  (fig.  440). 

The  auriculo-ventricular  and  aortic  openings  are  placed  close  together  at  the 
base  of  the  ventricle  (fig.  436,  Ats,  A) ;  the  former  is  posterior  and  guarded  by 
the  mitral  Valve  (fig.  440),  which  has  two  flaps,  one  anterior  and  to  the  right 
(fig.  436,  Vtm),  and  one  posterior  and  to  the  left  (ib.,  Vtp),  with  two  smaller 
intermediate  lobes.  The  anterior  curtain  is  the  larger  and  freer,  and  is  smooth 
on  both  surfaces  as  it  lies  between  the  two  openings,  its  marginal  and  medial 
tendinous  cords  being  approximated.     The  interval  between  the  curtains  has 


Fig.  439. — Interior  of  left  auricle  and  ventricle  from  be- 
hind— A,  left  auricle;  B,  right  auricle;  C,  left  ventricle; 
D,  right  ventricle  ;  1,  2,  pulmonary  veins ;  3,  4,  9,  wall 
of  left  ventricle  cut ;  5,  mitral  valve ;  8,  pilasters  ;  6, 
7,"musculi  papillares ;  17,  coronary  artery;  18,  coro- 
nary vein  cut  at  19  ;  14,  aorta;  15,  ductus  arteriosus; 
10,  11,  12,  and  13,  pulmonary  artery. 
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its  long  axis  directed  backwards  and  to  the  right  side,  and  at  the  base  of  the 
notch  between  them  at  each  end  of  the  slit  is  a  small  tubercle,  nodi  valvuloe 
mitralis,  dexter  and  sinister  (fig.  441,  Nv). 


Posterior  musculus  papillaris. 


Posterior  curtain  of  the  auriculo- 
ventricular  valve. 

Anterior  curtain.  s 

Right  musculus  jmpillaris. 


Left  musculus  papillaris. 


Anterior  wall. 


Trabecules  of  apex. 


Fig.  440. — Left  ventricle,  opened  from  behind,  showing  mitral  valve. 

In  structure  these  valves  resemble   the   tricuspid.      The  bilaminar  arrangement  of  the 
valve  is  seen  clearly  at  the  base  of  the  anterior  curtain  (lig.  441,  *). 

The  aortic  opening  is  directed  forwards  and  resembles  that  of  the  pulmonary 


i^tvf  mp* 


Fig.  441.— Section  through  the  wall  of  the  left  ventricle  beneath  the  aorta— crd,  right 
coronary  artery  ;  Nv,  nodus  valvular ;  Vma,  anterior  flap  of  mitral  valve. 
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artery  havin^  three  semilunar  valves  with  dilatations  of  the  aortic  wall 
(Sinuses  Of  Valsalva)  behind  them.  One  valve  is  behind  and  to  the  right, 
one  forward  and  to  the  right,  the  other  forward  and  to  the  left. 


oijj22Sfe: 


ingrowing 
septum. 


Fio-    442  —View  of  aortic  valves  closed,         Fig.  443.— Diagram  of  mode  of  growth  of 
from  the  ventricular  side.  valves  of  aorta  and  pulmonary  artery. 


pd 


Fig.  444.— Wall  of  left  auricle,  showing  its  structure— 3,  musculature  derived  from 

septum  super ius. 

The  arrangements  of  the  curtains  of  the  aortic  and   pulmonary  valves  can  easily  be 
remembered,  as  the  two  openings  originally  formed  the  single  lumen  of  the  conus  arteriosus 
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with  four  valves,  the  two  lateral  of  which  become  divided  by  the  growth  of  the  septum 
(p.  83),  leaviug  the  odd  valves  before  and  behind  in  the  pulmonic  and  aortic  openings  respec- 
tively (figs.  436,  443).  The  aortic  valves  are  larger  and  coarser  in  structure  than  the 
pulmonary  valves,  and  the  coronary  arteries  arise  above  the  two  foremost  valves.  The 
pars  membranacea  septi  is  seen  beneath  the  posterior  semilunar  valve. 

206.  STRUCTURE  OF  THE  HEART.— The  arrangement  of  the  muscular  fascicles  can 
be  most  easily  observed  in  a  heart  whose  connective  tissues  have  been  dissolved  by  prolonged 
boiling. 

The  wall  of  the  heart  of  the  four  month's  embryo  consists  of  two  layers,  an  outer  of  fibres 

cs! 


Fig.  445. — Structure  of  the  wall  of  the  right  auricle,  showing  the  arrangement  of  its 
muscular  fibres — Fo,  foramen  ovale  ;  V  T,  Thebesian  valve. 

mostly  circular,  an  inner  of  longitudinal  fascicles,  and  this  condition  remains  with  only 
slight  modification  in  the  auricles.  On  removing  the  auricular  epicardium  the  superficial 
transverse  fascicles  appear.  These  are  thick  on  the  anterior  wall,  and  pass  from  auricle  to 
auricle,  while  on  the  posterior  wall  they  are  somewhat  disturbed  by  the  great  veins.     On 
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the  appendices  they  become  annular.     Beneath  these  are  longitudinal  fascicles  which  are 

SUSS  below  to  tne  auriculo- ventricular  tendinous  zones,  ^^T^t^ 

•^^^^i^-^:;TTTT^r^^T^r^!&_,  nearly  independent.     Annular 

^^^SSgLZSi 'a  j^'il  •  J""^-^555^  prolongations  of  these  striped 

_    ' —  — t^-?,  i      fibres  are  traceable  along  the 

^         .._^  .,-:i-7.     great  veins,  extending  on  the 

~^1  ^  "  superior  vena  cava  and  pul- 
monary veins  beyond  the  limits 
of  the  pericardium.  In  the 
auricular  appendages  these 
deeper  fibres  are  few  and  nearly 
longitudinal. 

The  septum  consists  of  fibres 
of  both  sets,  the  thick  rim  of 
the  annulus  ovalis  consisting 
of  an  annular  band  of  the  inner 
set.  Fibres  of  both  series  are 
attached  to  the  base  of  the 
auriculo-ventricular  valve. 

The  muscular  fascicles  of 
the  ventricle  are  independent 
of  those  in  the  auricle,  and  are 
much  thicker  and  more  com- 
plex. The  posterior  superficial 
stratum  arises  from  or  about  the 
tendinous  zone  of  the  auriculo- 
, .   ,  ventricular  opening,  and  passes 

-Section  of  left  ventricular  wall  parallel  obliquely  over  the  back  of  the 

its  long  axis.  heart    ieftwaras    towards   the 

apex     where   the    fibres   turu   suddenly   backwards  and  inwards   in  a  vortex   to    enter    at 
the  weak  apical  region  into  the  left  ventricle,  within  which  they  ascend,  forming  part  of 

A  B 
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Fig.  446.- 


Fig.  447.— Diagram  of  arrangement  of  muscular  fibres  of  ventricle— A,  seen  from  behind  ; 
B,  vortex  seen  from  below ;  C,  diagram  of  the  course  of  muscle  bundle  to  zona  tendinosa ;  D, 
diagram  of  the  course  of  a  muscle  bundle  from  the  surface  layer  to  the  musculus  papillaris. 

the  posterior  reticulum  of  column*  earner  and  the  whole  of  the  right  musculus  papillaris. 
The   anterior   superficial   stratum   commences  in  like  manner  and  descends  with  a  similar 
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obliquity  over  the  front  of  the  heart,  the  fascicles  at  the  apex  and  base  passing  from 
side  to  side,  but  those  in  the  middle  being  diverted  at  the  anterior  interventricular  groove, 
many  of  them  here  turning  in  to  the  septum,  while  their  places  are  taken  by  fascicles  with  a 
similar  obliquity  emerging  from  the  septum  along  this  groove.  These,  passing  to  the  apex, 
likewise  turn  suddenly  in  a  vorticose  manner  into  the  interior  of  the  left  ventricle,  where 
they  ascend,  forming  the  remainder  of  the  trabecular  reticulum  and  the  left  papillary  muscle. 

On  removing  these  superficial  fibres,  the  chief  thickness  of  the  wall  consists  of  fascicles 
whose  degree  of  obliquity  diminishes  from  the  surface  inwards,  so  that  with  care  they  may 
be  artificially  separated,  according  to  the  skill  and  fancy  of  the  dissector,  into  from  three  to 
six  strata  or  even  more ;  those  fibres  nearest  the  surface  run  in  the  same  general  direction  as  the 
superficial  stratum,  but  are  less  oblique,  and  at  the  interventricular  grooves  they  turn  into  the 
septum.   According  to  their  subsequent  destinations  these  fibres  may  be  divided  into  five  series — 

(i)  Those  which  cross  in  the  septum  and  emerge  anteriorly  to  take  part  in  making  up 
the  superficial  descending  stratum  of  fibres  (fig.  447,  D)  becoming  ultimately  continuous 
with  the  left  papillary  muscle  of  the  left  ventricle; 

(2)  Those  looped  fibres  which  cross  the  septum,  and  ascend  to  be  attached  to  the  left 
auriculo-ventricular  tendinous  zone  (fig.  447,  C) ; 

(3)  Those  which,  crossing  in  the  septum,  enter  the  right  ventricle  and  make  the  papillary 
muscles  therein ; 

(4)  The  figure-of-eight  fibres  placed  nearly  on  a  horizontal  plane  in  the  middle  region  of 
the  ventricular  wall ;  and 

(5)  The  annular  fibres  which  with  the  last  make  the  most  horizontal  plaue  of  fibres  of  the 
wall.  These  five  sets  are  not  separate  layers  but  interlace  in  the  cardiac  wall.  The 
musculi  papillares  are  not  independent  of  the 
ventricular  wall,  but  are  integral  parts  of  the 
ordinary  parietal  musculature,  and  contract  «a 
simultaneously  with  it.  From  the  arrangement  ||_.. 
of  their  fibres  the  auriculo-ventricular  openings 
are  contracted  during  ventricular  systole. 

The  fibrous  rings  of  the  aorta  and  mitral 
openings    are  inseparable,    and   in    the    angle 
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Fig.  448. — Diagram  of  mitral  valve,  showing 
chordae  tendineag  attached  to  the  mitral  valve. 


Fig.  449.  — The  lungs,  front  view. 


between  these  and  the  tricuspid  openings  the  fibrous  tissue  feels  very  dense,  so  as  to  appear 
like  fibro-cartilage  as  it  underlies  the  nodus  valvules  dextrce.  From  this,  firm  fibrous  processes 
extend  round  the  three  contiguous  openings. 

The  following  dimensions  of  the  heart  are  noteworthy  :  — 

Thickness  of  right  auricle,  2-5  mm.;  of  left,  3  mm. 
Thickness  of  right  ventricle,  4  mm. ;  of  left,  1  em. 

Area  of  right  auriculo-ventricular  opening  in  sq.  nun. 
Area  of  left  aui'iculo-ventricular  opening,    . 
Area  of  pulmonic  opening,  ..... 
Area  of  aortic  opening,         ..... 
Proportion  of  heart-weight  to  body-weight, 


Male. 

Female. 

1      127 'O 

105-0 

96-0 

84-8 

.       68-5 

64-5 

70 '6 

65  2 

.    I    :    178 

I    :    169 
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207.  LUNGS. — The  two  lungs  are  greyish,  spongy,  elastic  organs,  varying 
in  colour  with  vascularity  and  inflation,  darkening  with  age  and  city  life. 
They  fill  during  life  the  whole  free  cavity  of  the  thorax  on  each  side  of  the 
mediastinum,  collapsing  when  the  thorax  is  opened.  Each  lung  has  a  rounded 
apex  (fig.  449,  d)  rising  about  3  cm.  above  the  clavicle ;  and  a  concave  base 
(ib.,  e)  i*esting  on  the  diaphragm;  its  thin  sharp  margin  fitting  into  the 
diajjhragmato-costal  sinus,  reaching  to  the  eleventh  rib  behind,  to  the  ninth 
in  the  axillary  line  on  the  right,  to  the  tenth  on  the  left ;  and  to  the  upper 
edge  of  the  seventh  costal  cartilage  on  both  sides  in  the  mammillary  line. 
The  outer  surface  is  convex,  moulded  on  the  inside  of  the  ribs,  the  inner 
or  mediastinal  surface  is  concave,  and  into  a  limited  area  of  it  (the  FOOt — • 
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Fig.  450.  — Inner  surface  of  right  lung,  showing  the  root  eut  through  and  the  section 
of  the  ligamentum  latum  pulmonale  below. 

fig.  450)  the  bronchi  and  vessels  enter.  The  thin  or  anterior  edge  (fig.  450,  Ma) 
overlaps  the  pericardium,  that  of  the  left  lung  is  deeply  notched  by  the  heart 
(fig.  449,  f),  and  prolonged  into  a  process  (2?,  b)  below  and  in  front.  The 
posterior  edge  is  thicker,  and  on  the  left  side  is  moulded  on  the  thoracic  aorta 

(%  45  0-. 

The  right  lung  (fig.  450)  is  thicker  and  shorter,  with  a  higher  and  more 
concave  base  than  the  left ;  it  is  notched  on  its  mediastinal  surface  by  the 
superior  vena  cava  and  occasionally  by  the  inferior.  The  left  is  deeply 
excavated  on  its  mediastinal  surface  by  the  heai't,  and  its  apex  is  grooved  by 
the  left  subclavian  artery,  and  does  not  rise  as  high  as  that  of  the  right. 

The  lungs  form  -fa  of  the  weigbt  of  the  body  in  the  male,  £$  in  the  female ;  and  have  a 
specific  gravity  of  07,  and  an  absolute  weight  of  1,270  grammes  in  the  male,  1,030  in  the 
female.  The  right  is  to  the  left  in  weight  as  n-2  :  10.  The  cubic  dimensions  of  the  lungs 
vary  at  the  different  periods  of  respiration ;  in  the  extreme  of  forced  inspiration  the  lungs  of 
an  adult  man  of  medium  height  (173  m.)  have  a  bulk  of  about  7,000  c.cm. ;  in  the  extreme 
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of  expiration  of  2500  c.cm.,  i.e.,  4,500  ccm.  less.  This  amount  due  to  the  bulk  of  air 
expired  is  called  the  vital  capacity  of  the  thorax,  and  diminishes  with  stature  below  and 
above  this  standard  usually.  It  is  proportionally  less  in  the  female.  The  amount  of  air 
which  ebbs  and  flows  in  ordinary  respiration  is  called  tidal  air,  and  amounts  to  about 
350  c.cm.  The  amount  in  excess  of  this  which  can  be  taken  in  by  a  forced  inspiration  is 
called  complemental  air,  and  amounts  to  about  2,750  c.cm.  The  amount  which  can  be 
expelled  by  force  after  an  ordinary  expiration  is  about  1,400  c.cm.,  and  is  called  suppli- 
mental  air  ;  and  about  2,000  c.cm.  cannot  be  expelled  by  any  force.     This  is  named  residual 


Each  lung  is  divided  into  upper  (fig.  449,  a)  and  lower  lobes  (ib.,  c)  by 
the  great  fissure  "which  begins  behind  and  below  the  apex  (6  cm.  on  the 
left,  8  on  the  right,  opposite  the  third  dorsal  on  the  left  and  the  fourth  on 
the  right),  and  descends  forwards  in  a  spii*al  line  to  reach  the  thin  edge  in 
front,  opposite  the  sixth  costal  cai'tilage  on  the  left,  opposite  the  end  of  the 
seventh  rib  on  the  right,  crossing  the  anterior  axillary  line  at  the  fifth  rib. 
The  upper  lobe  on  the  right  side  is  again  subdivided  by  a  secondary  fissure, 
which  arises  from  the  primary  opposite  the  sixth  rib  at  the  postei-ior  axillary  line, 
and  passes  to  the  thin  edge  at  the  fourth  rib-cartilage,  cutting  off  a  middle 
lobe  (ib.,  b).     There  is  but  one  fissure  in  the  left  lung. 

The  surface  of  each  lung  is  mapped  into  polygonal  spaces  from  6  to  10  mm. 
in  diameter,  the  bases  of  the  lobules.  In  the  adult  each  lobule  is  isolated  by 
a  dark  line  of  carbonaceous  deposition. 


Pericardium. 
Medias.-cost.spaca 
^Pleura  on  peric. 
Pleura  costal. 

Pleura, 
pulmona. 


Ligb-lalum 
pulmonale 


Fig.  451. — Section  of  the  thorax  of  a  boy  of  sixteen,  taken  obliquely  through  the  ninth  dorsal 
vertebra,  seen  from  below.  The  eighth,  seventh,  sixth,  fifth,  fourth,  and  third  ribs 
are  seen  cut  on  the  right  side,  while  the  inferior  angle  of  the  scapula  is  also  visible. 
The  ligamentum  pulmonale  is  cut  through. 

The  root  of  each  lung  is  the  only  place  at  which  it  is  attached,  and  is 
bounded  below  by  the  ligamentum  pulmonale,  a  fold  of  pleura  whose 
development  is  due  to  the  upward  traction  of  the  vessels,  and  the  downward 
growth  of  the  lung  in  development.  The  vena  azygos  arches  over  the  right 
root,  the  aorta  over  the  left ;  behind  the  right  root  is  the  posterior  pulmonary 
plexus  of  the  vagus  nerve  and  the  vena  azygos ;  behind  the  left  is  the 
descending  aorta  and  the  posterior  pulmonary  plexus  of  the  vagus.  In  front 
of  each  root  is  the  anterior  pulmonary  branch  of  the  vagus,  and  still  farther 
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forward  the  phrenic  nerve.     The  superior  vena  cava  also  lies  in  front  of  the 
right  root. 

The  pleura  should  be  removed  from  the  front  of  the  root  of  the  right  lung  and  the  anterior 
pulmonary  nerves  traced.  The  vessels  in  the  root  are  from  before  backwards  and  from  below 
upwards— ist,  the  pulmonary  veins  (fig.  450,  V,  V,  V);  2nd,  the  pulmonary  artery  (a);  3rd, 
the  bronchus  (b). 

The  two  pulmonary  veins  which  return  the  arterialised  blood  from  the 
lung  to  the  left  auricle  have  been  already  seen  at  their  ending  in  the  left 
auricle  (fig.  428).  Traced  from  thence  they  pierce  and  carry  off  an  expansion 
from  the  pericardium,  and  pass  nearly  horizontally  backwards  and  outwards 
into  the  root  of  the  lung,  where  they  are  separated  from  each  other  by  an 
anterior  descending  branch  of  the  bronchus :  they  divide  at  first  dichotomously, 
but  afterwards  in  an  irregular  and  often  plexiform  manner.  The  branches  do 
not  accompany   the  arteries   or  air   tubes,  but   lie  rather  superficial   to  both. 


B.r. 


Fig.  452.  —  Section  through  the  thorax  at  the  uppermost  edge  of  seventh  vertebra  along  the 
line  of  the  pulmonary  artery  and  roots  of  the  lungs. 

They  receive  the  blood  from  the  pulmonary  arteries,  and  also  from  the  anterior 
divisions  of  the  bronchial  arteries.  Each  pulmonary  vein  trunk  is  about  15 
mm.  long.  The  upper  is  the  larger  on  the  right  (15  mm.  diameter),  and  re- 
ceives the  blood  of  the  upper  and  middle  lobes ;  the  lower  is  larger  on  the  left 
(15  mm.) 

The  pulmonary  arteries,  whereby  the  venous  blood  is  carried  into  the 
lungs  to  be  aerated,  spring  by  a  single  trunk  from  the  infundibulum  of  the  right 
ventricle.  This  lies  for  its  whole  extent  within  the  pericardium,  a  serous 
sheath  of  which  ties  it  to  the  aorta.  It  is  the  foremost  of  the  great  cardiac 
vessels,  and  arises  between  the  auricular  appendages ;  from  thence  it  arches 
backwards,  and  a  little  upwards  and  to  the  left,  its  concavity  embracing  the 
front  and  left  side  of  the  aorta,  and  its  convexity  being  sepai-ated  by  the  peri- 
cardium from  the  left  lung.  Having  reached  the  level  of  the  sixth  dorsal 
vertebra  on  a  plane  behind  the  ascending  aorta,  and  in  front  and  below  the 
bifurcation  of  the  trachea,  it  divides  into  its  right  and  left  branches  which 
divei'ge  from  each  other  at  an  angle  of  135°,  and  which,  piercing  the  peri- 
cardium on  each  side,  pass  nearly  horizontally  to  the  roots  of  their  respective 
lungs.  The  pulmonary  artery  is  about  5-3  cm.  long,  about  29  mm.  in  diameter, 
and    its  sectional   area   is   to   that   of  the   four  pulmonary  veins  as  100  :  99. 
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On  each  side  of  it  the  cardiac  nerves  stream  downwards  to  the  auriculo- 
ventricular  groove.  From  the  root  of  its  left  branch,  as  it  leaves  the 
pericardium,  a  fibrous  cord,  5  to  9  mm.  long  (the  obliterated  remains  of  the 
foetal  ductus  arteriosus),  passes  upwards  and  backwards,  to  be  attached 
to  the  concavity  of  the  aorta  at  the  left  end  of  the  arch.  This  sometimes 
shows  an  irregular,  persistent  trace  of  its  original  lumen. 

The  right  pulmonary  artery,  larger  and  wider  than  the  left  (21  :  19), 
passes  behind  the  ascending  aorta  and  beneath  the  arch,  from  which  it  is 
separated  by  the  branches  of  the  right  deep  cardiac  nerves.  In  the  root  of  the 
right  lung  it  lies  below  and  in  front  of  the  right  bronchus,  and  divides  into  a 
large  upper  and  a  small  lower  branch  ;   the  former  divides  again  into   two, 


Fig.  453. — Front  of  the  lungs,  showing  the  great  vessels — 1,  root  of  pulmonary  artery; 
2,  trunk ;  3,  left  pulmonary  artery ;  4,  ductus  arteriosus ;  5,  right  pulmonary  artery  ; 
6,  left  pulmonary  veins;  7,  right  pulmonary  veins;  8,  9,  10,  11,  12,  aorta  and  its 
branches;  13,  superior  vena  cava;  14,  trachea;  15,  right  bronchus;  16,  apices  of  lungs  ; 
17,  anterior  edge  ;  18,  root  of  lung  ;  19,  inferior  lobe  ;  20,  base  of  lung. 

which  supply  the  upper  and  middle  lobes ;  the  latter  enters  the  lower  lobe. 
From  these  by  successive  divisions,  which  correspond  to  the  divisions  of  the 
bronchi,  the  branches  for  the  smaller  lobules  arise,  each  of  which  is  an  end- 
artery  and  does  not  anastomose  with  its  neighbours.  Besides  the  lobular 
branches  there  arise  fine  bronchial  branches,  which  supply  the  bronchial  tubes 
and  anastomose  with  the  capillaries  of  the  bronchial  arteries. 

The  left  pulmonary  artery  passes  in  front  of  the  descending  aorta  above 
the  left  bronchus,  and  divides  into  an  upper  smaller  and  a  lower  larger  branch. 

208.  TRACHEA  AND  BRONCHI.— The  bronchial  tubes,  whereby  air  is 
conveyed  into  the  lungs  to  aerate  the  blood,  are  the  subdivisions  of  the  trachea, 
which  begins  at  the  lower  border  of  the   fifth  cervical  vertebra,  as  the  con-' 
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tinuation  of  the  larynx  (§  498),  and  extends  downwards  for  1 1  cuj.,  nearly  in  the 
middle  line  ending  opposite  the  lower  border  of  the  fourth  dorsal  (third  in  th<; 
infant),  by  dividing  into  right  and  left  bronchi.  It  lies  partly  in  the  neck  and 
partly  in  the  thorax,  the  cervical  portion  varying  from  1  to  5  cm.  in  length, 
according  to  the  position  of  the  head.  In  this  region  it  is  movable  and 
surrounded  by  a  laminated  sheath  of  elastic  areolar  tissue,  which  is  covered 
by  skin,  fascia,  the  slerno-hyoid  and  sterno-thyruid  muscles,  and  the  median 
extension  of  their  fascial  sheath  which  covers  the  narrow  lozenge-shaped 
interval  between  these  muscles.  Beneath  these  coverings  the  second  and 
third  rings  are  crossed  by  the  isthmus  of  the  thyroid  body,  below  which  is 
the  spot  at  which  the  windpipe  is  opened  in  the  operation  of  tracheotomy. 

In  the  tracheotomy  area  the 
inferior    thyroid     veins    and, 


Thyroid  isthmus, 


Top  of  sternum 

when  neck  is 

extended. 


when  present,  the  thyroidea 
ima  artery  (§  506)  overlie  the 
tube,  and  must   be   drawn  a- 
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Fig-  454- — Trachea  and  bronchi  schematically  drawn 


Fig.  455.  —  Enlarged  view  of 
section  through  three  rings  of 
trachea(i);  2,glands;  3, mucosa. 


side  m  the  operation.  Behind  lies  the  oesophagus,  with  the  recurrent  laryngeal 
nerves  ascending  on  each  side  in  the  angles  between  the  two  tubes.  On  each 
side  are  the  lateral  lobes  of  the  thyroid  body  and  the  carotid  arteries. 

The  trachea  enters  the  thorax  through  the  inlet,  and  descends  in  the 
superior  mediastinum  behind  the  arteria  innominata,  in  front  of  which  the  left 
vena  innominata  lies.  Immediately  above  its  bifurcation  it  is  crossed  by  the 
aortic  arch,  from  which  it  is  separated  by  the  deep  cardiac  nerves.  Behind, 
and  projecting  to  its  left  side  below,  is  the  oesophagus,  which  is  closely  tied  to 
it  and  which,  together  with  the  aorta,  left  vagus,  left  recurrent  veins,  and  left 
subclavian  artery,  intervene  between  it  and  the  left  pleura.  The  left  carotid 
crosses  it  111  front  and  to  the  left ;  and  on  the  right  lie  the  superior  vena  cava, 
right  vagus,  and  a  large  lymphatic  gland,  behind  which  the  pleura  is  reflected 
on  it  (fig.  423). 

In  shape  it  is  cylindroidal,  flattened  behind,  its  transverse  diameter  averaging  21  mm.  in 
males,  18  in  females.     In  the  foetus  it  is  much  flatter,  but  gradually  rounds  after  birth. 

Ine  trachea  consists  of  the  following  layers : 

(i)  Externally,  a  fibrous  coat,  in  which  are  embedded  the  16-18  C-shaped  rin^s  of  hyaline 
cartilage,  which  keep  it  open.     Each  of  these  is  two-thirds  of  a  circle  (fig.  455,  1),  and  about 
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3  mm.  in  vertical  height,  somewhat  D-shaped  in  vertical  section,  flat  outside,  and  convex 
towards  the  lumen  of  the  tube ;  posteriorly  each  ring  ends  in  rounded  ends.  The  first  ring  is 
the  broadest ;  the  intermediate  rings  may  bifurcate  or  unite ;  the  penultimate  is  broader  in 
the  middle  than  at  either  end ;  and  the  last  has  in  the  middle  a  descending  recurved  spur 
which  passes  below  and  in  front  of  the  bifurcation  (fig.  457,  4). 

The  fibrous  membrane  wherein  the  rings  are  embedded  (rig.  455,  2)  is  of  white  fibrous 
and  elastic  tissue,  the  latter  abounding  especially  in  the  interspaces,  and  it  completes  the 
tube  behind  where  the  rings  are  deficient.  Here  its  tissue  thickens,  but  becomes  looser  in 
texture,  and  on  its  inner  surface  is  a  continuous  stratum  of  unstriped  muscle  (trachealis), 

whose  fibres  are  chiefly  transverse, 
with  a  few  superadded  external  longi- 
tudinal fibres.  Upon  the  outer  surface 
of  these  is  a  fine  gangliated  plexus  of 
non-medullated  nerves. 

(2)  An  areolar  layer  rich  in  adenoid 
tissue,  uniting  it  somewhat  loosely  to 

(3)  A  submucous  layer,  mostly  of 
longitudinal  elastic  fibres,  in  which  are 
embedded  the  mucous  glands  and  some- 
times a  little  fat. 

(4)  The  mucous  membrane  is  smooth 
and  pinkish,  though  usually  not  very 
vascular,  its  epithelium  consists  of  a 
layer  of  ciliated  columnar  cells  (fig. 
456,  b),  elongated  and  irregular  at  their 
bases,  which  are  surrounded  by  a 
stratum  of  smaller  irregular  cells 
(Debovt^'s  layer — ib.,  c),  some  of  which 


Fig.  456. — Section  of  wall  of  a  bronchus — a,  con- 
solidated mucus ;  e,  elastic  fibres  divided  trans- 
versely, forming  the  inner  fibrous  layer ;  f, 
bronchial  muscle ;  <j,  outer  fibrous  layer  with 
leucocytes  and  black  pigment  flecks,  upon  a  mass 
of  adenoid  tissue  rich  in  leucocytes. 


Fig.  457. — Bifurcation  of  trachea 
opened  from  behind. 


reach  the  surface,  and  being  muciparous  may  become  goblet  cells.  These  are  placed  on 
a  thick  homogeneous  basement  (d)  pierced  by  a  few  processes  from  the  connective  cells 
of  the  subjacent  areolar  layer  which  is  rich  in  lymphoid  tissue,  and  closely  connected  to  the 
submucous  layer.  Mucous  glands  are  numerous  and  large  posteriorly,  smaller  glands  lie  also 
along  the  borders  of  the  cartilage  rings. 

The  vessels  of  the  trachea  are  derived  from  the  inferior  thyroid,  and  run  downwards 
longitudinally,  forming  a  polyhedral  capillary  plexus.  The  nerves  are  derived  from  the 
vagus  and  its  recurrent  branch. 

The  bronchial  tubes  diverge  at  an  angle  of  ioo°,  the  right  being  more 
nearly  horizontal,  60°  from  the  perpendicular,  while  the  left  diverges  at  an 
angle  of  40°.  On  looking  down  into  the  trachea  the  ridge  of  separation  of  the 
two  bronchi  appears  sharp,  and  projects  a  little  to  the  left  of  the  middle  line; 
hence,  foreign  bodies  entering  the  trachea  tend  to  fall  into  the  right  bronchus. 
In  structure  the  bronchi  resemble  the  trachea  ;  the  right  contains  6-8  rings,  the 
left  9-12. 
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As  the  loft  bronchus  passes  over  the  oesophagus  and  descending  anteriorly  it  gives  origin 
posteriorly  to  a  few  longitudinal  muscular  fibres  which  are  lost  on  the  a-sophagus,  and  are 
sometimes  described  as  the  broneho-oesophageus  muscle. 

The  right  bronchus  passes  behind  the  superior  vena  cava,  and  on  reaching 
the  root  of  the  lung  gives  off  an  eparterial  branch  which  passes  above  the 
level  of  the  rmlmonary  artery  and  is  distributed  to  the  upper  lobe.  The  main 
stem  then  passes  behind  the  pulmonary  artery  which  grooves  it  and  divides 
into  two  hyparterial  branches,  the  upper  to  the  middle  lobe,  the  lower  to 
the  lower  lobe.  Each  of  these  divides  dichotomously  into  a  series  of  dorsal  and 
ventral  branches,  each  of  the  former  subdivides  into  a  posterior  and  a  lateral 
branch,  and  each  of  the  latter  into  an  anterior  and  a  lateral;  each  of  these,  after 


Fig.  458. 


-View  of  bronchial  tubes  of  the  fourth  order,  showing  the  patchy  disposition 
of  the  cartilage. 


several  divisions,  become  bronchioles.  A  large  ventral  azygous  or  cardiac 
bronchus  passes  into  that  portion  of  the  lung  which  lies  close  to  the  inferior  vena 
cava. 

In  the  left  lung  the  whole  bronchus  is  hyparterial.  The  upper  branch 
corresponds  consequently  to  the  branch  to  the  middle  lobe  on  the  right  side, 
and  there  is  no  azygous  branch  ;  but  the  first  ventral  branch  gives  off  an 
ascending  bronchus,  which  divides  into  posterior  and  lateral  branches,  thus 
serving  as  a  succedaneum  for  the  eparterial  bronchus. 

These  branches  seem  to  indicate  that  the  left  lung  has  no  lobe  corresponding  to  the 
superior  of  the  right  nor  a  part  comparable  to  that  supplied  by  the  azygous  bronchus. 

209.  MINUTE  STRUCTURE  OF  THE  LUNG.— In  the  secondary  branches 

the  walls  alter  in  structure.  The  cartilages 
cease  to  be  in  regular  rings  and  become  irregular 
patches,  and  the  muscular  fibres  form  complete 
circles  in  the  walls  of  the  tubes  (fig.  458).  When 
the  branches  become  1  mm.  in  diameter  they 
lose  all  trace  of  cartilage  and  of  glands,  and 
the  wall  of  each  presents  irregular  dilatations. 
These  begin  as  a  series  of  small  irregular 
pouches  on  one  side  of  the  tube,  but  they 
progressively  enlarge,  ultimately  surrounding 
the  tube,  which  expands  to  about  3  mm.  in 
diameter,  and  ends  as  a  sacculated  alveolar 
passage,  whose  wall  and  fundus  consist  of  blind  pouches,  the  air  cells  or  alveoli. 
Each  of  these  endings  is  called  an  infundibulum.  In  the  infundibula  the 
muscular  coat  disappears,  the  longitudinal  elastic  fibres  break  up  into  an  inter- 
lacement around  the  mouths  of  the  air  cells  (fig.  460,  e),  and  are  connected  with 


infundibula. 


hroruJiioIe. 


Fig.  459.  — Scheme  of  the  termination 
of  a  bronchiole. 
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the  elastic  interlobular  and  interalveolar  tissue,  and  the  columnar  epithelium 
becomes  changed  into  thin  pave- 
ment cells  without  cilia,  be- 
tween which  are  small  poly- 
gonal granular  cells  in  little 
clusters  of  two  or  three  (fig. 
463,  d),  and  pseudostomata  be- 
tween them.  These  cells  lie  on 
a  thin  basement  of  connective 
tissue  in  which  are  amoeboid 
cells  which  often  carry  carbon 
and  other  solid  particles. 

In  the  fcetus  the  air  cells  are 
lined  with  small  granular  cells  which 
transform  on  inflation,  and  never  re- 
sume their  fonner  shapes.  After  the 
lungs  have  been  once  inflated,  the 
air  cannot  be  pressed  out,  and  they 
consequently  float  in  water,  a  test 
frequently  used  in  Medico-legal  in- 
vestigations. 

Around  the  air  cells  in  the 
inter-alveolar  tissue  there  are 
a  few  smooth  muscle  fibres  and 
loose  areolar  tissue.  The  air 
cells  are  polygonal,  and  vary  in 
size  at  different  ages.  In  the 
lung  of  an  infant  of  a  week  old 
they  average  "05  mm.  in  dia- 
meter, in  a  boy  of  fifteen  they 
are  "17  mm.,  in  a  man  of  thirty 
about  o*2  2  when  collapsed. 
There  are  about  355,000,000 
alveoli  in  a  human  lung,  having  an  area  of  90  square  metres  of  wall.  The  branches 
of  the  pulmonary  artery  accompany  the  air  tubes  until  they  become  1  mm.  in 
diameter,    when  they    divide  ^ 

more     frequently    than    the  „  y;; 

tubes.  The  minutest  arteri- 
oles ramify  between  the  al- 
veoli, ending  on  their  walls  in 
a  fine-meshed  capillary  plexus 
which  lies  in  a  single  layer 
in  the  ridges  between  the  air 
^ells.  The  vessels  are  covered 
by  epithelium  on  both  sur- 
faces, and  hence  project  into  the 
air  cells  on  each  side  (fig.  461). 

Entering  the  root  of  each 

hmg  are  bronchial  ar- 
teries, one  or  two  on  either 
side  (p.  347).  These  ac- 
company the  air  tubes,  and 
their  branches  go  partly  to  the 
lymphatic  glands,  pai'tly  to  the 
interlobular  areolar  tissue,  and  also  to  the  walls  of  the  bronchial  tubes  and  their 
branches,   in  the   muscular  coat   of  which  they  form  a  capillary  plexus  with 


Fig.  460. — Section  of  substance  of  the  lung  magnified, 
showing  bronchiole,  the  small  branches  of  pulmonary 
vessels,  and  the  parenchyma  around  the  air-cells. 


If' 


Fig.  461.— Capillary  plexus  on  the  wall  of  an  alveolus. 
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transverse  meshes,  and  send  branches  to  the  mucous  coat,  which  communicate 
with  branches  of  the  pulmonary  arteries  and  form  a  plexus  with  longitudinal 
meshes.  These  capillaries  empty  themselves  into  the  pulmonary  veins,  while 
those  of  the  first  and  second  series  of  branches  open  into  the  vena  azygos  on. 
the  right,  and  into  the  superior  intercostal  vein  on  the  left. 


Fig.  462. 


-Scheme  of  section  of  air-cells,  showing  endothelium,  f ;  vessels,  c  ; 
and  the  elastic  tissue  of  the  parenchyma,  e. 


The  lymphatics  of  the  lung  are  numerous;  the  superficial  lymph  vessels 
form  a  loose-meshed  plexus  and  converge  to  the  root,  where  they  end  in  the 
bronchial  glands.  The  deep  lymphatics  accompany  the  vessels,  and  unite  into 
pulmonary  glands  on  the  walls  of  the  smaller  bronchi  and  in  the  angles  of 
bifurcation  of  the  tubes.  There  are  at  least  forty  such  in  the  right  lung  and 
about  thirty  in  the  left.  Their  efferent  vessels  emerge  at  the  root,  joining  the 
superficial  vessels  in  the  bronchial  glands.  Of  these  there  are  about  twenty- 
five,  distributed  at  the  roots  of  the  lungs  and  along  the  bronchi  and  trachea  ; 
pink  in  the  child,  black  in  the  adult,  as  also  are  the  pulmonary  glands.  The 
efferent  lymphatics  on  the  right  ascend  over  the  vena  azygos  behind  the 
superior  vena  cava  and  right  innominate  vein,  and  communicate  with  the 
supeiior  right  mediastinal  glands,  from  whence  the  efferent  vessels  unite  into 
one  tube,  the  right  bronchio -mediastinal  duct,  which  joins  the  right  lymphatic 
duct.  The  left  lymphatics  cross  the  aorta,  and  uniting  into  a  single  tube  or  a 
plexiform  set  of  vessels,  dip  between  the  left  subclavian  and  left  carotid  artei'ies 
to  join  the  thoracic  duct. 

The  pulmonary  nerves  come  from  several  sources.  Each  vagus  gives  off 
within  the  thorax  (a)  four  fine  anterior  pulmonic  nerves,  which  pass  towards  the 
bifurcation  of  the  trachea,  and  descend  from  thence  in  front  of  the  bronchi  to 
the- root,  forming  a  wide-meshed  plexus,  whose  branches  are  distributed  chiefly 
to  the  larger  bronchi.     (6)  The  trunk  of  the  vagus  breaks  up  on  the  back  of  the 
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root  into  a  coarse  posterior  pulmonary  plexus,  into  which  also  pass  branches  from 
the  last  cervical  and  four  upper  dorsal  sympathetic  ganglia.  These  form  a 
series  of  loops  on  the  back  of  the  vessels  in  the  root,  from  which  many  fine 
nerves  enter  the  lung  around  the  vessels,  especially  around  the  branches  of  the 
bronchial  tubes. 

210.    CONTENTS    OF    THE    SUPERIOR    MEDIASTINUM  —  Thymus 

Gland. — The  superior  mediastinum  of  the  adult  contains  superficially  a  lobu- 
lated  fatty  mass,  the  remains  of  the  thymus.  This  in  the  foetus  was  a  trans- 
versely elongated,  pinkish  body,  made  up  of  two  unequal  lobes,  whei'eof  the 
right  is  the  larger,  and  overlies  the  pericardium,  the  aorta  and  the  large  veins 
projecting  upwards  into  the  neck.  Its  lobes  extend  upwards  into  longer  and 
downwards  into  shorter  cornua.  They  are  divisible  into  many  lobules,  each  of 
which  is  still  farther  subdivided  by  septa  of  the  areolar  investing  tissue.  Each 
ultimate  subdivision  consists  of  a  cluster  of  polygonal  lymph  follicles  (fig.  465), 
each  divisible  into  cortical  (a)  and  medullary  (b)  layers  embedded  in  a  vascular 


Thyroid 
body. 
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b'ig.  463. — Endothelium,  showing  the  gran- 
ule cells  (c)  and  interspaces  of  air-cells 
of  lung  (a). 


Fig.  464. — Thymus  gland  at  birth. 


connective  tissue  containing  many  lymph  cells.  Peculiar  concentric  masses 
of  cells  are  distributed  in  the  medullary  part  of  these  follicles,  each  of  which 
contains  a  large  central  cell  surrounded  by  an  imperfectly  laminated  epithelium 
(fig.  466,  b).     These  concentric  corpuscles  of  H assail  are  sometimes  very  dense. 

At  birth  the  thymus  was  about  5  cm.  long  by  3^5  by  1.  Its  weight  at  birth 
is  about  15  grammes.  At  two  years  old  this  organ  attains  its  largest  size  and 
weighs  about  25  grammes,  and  is  about  7  cm.  long,  4  cm.  broad,  and  1*5  thick. 
At  six  it  begins  to  degenerate,  the  outer  layer  of  each  lobule  becoming  fatty  ; 
by  sixteen  this  change  has  generally  become  far  advanced,  the  organ  appealing 
as  a  fatty  mass  5  cm.  long,  6  broad,  and  1  thick.  Large  lymphatic  vessels 
traverse  it,  and  their  sheaths  have  been  described  as  a  convoluted  central 
canal.     The  blood  vessels  are  derived  from  the  internal  mammary. 

There  is  much  evidence  in  favour  of  the  view  that  the  thymus  is  derived  from,  the 
thickened  wall  of  the  precervical  sinus  or  angle  of  depression  formed  at  the  flexure  of  the 
lower  part  of  the  neck  on  the  thorax.     In  this  flexure  the  third  visceral  arch  overlaps  the 
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fourth  and  the  fourth  the  fifth.  The  corpuscles  of  Hassall  are  derived  probably  from  the 
epidermal  layer,  and  in  the  modified  corium  of  the  surrounding  tissue  there  has  been  an 
enormous  overgrowth  of  lymphoid  tissue  masking  other  parts  of  the  structure.  In  conse- 
quence of  its  source  its  vessels  and  nerves  are  chiefly  parietal  in  origin.  Of  its  exact  function 
little  is  known,  but  it  seems  to  be  the  great  functional  lymphatic  gland  of  ftetal  life  and 
infancy. 

211.   VEN-/E   INNOMINATE. — Under  cover  of  the  thymus  are  the  two 
innominate  veins,  formed  respectively  by  the  junction  of  the  subclavian  {§  420) 

and  common  jugular  (§  414)  veins  of  each 
side  (fig.  467).  The  right,  about  2  cm. 
long,  begins  behind  the  right  sterno-clavi- 
cular  joint,  descends  a  little  forwards  to 


Fig.  465. — Section  of  thymus,  showing 
its  lobules. 


Fig.  466. — Concentric  corpuscles 
of  Hassall — a,  leucocytes. 


juperficia/ 


the  level  of  the  lower  border  of  the  cartilage  of  the  first  rib,  where  it  is  joined  at 
an  angle  of  70°  by  the  left  innominate  vein  to  form  the  superior  vena  cava. 
Tt  underlies  the  sterno-hyoicl  and  thyroid  muscles,  as  well  as  the  thymus ;  the 
right  pleura  and  lung  lie  to  its  right,  the  arteria  innominata  and  right  vagus 

to  its  left,  and  the  trachea 
behind  and  to  the  left. 
It  receives  (a)  the  right 
internal  mammary,  (b) 
superior  intercostal,  and 
(c)  inferior  thyroid  veins. 
The  left  vena  innominata 
is  about  6  cm.  long,  arises 
behind  the  sternal  end  of 
the  left  clavicle,  and  passes 
downwards  and  to  the  left 
with  a  small  degree  of 
obliquity.  It  ci'osses  be- 
hind the  thymus  and  pre- 
sternum, and  overlies  the 
left  carotid  and  innomi- 
nate arteries.  It  receives 
on  its   lower   surface   the 

(a)  left  internal  mammary, 

(b)  thymic,  and  (c)  medias- 
tinal veins ;  on  its  upper 
surface  (e/)  the  left  inferior 
thyroid,  (e)  vertebral,  and 


Fi 


internal  mammary 

prcmesosterna7. \\~~ ~~ 

joint. 


467.  — Scheme  of  the  tributaries  of  the  superior  vena 
cava.  The  portion  below  the  vena  azygos  is  the  modi- 
fied right  duct  of  Cuvier. 

(/)  cervicalis  profunda  veins,  most  of  which  have  single  creseentic  valves  at 
their  mouths ;  but  there  are  no  other  valves  in  either  trunk.  In  the  infant 
at  birth  the  top  of  this  vein  is  on  a  level  with  the  upper  edge  of  the  sternum. 
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212.  SUPERIOR  VENA  CAVA.— This  vein  is  about  7  cm.  long  and 
descends  with  a  slight  curve,  its  lower  end  being  behind  and  to  the  right  of  the 
plane  of  its  upper.  Of  this  course  3  cm.  is  outside  the  pericardium,  which  it 
enters  obliquely  below  its  confluence  with  the  vena  azygos.  It  terminates 
opposite  the  third  right  costal  cartilage  or  the  seventh  dorsal  vertebra  by 
opening  into  the  right  auricle.  In  front  lies  the  thymus;  to  the  right  the  right 
lung  and  pleura ;  to  the  left  the  aorta;  and  behind,  the  ti'achea,  vena  azygos, 
right  bronchus,  right  pulmonary  artery,  and  superior  right  pulmonary  vein. 

213.  THE  AORTA  arises  behind  the  mesosternum,  opposite  the  lower  edge 
of  the  third  costal  cartilage.  Its  fii*st  part,  the  bulbllS  aortcB,  whose  three 
sinuses  of  Valsalva  lie  above  and  behind  the  semilunar  valves,  is  continued 
upwards,  forwards,  and  to  the  right  as  the  ascending"  (or  ventral)  aorta,  as 
far  as  the  level  of  the  second  costal  cartilage  (fig.  469,  1). 

This  portion  is  enclosed  in  the  fibrous  layer  of  the  pericardium,  superficial 
to  which  it  is  covered  by  the  lower  edge  of  the  thymus  and  the  right  pleura. 
The    serous   layer  of  the    peri- 

ric/Iit  carotid.      „,ui'ltt   i- 7 


right  subclarian. 


4"' dorsal — 


5'hlorsal 
corona ///•- 


ophageal 


cardium  makes  a  common  sheath 
around  it  and  the  pulmonary 
artery,  the  beginning  of  which 
vessel  and  the  right  auricular 
appendix  are  also  anterior  rela- 
tions. The  superior  vena  cava 
and  right  auricle  lie  to  its  right, 
the  pulmonary  artery  and  right 
branches  of  the  superficial  car- 
diac nerves  lie  to  the  left.  The 
right  pulmonary  artery,  anterior 
right  deep  cardiac  nerves,  left 
auricle,  and  right  bronchus  are 
its  posterior  relations. 

The  ascending  aorta  is  about  6  cm. 
long,  27  mm.  in  diameter,  with  coats 
1  "6  mm.  thick.  The  sinuses  of  Val- 
salva are  arranged  one  posteriorly, 
one  anterior  and  to  the  right,  and 
one  anterior  and  to  the  left.  From 
the  upper  part  of  each  of  the  two 
latter  arise  the  coronary  arteries. 
Above  the  sinus  the  lumen  is  nearly 
circular,  but  at  its  upper  part  it 
dilates  into  the  sinus  maximus  whose 
lumen  is  elliptical  and  whose  long 
axis  is  directed  backwards  and  to 
the  left. 

The  arch*  or  transverse 

aorta  (fig.  469,  2)  begins  above 
the  sinus  maximus  behind  the  presternum  and  passes  backwards,  a  little 
upwards  and  to  the  left,  crossing  and  slightly  curving  round  the  trachea,  on 
the  left  side  of  which  it  turns  directly  backwards  to  the  left  side  of  the  lower 
border  of  the  fourth  dorsal  vertebra,  where  it  turns  downwards,  becoming 
the  dorsal  aorta. 

On  its  left  surface,  which  looks  a  little  forwards,  it  is  overlapped  by  the  left 
lung,  and  overlapped  by  the  left  pleura,  under  cover  of  which  it  is  crossed  by  the 

*  It  is  to  be  noted  that  the  name  arch  is  here  limited  to  what  in  the  older  text-books  is 
called  the  transverse  portion  of  the  arch.  The  so-called  ascending  portion  of  the  arch  is  a 
portion  of  the  ventral  aorta,  and  the  so-called  descending  portion  is  part  of  the  dorsal  aorta. 


Fig.  468. 


-Scheme  of   course   and   branches  of   the 
thoracic  aorta. 
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left  phrenic,  left  superior  cardiac  branches  of  the  sympathetic  and  of  the  vagus, 
and  the  trunk  of  the  left  vagus,  here  giving  off  its  recurrent  and  inferior  cardiac 

branches.  From  its  upper  surface 
its  three  branches — the  innominate, 
left  carotid,  and  left  subclavian — 
arise,  their  origins  being  crossed  by 
the  left  vena  innominata.  At  its  right 
and  anterior  end  it  is  touched  by  the 
right  pleura  and  lung,  while  its 
right  surface  looks  backwards  and  to 
the  right,  and  lies  on  the  trachea, 
oesophagus,  recurrent  laryngeal,  and 
all  the  cardiac  nerves  except  the  two 
which  lie  in  front,  the  thoracic  duct, 
and  left  side  of  the  fourth  dorsal 
vertebra.  Below  its  concavity  are 
the  left  recurrent  laryngeal  nerve, 
the  left  bronchus,  the  right  pulmonary 
artery,  and  the  ductus  arteriosus,  to 
the  right  and  in  front  of  which  is  the 
superficial  cardiac  plexus  of  nerves 
and  several  large  lymphatic  glands. 

This  portion  of  the  aorta  measures  46 
mm.  in  length,  and  is  24  mm.  in  diameter, 
contracting  suddenly  to  22  mm.  at  its  ter- 
mination {/return  aorta)  immediately  beyond 
the  ductus  arteriosus,  enlarging  again  below 
this  point.  The  fibrous  layer  of  the  peri- 
cardium becomes  inseparably  blended  with 
its  adventitia  on  its  concave  side. 

The  branches  arise  close  together,  the 
mouths  of  the  innominate  and  left  carotid, 
when  seen  from  within,  being  separated  by 
a  comparatively  sharp  edge  ;  the  interval 
between  the  latter  and  the  subclavian  is  a 
little  longer,  and  the  left  side  of  each 
opening  is  sharper-edged  than  the  right. 

To  see  the  descending-  aorta 

(fig.  469,  3),  raise  the  left  lung  from 
its  bed  and  turn  it  forwards  and  to 
the  right,  dividing  the  left  pleura  as 
it  overlies  the  aorta  in  the  posterior 
mediastinum.  The  thoracic  stage  of 
the  descending  or  dorsal  aorta  follows 
the  flexures  of  the  spine,  and  extends 
from  the  fourth  to  the  twelfth  dorsal 
vertebra?,  being  about  20  cm.  long, 
and  diminishing  from  23  to  21  mm. 
in  diameter  in  its  course.  In  front  is 
the  root  of  the  left  lung  and  the 
Fijj.  469.-The  relations  and  branches  of  the   pericardium,  separated  from  it  by  the 


aorta - 


abdominal 


-4,    abdominal     aorta ;      <i,    common    ■  »-, ,  , .,- 

iliacs;  6,  sacral  aorta;  7,  innominate  artery ;   intervention  of  the  oesophagus  (ib.,  11) 


H,  common  carotids;  9,  subclavian;  11, 
oesophagus  and  oesophageal  arteries ;  12, 
intercostals ;  13,  14,  branches  of  the  inter- 
costals ;  15,  cceliac  axis;  16,  superior  mesen- 
teric; 17,  renals ;  18,  inferior  mesenteric; 
1 9,  thoracic  duct ;  20,  vena  azygos. 


carrying  with  it  the  vagi.  This  tube 
lies  above  to  its  right  side,  but  soon 
winds  in  front,  finally  projecting  a 
little  to  its  left  side  close  to  the 
diaphragm.    To  the  right  also  lies  the 
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right  pleura,  the  thoracic  duct  (ib.,  19)  and  vena  azygos  (ib.,  20);  to  the  left 
it  is  invested  by  the  left  pleura  and  indents  the  left  lung  (fig.  452,  B.r.). 
Behind,  it  lies  on  the  spine,  which  it  crosses  with  a  slight  obliquity,  at  first 
resting  on  the  left  side  of  the  dorsal  bodies,  but  reaches  the  middle  line  at  the 
twelfth  dorsal  vertebra.  The  vena  hemiazygos  and  the  intercostal  veins  above 
it  cross  between  it  and  the  spine. 

214.   BRANCHES   OF   THE  AORTA  WITHIN    THE    THORAX.— The 

right  and  left  coronary  arteries  arise  from  the  ascending  aorta  (p.  321).  From 
the  arch  the  arteria  innominata  (§  435),  the  left  carotid  (§  434),  and  left 
subclavian  (§  419)  arise.  From  the  descending  aorta  arise  nine  visceral 
branches  from  the  front  of  the  aorta  (three  bronchial,  two  pericardiac,  and  four 
oesophageal);  and  eighteen  intercostal  branches,  nine  on  each  side  arising  postero- 
laterally. 

1.  The  right  superior  bronchial  arises  close  to,  often  with  the  upper- 
most right  intercostal  branch  immediately  below,  the  level  of  the  bifurcation  of 
the  trachea.  It  accompanies  the  right  bronchus  into  the  lung.  2.  The  left 
Superior  bronchial  (fig-  469,  10)  is  much  smaller,  arises  a  little  lower,  and 
accompanies  the  left  bronchus.  3.  The  left  inferior  bronchial  arises  below 
the  level  of  the  left  bronchus,  and  is  distributed  to  the  lower  lobe  of  the  left 
lung  (fig.  468,  0').  There  is,  however,  much  variety  in  the  course  of  all  these 
visceral  branches.  4-5.  The  pericardiac  branches  are  two  small  vessels 
supplying  the  pericardium  and  the  posterior  mediastinal  lymphatic  glands. 
5-9.  The    oesophageal    arteries 


Post,  spinal 
'p^^^vtf:  -  —Rctro-costalcomm, 

'Pre-costal  com  m. 
wentrcd. 
Lai 


(ib.,  11)  are  usually  four,  and 
increase  in  size  from  above  down- 
wards. The  first  arises  below  the 
bronchials,  the  last  a  little  above 
the  diaphragm.  They  at  once 
enter  and  break  iip  in  the  wall 
of  the  oesophagus.  A  few  small 
and  rarely  injectible  branches, 
very  little  larger  than  the  ordin- 
ary vasa  vasorum,  pass  to  the  con- 
nective tissue  of  the  mediastinum. 

The  intercostal  {ib.,  12) 

arteries  are  usually  nine  on  each 
side,  arising  in  two  vertical  rows 
and  supplying  the  third  to  the 
eleventh  intercostal  spaces.  A 
subcostal  artery,  similar  in  nature, 
underlies  the  twelfth  rib.      The 

upper  three  pairs  arise  opposite  the  fifth  dorsal  vertebra,  sometimes  by  a 
common  trunk,  and  ascend  obliquely  to  their  spaces ;  the  others  pass  out 
nearly  at  right  angles.  Those  of  the  right  side  are  longer,  as  they  have  to 
cross  the  vertebral  bodies,  underlying  the  parts  in  the  posterior  mediastinum. 
When  each  vessel  reaches  the  space  between  the  side  of  the  vertebra  and  the 
superior  costo-t ran s verse  ligament  it  divides  into  two  branches,  a  posterior  and 
an  anterior.  The  former  (fig.  470)  passes  backwards  between  the  transverse 
processes  of  contiguous  vertebrae  with  the  corresponding  dorsal  nerve,  and 
opposite  the  intervertebral  foramen  divides  into  two  branches,  spinal  and 
muscular.  The  spinal  enters  the  foramen  and  divides  within  the  spinal  canal 
into  three  branches,  one  to  the  front  wall,  and  one  to  the  back  wall  of  the 
canal.  Each  of  these  makes  a  regular  network  of  anastomoses,  pre-,  and  retro- 
neural,  with  the  corresponding  vessels  above,  below,  and  on  the  other  side. 


Fig.  470. — Diagram  of  an  intercostal  artery,  showing 
its  anterior  and  posterior  branches  and  inter- 
metameric  communications. 
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The  third  branch  pierces  the  dura  mater,  and  ramifies  on  the  spinal  marrow, 
anastomosing  in  front  with  the  anterior,  behind  with  the  posterior  spinal 
arteries  (fig.  470). 

The  muscular  branch  emerges  behind  the  transverse  processes,  and  after 
a  short  course  divides  into  inteimal  and  external  branches.  The  former  passes 
between  the  semispinalis  and  longissimus  dorsi,  supplying  both,  and  sending  a 
subcutaneous  branch  which  pierces  these  muscles  close  to  the  spinous  pro- 
cesses. The  external  emerges  between  the  longissimus  and  ilio-costalis.  Minute 
retro-costal  vessels  join  together  the  arteries  of  successive  segments. 

The  anterior  intercostal  artery  lies  beneath  the  pleura,  endothoracic  fascia, 
and  sympathetic  chain,  sinking  under  the  infracostalis,  and  between  the  external 
and  internal  intercostal  muscles.  A  little  in  front  of  the  angle  of  the  rib  each  divides 
into  two  branches,  a  small  inferior  (fig.  469,  14)  which  runs  along  the  upper 
edge  of  the  rib  below,  and  a  larger  superior  (ih.,  16)  which  passes  in  the  subcostal 
groove  with  its  companion  nerve  below  and  vein  above.  These  vessels  anastomose 
with  each  other,  and  in  front  with  the  intercostal  branches  of  the  internal 
mammary.  They  also  send  lateral  branches  into  the  serratus  magnus  and  per- 
forating branches  to  the  pectoral  muscles,  mammary  gland,  and  serratus  magnus. 

In  early  foetal  life  all  the  intercostal  vessels  pass  at  right  angles  or  even  descend  a  little 
from  the  aorta.  The  opposite  obliquity  of  the  upper  vessels  appears  first  in  the  first  year, 
and  is  due  to  the  uuequal  growth  of  the  spine  and  the  aorta.  In  tapping  the  thorax  the 
safest  mode  of  avoiding  the  intercostal  vessel  is  to  pierce  in  the  middle  or  nearer  to  the  lower 
than  the  upper  part,  of  the  intercostal  space,  that  below  the  angle  of  the  scapula  being 
generally  the  one  selected. 

A  minute  vessel  which  arises  close  to  the  right  bronchial  ascends  behind  the 
trachea  and  oesophagus  and  terminates  on  the  oesophagus.  This  is  the  remains 
of  the  dorsal  continuation  of  the  right  arch  (§  430). 

215.     POSTERIOR    MEDIASTINUM -Dissection. —Raise   the    right   lung  from  its 

place  and  reflect  it  to  the  left  side;  divide  and  remove  the  pleura  as  it  is  reflected  from  the 
vertebra?  on  the  back  of  the  root  of  the  right  lung ;  thereby  the  side  of  the  posterior 
mediastinum  is  exposed. 

The  parts  in  this  space  are  the  thoracic  aorta,  projecting  to  the  left  side, 
the  oesophagus  (§  253),  closely  applied  to  the  back  of  the  pericardium,  and 
descending  to  the  diaphragm,  the  vena  azygos  and  thoracic  duct.  Upon  the 
oesophagus  the  two  vagus  nerves  descend  from  the  root  of  the  lung,  the  right 
inclining  towards  the  back,  the  left  towards  the  front  of  the  tube  (on  whose 
wall  they  form  the  oesophageal  plexus — §  486). 

216.  VENA  AZYGOS.— To  the  right  of  the  aorta  is  the  thoracic  duct,  and 
still  farther  to  the  right  is  the  vena  azygos  (fig.  471),  which,  arising  in  the 
abdomen,  usually  from  a  branch  of  the  ascending  lumbar  vein,  ascends  through 
the  aortic  opening  of  the  diaphragm,  and  lies  on  the  front  of  the  vertebral 
column,  crossing  the  right  intercostal  arteries'as  far  as  the  fourth  dorsal  vertebra, 
where  it  turns  forwards  above  the  root  of  the  right  lung  to  join  the  superior 
vena  cava.  It  receives  on  its  right  side  the  intercostal  veins,  from  the  eleventh 
to  the  fourth,  on  the  left  the  vena  hemiazygos  at  the  eighth  dorsal  and  the  hemi- 
azygos accessoria  still  higher.  In  front  it  receives  the  three  oesophageal,  two 
pericardiac  and  several  small  mediastinal  veins,  and  close  to  its  end  the  right 
bronchial.  This  vein  possesses  a  few  imperfect  valves,  but  very  few,  except  the 
uppermost,  of  its  intercostal  tributaries  have  valves  at  their  mouths,  although  a 
few  valves  occur  in  the  course  of  the  intercostal  veins.  The  pleura  is  so  tightly 
fastened  to  the  vena  azygos  on  the  level  of  the  openings  of  the  intercostal  vein 
that  it  holds  the  vein  open  when  it  is  cut  across,  and  the  motions  of  the  ribs 
alternately  make  tense  and  relax  the  venous  wall. 

The  hemiazygOUS  vein  on  the  left  side  arises  below  from  a  small  branch 
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of  the  ascending  lumbar  vein,  which,  piercing  the  diaphragm,  receives  the  left 
subcostal  vein,  and  as  it  ascends  on  the  left  side  of  the  vertebral  column  cross- 
ing over  the  left  intercostal  arteries,  it  receives  the  four  lower  intercostal  veins 
of  its  side,  and  passing  behind  the  aorta  over  the  seventh  dorsal  vertebra,  receives 
the  lowest  oesophageal  vein  and  joins  the  vena  azygos.' 

The  blood  of  the  two  topmost  right  intercostal  veins  (whose  artery  comes 
from    the    subclavian)    is    returned   by   a   special 
channel  which  ascends  to  join  the  right  vena  in- 
nominata.     The  third  joins   the  fourth  vein,  and 
ends  with  it  in  the  vena  azygos. 

The  four  left  intercostal  veins,  from  the  sixth 
to  the  third,  vary  in  their  course.  Two  or  more 
of  them  usually  unite  into  a  single  trunk,  the 
V.  hemiazygos  accessoria,  which  descends  and 
crosses  the  seventh  dorsal  vertebra  above,  or  even 
united  to  the  v.  hemiazygos  to  join  the  vena  azygos. 
The  third,  sometimes  united  with  the  fourth,  passes 
independently  across  the  aorta  to  the  left  vena 
innominata.  The  accessory  vein  is  usually  pro- 
longed upwards  as  a  small  channel  which  crosses 
the  left  side  of  the  arch  of  the  aorta  obliquely, 
receives  the  intercostal  veins  from  the  first  and 
second  interspaces,  and  ends  in  the  left  vena  in- 
nominata. 

The  relations  of  these  structures  to  the  vestigial  vein 
and  other  parts  of  the  system  of  the  cardinal  veins  has  been 
already  discussed.  The  radicles  of  the  intercostal  veins 
correspond  with  those  of  their  companion  arteries,  above 
which  they  lie  in  the  subcostal  groove;  when  they  reach 
the  intervertebral  and  intertransverse  foramina,  they  i-e- 
ceive  each  a  dorsal  branch  from  the  spinal  system  of  veins, 
as  well  as  several  vertebral  veins  from  the  body  of  the 
vertebra. 

The    thoracic    duct    ascending  from   the    ab- 
domen   (§   295)    enters  the    posterior  mediastinum   Fig.    471. — Vena    azygos    and 
by  the  aortic  opening,  and  lies  to  the  left  of  the       thoracic  duct  in  the  posterior 
aorta  and  to  the  risht  and  on  a  plane  anterior  to       mediastinum. -I,     If,     &c 
,  -p   .  .  ..      .        i  .  ,  ribs ;    above,  the  same   kind 

the  vena  azygos.  It  is,  while  in  this  space,  close  to  of  figures  are  on  the  cervical 
the  right  pleura  and  lies  on  the  right  intercosta^and  below  on  the  costal  pro- 
arteries,  the  hemiazvgos  vein  and  the  areolar  Tfcesses  of  the  lumbar  vertebrae. 
tissue  of  the  mediastinum.  At  the  fifth  dorsal/  ^.^fascicles  of  diaphragm; 
,    1         .,  ,1  .in     v  .1.     1    or       5>  dorsal  aorta ;  0,  innominate 

vertebra  it  passes  across  the  middle  line  to  the  lett       artery  ■   9    left  carotid  •    10 


side,  and  enters  the  superior  mediastinum  posterior 

to  the  aortic  arch  and  to  the  oesophagus,  becoming 

ultimately  a  left  relation  of  the  oesophagus,  between 

which  and  the  left  pleura  it  ascends  to  the  upper 

opening  of  the  thorax,  out  of  which  it  rises  into 

the   neck    (§  420).       The  thoracic  portion  of  the 

thoracic  duct  is  about  35  cm.  long,  very  sinuous, 

and  when  inflated  from  below  it  appears  nodulous, 

owing  to  the  dilated  portions  which  lie  above  each 

pair  of  its  numerous  valves.     There  are  more  valves 

in  the  short,  superior  mediastinal  stage  than  in  the  longer,  posterior  mediastinal. 

The  duct  often  breaks  up  into  a  plexus,  especially  in  the  superior  mediastinum. 

It  receives  the  pleural,  intercostal,  and  left  pulmonic  lymphatics  in  its  thoracic 

stage.     It  usually  dilates  about  the  level  at  which  it  crosses  the  spine. 


subclavian  ;  1 1  is  between  the 
thyroid  (leftward)  and  the 
vertebral;  12,  right  Vertebral; 
13,  common  jugular  vein;  14, 
subclavian  vein ;  1 5,  right  in- 
nominate vein  ;  16,  left  inno- 
minate vein;  17,  superior  vena 
cava;  18,  vena  azygos;  19, 
vena  hemiazygos;  20,  superior 
intercostal  vein  of  left  side  ; 
21  and  22,  thoracic  duct. 


35Q 


VESSELS    OF    DORSAL    VERTEBRA. 


PI.  venos.  int 


PL  vehos.  ext. 


Fig.  472. — Horizontal  section  through  body  of 
lumbar  vertebra,  showing  the  arrangement  of 
the  veins. 


217.  VEINS  OF  THE  DORSAL  VERTEBRjE.—  The  veins  of  the  vertebral 
column  are  lai-ge  and  plexiform.  Within  the  spinal  canal  there  are  four  vertical 
trunks — one  on  each  side  of  the  posterior  common  spinous  ligament,  and  one 
on  each  side  of  the  laminae,  the  anterior  and  posterior  longitudinal 
Spinal  veins.  These  are  united  by  cross  branches ;  the  two  anterior  are 
joined  by  large  plexiform  anterior  transverse  branches  which  cross  the  back  of 
the  body  of  each  vertebra,  and  receive  the  basivertebral  veins  from  the  cancellous 
tissue  of  the  bone  through  the  pair  of  holes  in  the  back  of  the  body.     The 

anterior  and  posterior  are  joined  by 
a  lateral  transverse  branch  on  the 
inside  of  each  pedicle,  and  the  two 
posterior  are  joined  by  smaller  pos- 
terior transverse  branches  which  lie 
on  the  interlaminar  ligament.  There 
is  thus  a  system  of  transverse  venous 
rings  on  each  metamere  into  which 
the  spinal,  meningeal,  and  cancellous 
veins  discharge  their  blood.  Through 
each  intervertebral  foramen  there 
emerges  an  outflowing  ramus  spinalis 
which  joins  an  extra-vertebral  plexus 
dorsalis  of  veins  investing  the  out- 
side of  the  laminae,  and  which  is 
longitudinally  continuous  from  the 
sacrum  to  the  skull.  Into  this  the 
veins  which  accompany  the  dorsal 
branches  of  the  intercostal  arteries 
pass,  and  from  these  the  dorsal  veins 
arise  which  open  at  every  interspace  into  the  intercostal  veins  before  these 
end  in  the  vena  azygos. 

This  vertebral  system  of  veins  which  extends  into  the  cervical  and  lumbar 
regions  with  but  little  modification,  is  in  capacity  much  larger  than  the  corre- 
sponding system  of  arteries. 

218.  THE  CARDIAC  NERVES,  whose  origins  are  seen  in  the  neck 
{§  488),  unite  to  form  a  plexus  as  they  enter  the  thorax,  and  lie  partly  in 
front,  partly  behind  the  aortic  arch.  The  superior  left  cardiac,  and  the  inferior 
left  vagus-cardiac  from  the  recurrent  laryngeal,  lie  over  the  aorta  between  the 
vagus  and  the  phrenic  nerves,  and  descend  on  the  front  of  the  pulmonary 
artery  to  form  part  of  the  anterior  cardiac  plexus. 

The  three  right  cardiac  nerves  and  the  middle  and  inferior  left,  with  the 
right  vagus  cardiac,  lie  behind  the  aorta.  To  see  them,  divide  the  superior 
vena  cava  as  it  enters  the  pericardium,  cut  the  aorta  at  the  sinus  maximus  and 
at  the  ductus  arteriosus,  and  raise  the  arch.  The  nerves  can  now  be  seen 
forming  a  plexus  in  front  of  the  bifurcation  of  the  trachea,  behind  the  aorta 
and  above  the  right  pulmonary  artery.  From  this  the  branches  descend  in  two 
streams  right  and  left. 

The  right  branches  pass  between  the  aorta  and  the  pulmonary  artery,  and 
some  run  forwards  and  join  the  anterior  cardiac  plexus,  which  is  distributed  to 
the  front  of  the  heart,  to  the  pulmonaxy  artery  and  aorta,  and  in  which  there 
is  sometimes  a  small  ganglion  beneath  the  aortic  arch,  the  cardiac  ganglion  of 
Wrisberg.  Most  of  the  right  branches,  however,  enter  the  right  aui'iculo- 
ventricular  groove  with  the  left  coronary  artery,  and  form  the  anterior  coronary 
plexus.  From  this  pass  branches  to  the  right  auricle,  to  the  right  ventricle,  as 
well  as  to  the  front  of  the  aorta,  along  which  they  pass,  even  being  continued  on 
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its  primary  branches  to  the  neck.  Some  are  continued  on  the  superior  vena 
cava  and  left  pulmonary  veins.  The  left  branches  are  the  larger  and  more 
numerous,  and  pass  beneath  the  left  pulmonary  artery  to  form  the  posterior 
coronary  plexus  which  runs  on  the  hinder  wall  of  the  heart  in  the  auriculo- 
ventricular  groove,  and  sends  branches  along  the  pulmonary  arteries  to  both 
lungs  to  join  the  anterior  pulmonic  plexuses  in  the  roots  of  the  lungs.  Minute 
ganglia  connected  with  these  permeate  the  heart  substance  especially  around 
the  auriculo-ventricular  groove. 

The  eleven  intercostal  nerves  on  each  side  are  the  ventral  branches  of 
the  dorsal  spinal  nerves.  As  each  emerges  from  its  intervertebral  foramen  it 
gives  off  two  branches  to  the  cori'esponding  sympathetic  ganglion.  Each  lies 
at  first  between  the  pleura  and  the  external  intercostal  muscle  placed  usually 


Sup.  cerv.  ganglion 


Rami  communicantes.   — ' 


Sup.  cardial 
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Carotid  plexus. 
Sup.  laryngeal. 

—  Ext.  laryngeal. 
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Cardiac  branches  of 
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Left  coronary 
plexus. 


Fig.  473.  — Diagram  of  cardiac  nerves. 

below  its  accompanying  vessels,  except  for  the  upper  three,  which  are  crossed 
by  these  vessels.  It  then  enters  the  space  between  the  outer  and  inner  inter- 
costal muscles,  finally  lying  in  the  internal  intercostal  muscles  as  far  as  the 
sternum,  where  it  ends  by  becoming  the  anterior  cutaneous  nerve.  They  give 
off  in  their  course  lateral  muscular  and  lateral  cutaneous  nerves. 

Thoracic  Sympathetic  System. — A  chain  of  lateral  ganglia  is  placed 
behind  the  pleura  on  each  side,  the  upper  ten  resting  on  the  fronts  of  the  rib- 
heads,  the  lowest  pair  on  the  vertebral  bodies.  Each  ganglion  is  small,  irregii- 
larly  fusiform,  greyish,  joined  to  its  predecessor  and  successor  by  a  thin  grey  nerve- 
cord,  and  receiving  two  rami  communicantes,  one  white,  the  visceral  branch  of 
the  anterior  division  of  the  corresponding  spinal  nerve,  and  one  grey.  The 
latter  consists  of  grey  non-medullated  fibres  which  are  lost  in  the  ganglia, 
but  the  chief  thickness  of  the  former  consists  of  small  white  medullated  fibres 
(about  2  fh  in  diameter),  which  are  probably  vasomotor  and  viscero-inhibitory 
fibres,  and  which  leave  the  ganglia  in  their  inner  or  collateral  branches.  The 
collateral  branches  of  the  five  upper  thoracic  ganglia  are  small,  and  are  distri- 
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buted  chiefly  on  the  aorta,  pulmonary  artery,  and  structures  in  the  superior 
mediastinum.  They  form  on  the  thoracic  aorta  a  fine-meshed  plexus,  which 
receives  a  contingent  from  the  cardiac  plexus.  Other  branches  communicate 
with  the  posterior  pulmonic  plexus  of  the  vagus,  a  few  fine  branches  are 
distributed  to  the  thoracic  duct  and  vena  azygos,  and  to  the  vertebral  veins. 

The  collateral  branches  from  the  sixth,  seventh,  eighth,  and  ninth,  and 
sometimes  from  the  tenth,  are  strong  white  cords  which  pass  inwards,  converg- 
ing, and  unite  successively  in  the  posterior  mediastinum  to  form  the  great 
Splanchnic  nerVG.  This  lies  on  the  vertebral  bodies,  and  enters  the  abdomen 
by  piercing  the  cms  of  the  diaphragm  (§  315).  The  collateral  branches  from 
the  tenth  and  eleventh  unite  to  form  the  lesser  splanchnic,  which  descends 
external  to  the  greater  splanchnic  and  also  pierces  the  diaphragm.  The 
collateral  branch  of  the  twelfth  is  the  least  splanchnic,  and  arises  ojiposite  the 
level  of  the  inner  arcuate  ligament  of  the  diaphragm. 

The  distribution  of  the  splanchnic  nerves  will  be  seen  in  the  dissection  of 
the  abdomen. 
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219.  A  staff  having  been  passed  into  the  urethra,  the  body  is  to  be  placed  on  its  back 
with  the  thighs  flexed  and  abducted.  It  may  be  retained  in  this  position  by  tying  it,  or, 
still  better,  by  placing  it  on  a  perineum  frame,  such  as  that  used  in  Cambridge. 

The  perineum  is  the  narrow  interval  between  the  thighs,  consisting  of  a 
hinder  part  or  anal  region  and'  a  fore  or  genito-urinary,  which  may  be  marked 
off  from  each  other  by  a  curved  line  drawn  from  one  ischial  tuberosity  to  the 
other  in  front  of  the  anus. 

The  tubera  ischii  can  be  felt  through  the  soft  parts  at  either  side,  and  the 
point  of  the  coccyx  is  palpable  behind,  lying  in  the  median  depression  (CPena 
Clunium).  In  front  of  its  tip  the  skin  is  occasionally  sunk  into  a  dimple,  the 
rudimental  subcaudal  fold.  The  rounded  margin  of  fatty  tissue  which  descends 
below  the  lower  edge  of  the  gluteus  maximus  can  be  felt  passing  outwards 
from  the  coccyx  and  forming  the  fold  of  the  nates.  Farther  forward  and  on 
each  side  the  ischio-pubic  rami  and  the  tubera  cavernosa  (p.  166)  can  be  felt. 

The  anal  orifice  appears  as  an  irregular  elliptical  opening  about  2  cm. 
long,  placed  about  3  cm.  in  front  of  the  coccyx.  Its  border  is  somewhat 
puckered,  the  vertical  folds  of  the  wrinklings  being  continued  upwards  into  the 
rectum  as  ridges  (C0Tumn36  recti),  which  diminish,  but  do  not  completely 
disappear,  on  distension.  The  pale  thin  epidermis  of  the  anal  margin  is 
prolonged  for  about  7  mm.  inwards,  and  ends  in  a  crenated  zone  of  transitional 
epithelium,  which  becomes  cylindrical  on  the  columnse.  A  circle  of  very  large 
and  often  modified  sweat  glands  opens  close  to  the  end  of  the  cutaneous  area. 

During  life,  when  the  body  is  bent  forwards  on  hands  and  knees,  on 
dilating  the  anal  orifice,  two  or  three  crescentic  folds  of  the  mucous  membrane 
of  the  rectum  can  be  seen  at  some  distance  up  in  the  intestine.  These  will  be 
described  at  a  later  stage. 

220.  THE  MALE  PERINEUM.— In  front  of  the  anus  the  skin  is  marked 
by  a  distinct  median  raph£,  continued  forwards  along  the  middle  line  of  the 
scrotum  to  the  under  side  of  the  penis.  An  inch  in  front  of  the  anus  there  is  a 
slight  median  swelling,  corresponding  to  the  bulb  of  the  urethra,  on  each  side  of 
which  the  roots  of  the  corpora  cavernosa  penis  can  be  felt. 

The  perineal  epidermis  is  deeply  pigmented  and  about  015  mm.  thick.  The  corium  has 
few  papillae  and  is  1  mm.  thick  medially,  but  becomes  much  thicker  over  the  tubera  ischii : 
it  appears  wrinkled  towards  the  scrotum.  The  hairs  are  directed  forwards  aud  inwards 
anteriorly,  but  are  divergent  around  the  anus,  behind  which  they  converge  towards  the 
coccyx,  and  are  usually  about  18  to  the  sq.  cm.  Sweat  glands  are  few  and  usually  small,  42 
to  the  sq.  cm. ;  sebaceous  glands  are  also  small.  There  are  numerous  papillae  in  clusters 
close  to  the  verge  of  the  anus,  which,  when  diseased,  may  become  large  and  clustered, 
forming  condylomata. 

Dissection. — Fasten  by  a  stitch  the  fundus  of  the  scrotum  to  the  prepuce  and  tie  the 
handle  of  the  staff  forwards.  Distend  the  rectum  moderately  with  tow  wet  with  spirit,  and 
stitch  the  margins  of  the  auus  together.  Divide  the  skin  in  the  middle  line  from  the  root  of 
the  scrotum  to  the  coccyx,  the  incision  being  carried  on  each  side  of  the  anus.  From  each 
end  of  this  line  cut  outwards  at  right  angles  for  an  extent  of  10  cm.  and  reflect  the  flaps  of 
skin  outwards. 

Close  to  the  verge  of  the  anus  the  skin  is  with  difficulty  separable,  and  in 
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the  cutis  there  are  scattered  radiating  fascicles  of  unstriped  muscular  fibres 
(COFPUg'atOF  CUtiS  ani),  not  making  a  continuous  layer.  The  anal  veins 
lie  close  to  the  skin  along  the  edge  of  the  opening,  and  often  present  vari- 
cosities which,  when  large,  constitute  external  piles.  By  removing  these  the 
superficial  sphincter  is  exposed. 

On  removing  the  subcutaneous  tissue  in  front  of  the  coccyx,  a  small  lobulated  body,  the 

coccygeal  glomerulus,  is 

brought  into  view.     This  is 


coccyx. 


br.  of  sciatic, 
post,  and  ant.  - 
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nerves.  ■'jjy.JV. 

reflected  edge  of 
Cones' s  fascia. 

central  perineal 

point. 
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about  2  mm.  in  diameter, 
embedded  in  the  connective 
tissue  and  attached  by  a 
pedicle  formed  of  the  end  of 
the  middle  coccygeal  artery 
and  a  sympathetic  nerve 
filament,  which  pierces  the 
fibrous  tissue  in  front  of  the 
This  stalk  is  the  ter- 


pudendal 
nerve. 


scrotum. 


Fig.  474.- 


-Superficial  dissection  of  the  perineum,  showing 
the  superficial  nerves. 


'  •  ~  .  ;  coccyx 

ZJZii^I  mination  of  the  dorsal  aorta, 
perineal  nerve.        -.   ,,        ,  <•  •  .'■ 

™,riena„i  and  the  glomerulus  consists 

of  the  condensed  and  con- 
voluted metameric  dorsal 
arteries  of  the  caudal  seg- 
ments embedded  in  tissue, 
which  is  possibly  a  small 
persisting  fragment  of  the 
neurenteric  canal.  The 
arteries  are  dilated  into  little 
aneurismal  varicosities,  with 
strong  muscular  coats.  From 
these  capillaries  arise,  and 
end  in  small  veins.  A  few 
nerve  fibres  and  one  or  two  ganglion  cells  are  scattered  in  the  stroma  of  the  organ.  It  is 
occasionally  the  seat  of  cystic  enlargement,  and  sometimes  is  a  centre  of  neuralgic  pain. 

221.  THE  SUPERFICIAL  SPHINCTER  ANI  consists  of  curved  fascicles 
running  sagittally  on  each  side  of  the  orifice  and  divisible  into  two  strata,  a 
superficial  subcutaneous,  and  a  deeper,  which  lies  close  to  the  intestinal  wall. 
It  arises  behind  from  the  firm  areolar  median  band  (ano-COCCyg'eal  ligament) 
(fig.  478,  17),  which  stretches  from  the  coccyx  to  the  skin  of  the  hinder  angle  of 
the  anus.  The  fibres  run  forwards,  forming  a  flattish,  obliquely  directed  plane 
of  muscle,  and  are  inserted,  the  superficial  into  the  skin  of  the  preanal  median 
line,  the  deeper  partly  into  the  deep  fascia  at  the  central  perineal  point  (p.  357), 
partly  into  the  bulbo-cavernosus  muscle  (p.  358),  some  outer  fibres  run  directly 
into  the  levator  ani,  and  a  few  of  the  innermost  cross  the  median  line  decussating 
their  fellows.  One  slender  fascicle  passes  round  the  front  of  the  opening  from 
side  to  side,  closely  applied  to  the  deep  sphincter. 

By  its  tonic  action  it  keeps  the  anus  closed,  but  it  may  be  forcibly  contracted,  and  so  can 
resist  the  expulsive  force  of  the  muscular  wall  of  the  rectum.  It  is  supplied  by  the  fourth 
sacral  nerve. 

The  other  deep  structures  of  the  anal  wall  are  described  in  connection  with  the  ending  of 
the  rectum,  and  will  be  subsequently  seen  (§  260).  The  superficial  sphincter  is  essentially  a 
subcaudal  sling,  segmented  from  the  levator  ani,  constricting  the  anus  and  suspending  it  to 
the  vertebral  column. 

222.  ISCHIO-RECTAL  FOSSA.— The  superficial  fascia,  almost  absent 
over  the  sphincter,  thickens  enormously  on  each  side,  filling  with  coarse- 
grained fat  the  space  between  the  rectum  and  the  tuber  ischii,  and  forming  a 
lateral  elastic  support  for  the  end  of  the  rectum,  which  it  keeps  closed  by  its 
pressure. 

Remove  this  fat  piecemeal,  commencing  behind  at  the  edge  of  the  gluteus  maximus,  the 
fascial  investment  of  which  is  to  be  cleaned.  Here  two  perineal  branches  of  the  small 
sciatic  nerve,  and  a  branch  of  the  sciatic  artery  (fig.  474,  /.  red.  A),  cross  from  beneath  the 
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edge  of  the  muscle  to  supply  the  skin.  Preserve  these  as  well  as  the  two  anal  arteries  which 
pass  through  the  fat  transversely,  farther  forward,  from  above  the  tuber  ischii  to  the  verge  of 
the  anus. 

The  ischio-rectal  fossa  is  a  wedge-shaped  space,  whose  outer  perpendicular 
wall  is  formed  by  the  obturator  fascia  above  the  tuber  ischii,  and  whose 
inner  oblique  wall  is  the  thin  anal  fascia  covering  the  levator  ani.  It  is 
closed  above  by  the  junction  of  these  fasciae,   the  angle  of  union   receding 
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Fig.  475. — Diagrammatic  section  of  pelvic  fascia,  showing  the  fascial  boundaries 
of  the  ischio-rectal  fossa. 


gradually  as  the  fossa  deepens  to  a  narrow  point  towards  the  spine  of  the 
ischium.  Its  hinder  limit  superficially  is  the  edge  of  the  gluteus  maximus, 
whose  investing  fascia  tucks  inwards  to  be  attached  to  the  underlying  greater 
sciatic  ligament.  Its  front  wall  is  a  fold  of  the  deep  fascia,  stretching  from  the 
front  of  the  tuber  ischii  to  the  central  perineal  point. 

The  pudic  artery  (tig-  481)  lies  in  a  canal  in  the  obturator  fascia,  about  2  cm. 
above  the  edge  of  the  tuber  ischii.  Its  anterior  and  posterior  anal  branches  pierce 
the  fascia  and  pass  transversely  through  the  fat  to  the  structures  bounding 
the  anus,  anastomosing  with  each 
other  and  with  the  inferior  rectal 
arteries.  ,  The  anal  branch  of  the 
pudic  nerve  passes  with  the  anterior 
artery  to  supply  the  skin  of  the  verge 
of  the  anus.  Piex-cing  the  levator  ani 
near  the  coccyx  is  the  anal  branch  of 
the  fourth  sacral  nerve  which  supplies 
the  sphincter. 

In  front  of  the  anal  arteries  the 
perineal  nerve  leaves  the  pudic  artery 
and  becomes  superficial  by  piercing 
the  fascia;  dividing  into  two  branches, 
a  superficial,  which  passes  forwards 
over  the  deep  fascia  to  supply  the 
skin  of  the  perineum  and  scrotum, 
and  a  deeper,  which  again  passes 
through  the  deep  fascia  at  its  reflec- 
tion (see  below)  and  enters  the  inter- 
muscular space,  to  be  distributed  to  the  perineal  muscles. 

Over  the  tuberosities  of  the  ischia  the  superficial  fascia  is  thick  and 
laminated,  traversed  by  fibrous  bands  which  tie  the  skin  to  the  bone  or  to  the 
wall  of  a  bursa  (bt,rsa  ischiatica),  which  is  irregular,  often  compound,  and  crossed 
by  smooth  round  cords  clothed  with  endothelium. 
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Fig.  476. — Deep  investing  fascia  of  perineum 
(Colles's  fascia),  seen  in  vertical  section. 
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In  the  urethral  region  the  superficial  fascia  is  thinner,  and  laterally  continuous 
with  that  of  the  thigh.  It  becomes  still  thinner  towards  the  scrotum,  and  hei-e 
it  contains  many  fascicles  of  involuntary  muscle,  and  is  called  the  dartOS 
(§  244).  In  the  middle  line  the  superficial  fascia  is  united  both  to  the  skin 
and  to  the  deep  fascia,  so  that  infiltrations  pass  with  difficulty  from  side  to  side, 
and  only  small  vessels  cross  this  line. 

The  pudendal  nerve  lies  a  short  distance  outside  the  ischial  rami  (§  325), 
having  pierced  the  fascia  lata  at  the  lower  border  of  the  gluteus  maximus, 
about  3  cm.  external  to  the  ischial  margin.  It .  passes  in  the  superficial 
fascia  at  first  inwards  and  then  forwards,  and  supplies  the  skin  of  the  fold 
between  the  scrotum  and  thigh,  and  communicates  with  the  superficial  perineal 
nerve.* 

Remove  the  superficial  fascia  so  as  to  expose  the  underlying  deep  fascia. 


Fig.  477- — Muscles  of  the  perineum,  diagrammatically  represented — 1,  anus;  2,  coccyx; 
3,  tuber  ischii ;  4,  greater  sciatic  ligament ;  5,  acetabulum ;  B,  bulbo-cavernosus ; 
Ts,  transversus  perinei;  J,  ischio-cavernosus ;  F,  anterior  layer  of  triangular  ligament; 
O,  obturator  internus  ;  S,  sphincter  ani ;  L,  levator  ani ;  P,  pyriformis. 

223.  THE  DEEP  PERINEAL  FASCIA  OR  COLLES'S  FASCIA  is  a  thin 
membrane  attached  on  each  side  to  the  rami  of  the  ischium  and  pubis,  and 
continuous  in  front  into  the  deep  fascia  of  the  penis.     In  the  middle  line  it  is 

*  The  dissector  should  make  out  the  nerves  and  vessels,  as  well  as  the  muscles  and  fasciae 
on  both  sides ;  nothing  but  confusion  arises  from  making  a  more  perfect  dissection  on  one  side 
than  on  the  other ;  it  does  not  add  to  the  facility  with  which  the  dissector  does  his  work, 
and  only  teaches  bad  habits  to  scamp  one  half  of  the  work  by  cuttirjg  away  parts  without 
seeing  them  properly. 
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with  difficulty  separable  from  the  overlying  superficial  fascia  and  from  the 
underlying  raphe  of  the  bulbo-cavernosus  muscle,  at  the  hindmost  end  of  which 
it  receives  the  attachments  of  the  sphincter  ani  and  transversus  perinei,  and  this 
strengthened  spot  is  called  the  central  perineal  point.  From  this  outwards, 
on  each  side,  the  deep  fascia  is  reflected  around  the  hinder  border  of  the 
transverse  perineal  muscle  (fig.  477,  Ts),  so  forming  an  anterior  boundary  for 
the  ischio-rectal  fossa;  and  turning  upwards  behind  that  muscle  it  is  continued 
forwards  as  a  strong  reflected  layer,  the  anterior  layer  of  the  triangular 
ligament  (ib.,  F),  which  will  subsequently  be  seen  on  a  deeper  plane. 


Fig.  478. — Perineal  muscles  as  commonly  met  with — 1,  corpus  spongiosum;  2,  corpus  caver- 
nosum;  3,  scrotum;  4,  fascia  lata;  5,  bulbo-cavernosus;  6,  ischio-cavernosus ;  7, 
transversus  perinei,  sending  8,  fibres  into  bulbo-cavernosus;  9,  border  from  which 
Colles's  fascia  has  been  cut;  10,  anomalous  bundle  of  fibres  passing  to  anus;  11,  anterior 
layer  of  triangiilar  ligament;  12,  compressor  urethra ;  13,  ischio-bulbosus ;  14,  Cowper's 
gland;  15,  superficial  sphincter;  16,  insertion  of  last  into  central  perineal  point;  17, 
anococcygeal  ligament;  18,  levator  ani;  19,  obturator  fascia;  20,  ischio-rectal  fossa; 
21,  gluteus  maximus. 

A  little  above  its  border  of  reflection  Colles's  fascia  is  connected  on  its  deep 
surface  by  a  dense  areolar  web  with  the  obturator  and  anal  fasciae,  thus  closing 
in  the  ischio-rectal  fossa  in  front. 

By  inserting  the  point  of  a  blowpipe  under  this  fascia. at  one  side  it  is  possible  to  inflate 
the  subfascial  region,  and  to  blow  air  from  hence  forwards  into  the  scrotum  and  root  of  the 
penis,  but  not  into  the  ischio-rectal  fossa.  Divide  this  fascia  along  each  side  of  the  middle 
line  and  along  its  posterior  border.  On  reflecting  the  flaps  outwards  three  muscles  are 
exposed  on  each  side  bounding  an  intermuscular  triangle,  wherein  run  the  superficial 
perineal  vessels  and  nerves. 

224.  ISCHIO-CAVERNOSUS  or  erector  penis  (figs.  477,  J  j  478,  6),  the 
outermost    muscle,    arises    from    the   lower   and    inner    border   of   the    tuber 
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cavernosum  as  far  back  as  the  front  of  the  tuber  ischii.  Its  fibres  form  a  thin 
lamella,  passing  obliquely  forwards  on  the  inner  and  under  side  of  the  corpus 
cavernosum  penis  (tig.  478,  2),  into  the  capsule  of  which  they  are  inserted  by 
short  tendinous  fibres. 

The  inner  and  outer  fascicles  are  sometimes  separate  at  their  insertion,  and  one  of  the 
latter  slips  sometimes,  though  rarely,  passes  outside  and  above  the  corpus  cavernosum  to  be 
attached  to  the  true  suspensory  ligament  of  the  penis  (Houston's  compressor  vence  dorsalis 
penis).  The  fascicles  of  this  muscle  are  short,  and  supplied  by  the  deep  perineal  nerve. 
They  depress  and  compress  the  crus  penis. 

BulbO-CavernosUS,  or  accelerator  urinse  (figs.  477,  B;  478,  5),  is  composed 
of  two  symmetrical  halves,  medially  united  by  a  sagittal  tendinous  raphe,  from 
which  the  fibres  of  each  side  arise,  and  whose  hindmost  point  constitutes  the 
central  perineal  point  (fig.  478,  16).  From  this  origin  its  fibres  pass  obliquely 
upwards  and  forwards  on  each  side,  enveloping  the  bulb  and  hinder  part  of 
the  corpus  spongiosum  of  the  urethra,  the  foremost  fibres  leaving  a  V-shaped 
space  between  them  as  they  diverge.  It  is  inserted  (1)  into  a  tendinous 
lamella  which  overlies  the  corpus  spongiosum  in  front  of  the  bulb,  (2)  into  the 
triangular  ligament  on  each  side  of  the  bulb  by  its  hindmost  fibres,  and  (3)  by 
its  foremost  fibres  into  the  under  and  outer  side  of  the  corpora  cavernosa 
penis. 

The  fibres  of  the  first  set  are  often  distinct  from  the  others.  Not  uncommonly  a  band  of 
this  part  of  the  muscle  is  inserted  into  an  expansion,  which  covers  the  dorsal  surface  of  the 
penis  below  the  pubes  (compressor  vence  dorsalis  penis  of  Kobelt). 

The  muscle  is  supplied  by  the  deep  perineal  nerve,  and  is  a  compressor  of  the  bulb  of  the 
urethra.    Its  hindmost  fibres  are  continuous  with  the  outer  fibres  of  the  superficial  sphincter  ani. 

TransveFSUS  perinei,  variable,  and  seldom  present  in  its  diagrammatic 
form  (figs.  477,  Ts ;  478,  7),  arises  behind  and  above  the  ischio-cavernosus 
from  the  ramus  of  the  ischium,  and  is  inserted  into  the  base  of  the  bulbo- 
cavernosus  and  into  the  central  perineal  point.  It .  forms  the  base  of  the 
intermuscular  triangle,  and  is  crossed  by  the  long  perineal  artery  and  the 
perineal  nerves,  and  is  accompanied  inwards  by  the  ti^ansverse  perineal  artery 
to  supply  the  parts  which  cover  the  bulb. 

Remove  the  ischio-  and  bulbo-cavernosus  muscles  and  thereby  expose  the  bases  of  the 
erectile  elements  of  the  penis,  the  white-coated  corpora  cavernosa  at  each  side,  and  the  dark 
and  vascular  bulb  of  the  corpus  spongiosum  medially,  with  the  triangular  ligament  appearing 
between  them.     A  deep  slip  of  the  transversus  inserted  into  the  bulb  is  the  ischio-bulbosus. 

To  see  the  ligament  more  clearly  remove  the  transversus  perinei  without  injuring  the 
long  perineal  vessels  and  nerves  which  ci'oss  it,  define  the  edge  of  the  bulb  as  it  lies  in 
front  of  this  membrane,  and  detach  one  corpus  cavernosum  from  its  bony  attachment  and 
reflect  it  forwards.  In  doing  so  the  artery  of  the'cut  corpus  cavernosum  is  divided  as  it 
pierces  through  the  triangular  ligament  to  enter  the  erectile  tissue. 

225.  THE  ANTERIOR  LAYER  OF  THE  TRIANGULAR  LIGAMENT 

consists  of  transverse  bundles  of  white  fibrous  tissue  (fig.  478,  11)  laterally 
attached  to  the  rami  of  the  ischium  and  pubis,  between  which  it  closes  the 
pelvic  aperture  anteriorly  and  below,  and  so  separates  the  perineal  from 
the  intrapelvic  muscles.  Anteriorly  it  is  lost  on  the  front  of  the  sub-pubic 
ligament,  and  in  its  present  condition  in  the  dissection  it  appears  posteriorly 
to  have  a  doubly  crescentic  base  behind  (ib.,  9),  each  concavity  starting  from 
the  central  tendinous  point.  This  line  is  artificial  and  was  made  by  the 
dissecting  away  of  the  deep  fascia,  which  here  turned  round  the  edge  of  the 
transversus  perinei  and  was  reflected.  This  anterior  layer  of  the  triangular 
ligament  is  the  upward  and  forward  specialised  extension  of  Colles's  fascia. 

The  continuity  of  the  deep  perineal  fascia  and  the  base  of  the  anterior  layer  of  the 
triangular  ligament  is  of  sm-gical  importance,  as  thereby  extravasated  urine  from  a  ruptured 
urethra  is  pi'evented  from  infiltrating  the  ischio-rectal  fossa,  and  its  course  is  directed 
forwards  towards  the  scrotum  and  root  of  the  penis. 
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Directly  below  the  sub-pubic  ligament  the  dorsal  vein  of  the  penis  pierces 
the  apex  of  this  membrane  medially  to  enter  the  pelvis.  On  each  side  of  this 
the  terminal  branch  of  the  pudic  artery  (dorsal  artery  of  the  penis)  pierces  it  to 
pass  forwards  on  the  penis.  The  urethra  pierces  it  in  the  middle  line  an  inch 
below  the  pubis,  and  carries  a  sheath  of  the  membrane  along  with  it  forwards. 
On  each  side  of  the  urethral  orifice  is  the  opening  for  the  artery  of  the  bulb 
which  here  enters  the  corpus  spongiosum;  farther  forward,  and  close  to  the 
pubic  ramus  is  the  hole  for  the  artery  of  the  corpus  cavernosum  (fig.  480). 

Remove  now  the  staff  from  the  urethra,  and  having  divided  the  triangular  ligament 
vertically  on  one  side  of  the  median  line,  dissect  it  off  the  underlying  parts,  leaving  the 
urethra  in  situ,  at  the  same  time  slit  backwards  the  sheath  of  the  obturator  fascia  wherein 
the  pudic  artery  is  enclosed  so  as  to  expose  this  vessel  on  the  outer  wall  of  the  ischio-rectal 
fossa. 


ii. 


fO 


It 


Fig.  479. — Dissection  of  the  perineum,  showing  the  vessels  and  nerves  on  the  left,  the  muscles 
on  the  right  — 1,  coccyx;  2,  tuber  ischii;  3,  great  sciatic  ligament;  4,  superficial 
sphincter;  5,  levator  ani;  6,  ischio-bulbosus ;  7,  ischio-cavemosus ;  8,  bulbo-cavernosus ; 
9,  pudic  artery,  third  stage;  10,  ibid.,  fourth  stage;  n,  pudic  nerve. 

226.  THE  PUDIC  ARTERY  (§§  222,  287)  runs  between  two  veins,  either  of 
which  is  larger  than  itself,  and  is  accompanied  by  the  pudic  nerve  above,  and  by 
the  perineal  nerve  below.  On  the  outer  wall  of  the  ischio-rectal  fossa  it  has 
given  off  the  anal  arteries,  and  as  it  is  about  to  pass  between  the  layers  of  the 

triangular  ligament  it  gives  off  transverse  and  long-  or  superficial  peri- 

dorsal  vein  of  penis. 
dorsal  arteries, 
artery  of  corpus 

cavernosa  >u. 
artery  of  bulb, 
duct  of  Cowper's 

gland, 
central  perineal  2X>int. 

Fig.  480.  —  Diagram  of  the  perineal  face  of  the  triangular  ligament. 

neal  branches.  The  former  runs  inwards  towards  the  middle  line  over  the 
transverse  perineal  muscle,  but  only  communicates  with  its  fellow  by  minute 
branches.  The  latter  pierces  the  reflected  edge  of  the  deep  perineal  fascia 
where  it  joins  the  base  of  the  anterior  layer  of  the  triangular  ligament,  and 
crosses  the  transverse  perineal  muscle,  passing  forwards  in  the  intermuscular 


membranous 
portion  of 
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triangle,  at  the  apex  of  which  it  enters  the  septum  scroti,  wherein  it  terminates 
by  anastomosing  with  the  pubic  branches  of  the  femoral  artery  (§  343).  The 
pudic,  having  passed  beneath  the  anterior  layer  of  the  triangular  ligament,  gives 
off  the  artery  Of  the  bulb,  a  large  branch  which  pierces  the  ligament  beside 
the  urethra  to  supply  the  erectile  tissue  of  the  bulb  and  the  neighbouring  part 
of  the  corpus  spongiosum,  before  entering  which  it  sends  a  small  branch  back- 
wards  to    Cowper's   gland.       Farther   forwai'd    the   pudic   gives    off    a    small 

urethral  branch  to  the  corpus  spongiosum,  the  artery  to  the  corpus 
eavernosum,  and  ends  as  the  dorsal  artery  of  the  penis. 


Fig.  481. — Diagram  of  the  course  and  branches  of  the  pudic  artery. 

The  outer  pudic  vein  begins  by  a  branch  from  the  corpus  eavernosum,  the 
inner  by  one  from  the  bulb,  and  they  receive  the  transverse  and  long  perineal 
veins  and  the  anal  veins  as  they  enter  the  canal  (Alcock's)  in  the  obturator  fascia. 

227.  THE  PUDIC  NERVE  (§  328),  at  the  hinder  part  of  the  fascial  canal, 
divides  into  three  branches,  an  anal,  already  seen  crossing  the  ischio-rectal 
fossa ;  a  perineal,  which  lies  below  the  artery  and  separated  from  it  by  a 
thin  fascial  septum.  This  branch  divides,  at  the  anterior  part  of  the  fossa 
into  three  branches,  two  superficial  and  one  deep  (fig.  482).  The  posterior 
superficial  passes  outwards  in  the  superficial  fascia  to  run  parallel  to  and 
communicate  with  the  long  pudendal  nerve,  with  which  it  is  distributed  to 
the  scrotal  skin ;  the  anterior  superficial  passes  inwards  on  each  side  of  the 
middle  line  over  the  deep  perineal  fascia,  to  be  distributed  to  the  inner 
and  back  part  of  the  scrotum  (fig.  474).  The  deep  perineal  nerve  pierces  the 
base  of  the  triangular  ligament  beneath  the  transverse  perineal  muscle,  and  is 
distributed  to  the  three  muscles.  A  distinct  urethral  branch  accompanies 
the  artery  of  the  bulb,  to  end  in  the  mucous  membrane  of  the  urethra. 

The  continued  trunk  of  the  pudic  nerve  accompanies  the  artery  lying  to  its 
outer  side,  and  having  pierced  the  apex  of  the  anterior  layer  of  the  triangular 
ligament  external  to  the  dorsal  artery  of  the  penis,  it  becomes  the  dorsal  nerve 
of  that  organ  (§  236). 

228.  COWPER'S  GLAND  (fig.  478,  14),  which  lies  embedded  in  the 
muscular  tissue  posterior  to  the  artery  of  the  bulb  and  under  cover  of  the 
triangular  ligament,  is  a  lobulated  pea-like  body  about  4  mm.  long,  recognised 
in  a  fresh  body  by  its  lighter  colour,  and  placed  about  6  mm.  from  the  middle 
line  on  a  plane  behind  the  urethra.  It  is  made  up  of  large  acini  with  wide 
lumina,  invested  by  a  fine  connective  capsule,  and  with  much  involuntary 
muscular  tissue  in  its  parenchyma  (fig.  483).  Its  duct  is  a  fine  white  tube  about 
4  cm.  long,  which  passes  through  the  tissue  of  the  bulb,  and  having  run  for  a  short 
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distance  beneath  the  mucous  membrane,  opens  into  the  anterior  part  of  the 
bulb  of  the  urethra.     This  gland  becomes  indistinct  in  bodies  of  advanced  age. 
Urethral    Muscle. — On   a  plane    deeper  than  the    pudic  artery  and  its 
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Fig.  482.  — Diagram  of  course  and  branches  of  pudic 
nerve. 


branches  lies  a  layer  of  mus- 
cular fibres  (fig.  478,  12) 
attached  laterally  by  a  usually 
narrow  origin  to  the  edge  of 
the  pubic  ramus,  and  inserted 
medially  into  the  wall  of  the 
urethra,  some  fibres  passing 
in  front  and  some  behind 
that  canal  into  the  central 
perineal  point. 

The  transverse  fibres  of  this 
series  are  sometimes  needlessly 
separated  from  the  others,  and  to 
them  specially  is  applied  the  name 

compressor  urethrse  or  Guth- 
rie's muscles.  The  oblique  fibres 
which,  arising  highest  are  inserted 
lowest,  are  called  the  levatores 
urethras,  or  Wilson's  muscles, 
while  the  posterior  transverse  set 
are  called  isehiO-bulbOSUS,  or 
transversus  profundus  perinei  (ib., 
13,  see  p.  358). 

At  this  stage  the  student  should 
review  the  boundaries  of  the  peri- 
neal space  and  should  observe  the  relations  of  the  pudic  artery  and  the  artery  of  the  bulb 
to  the  rectum  and  urethra.  In  the  operation  of  lateral  lithotomy  the  urethra  has  to  be  opened 
behind  the  bulb  and  its  artery,  consecpiently  it  is  of  vital  importance  that  their  relations 
should  be  remembered.  The  adventitious  coat  of  the  artery  of  the  bulb  is  united  by  a  close 
web  of  fibres  to  the  triangular  ligament ;  so,  if  the  artery  be  cut,  it  is  held  open,  and  its 
bleeding  is  apt  to  be  troublesome.  The  surgeon's  knife  enters  the  base  of  the  intermuscular 
triangle  in  the  second  incisiou  in  lithotomy,  and  divides  the  transversus  perinei  muscle  and 
artery  and  the  base  of  the  triangular  ligament. 

The  dissection  having  been  carried  thus  far,  by  raising 
the  compressor  uretkree  muscles,  the  inferior  surface  of  the 
sub-pubic  fascia,  or  deep  layer  of  the  triangular  ligament, 
is  brought  into  view.  This  structure  posteriorly  has  become 
united  to  the  base  of  the  anterior  layer  of  the  ligament  with 
which  it  is  partially  in  contact ;  and  the  pudic  vessels  and 
nerves,  Cowper's  glands,  the  compressores  urethrce,  and 
the  urethra  itself  are  spoken  of  as  between  the  layers  of 
the  ligament.  Careful  dissection  demonstrates  that  the 
anterior  layer  of  the  triangular  ligament,  as  above  described, 
is  a  part  of  the  extra-pelvic  system  of  fascia?,  while  the 
sub-pubic  fascia  is  a  much  more  indeterminate  structure, 
whose  appearance  and  attachments  can  be  made  to  vary  by 
the  scalpel  of  the  dissector  according  to  his  preconceived 
notions.  As  far  as  it  is  a  genuine  lamella  it  is  always 
continuous  laterally  with  the  fascia  which  covers  the  out- 
side of  the  levator  ani,  i.e. ,  the  inner  wall  of  the  ischio-rectal  fossa,  and  is  through  it  continuous 
with  the  obturator  fascia  (§  302).  In  the  middle  line,  however,  it  participates  in  the  genera 
median  fusion  of  structures,  and  can  only  be  separated  artificially. 

This  deeper  layer  and  the  urethra  can  be  examined  with  greater  advantage  at  a  later 
stage  in  connection  with  the  pelvic  viscera  (§  302). 

229.  LEVATOR  ANI.— The  lower  surface  of  this  muscle  should  now  be 
cleaned  and  exposed  (fig.  477).  It  forms  a  boundary  for  the  lower  outlet  of  the 
pelvis,  and  can  be  seen  arising  from  the  posterior  surface  of  the  inferior  ramus 
of  the  pubis  opposite  the  lower  third  of  the  symphysis,  and  from  the  white  line 
on  the  fascia,  which  stretches  backwards  from  thence  to  the  spine  of  the  ischium 
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along  the  upper  angle  of  the  ischio-rectal  fossa.  Its  fibres  pass  backwards  and 
inwards,  converging  towards  those  of  the  opposite  side,  and  are  inserted  by  a 
very  few  of  the  foremost  fibres  around  the  anterior  extremity  of  the  prostate, 
by  a  small  number  of  the  middle  fibres  into  the  border  of  the  rectum  between 
the  superficial  and  the  deep  sphincter ;  but  the  largest  number  of  the  fascicles 
pass  backwards  on  each  side  of  the  anus  to  be  inserted  behind  it  into  the  ano- 
coccygeal raphe  and  into  the  side  of  the  coccyx.  The  fibres  which  arise  from 
the  ischiatic  spine,  and  which  pass  to  the  coccyx  on  the  ventral  side  of  the 
lesser  sciatic  ligament,  are  separable  from  the  rest  of  the  muscle  and  are  called 

eoceygeus. 

The  levator  ani  is  primarily  a  pubo-ischiatic  depressor  of  the  tail,  but  the  atrophy  of  this 
organ  and  the  enlargement  of  the  pelvic  outlet  in  man  have  modified  the  muscle.  Its  hinder 
ischiatic  part,  attached  to  the  rudimentary  caudal  vertebras,  has  become  coccygeus;  its  ischio- 
fascial  portion,  which  is  inserted  post-anally  into  the  raphe  by  the  approximation  of  its 
ventral  border  to  that  of  its  fellow,  forms  a  diaphragm  for  the  pelvic  outlet ;  while  the 
smaller,  specialised  pubo-anal  and  pubo-prostatic  ribres  respectively  can  elevate  the  anus 
and  prostate.  It  is  supplied  on  its  outer  surface  by  branches  from  the  third  and  fourth 
sacral  nerves.  On  its  outer  surface  it  is  covered  by  the  anal  fascia,  a  lamina  derived  from 
the  inner  side  of  the  obturator  fascia,  while  on  its  inner  it  is  invested  by  pelvic  fascia, 
as  will  be  subsequently  seen.  The  ischio-rectal  fossa  is  now  to  be  filled  with  cotton  wadding 
soaked  in  spirit,  and  the  flaps  of  skin  are  to  be  replaced  and  sewn  over  them.  The  body 
is  then  to  be  put  down  from  the  perineal  frame  and  placed  on  its  face  for  further  dissection. 

230.  THE  FEMALE  PERINEUM.— The  inferior  exit-region  of  the  pelvis 
in  the  female  is  divisible  into  three  regions — 

(1)  The  Anal. — This  in  most  respects  resembles  the  male  anal  region.  The 
orifice  is  placed  a  little  farther  back,  the  ischia  are  more  everted,  and  the 
ischio-rectal  fossse  are  shallower  and  widei\ 


Fig.  484.  —  Sagittal  section  of  female  perineum — R,  rectum. 

_  Otherwise  the  anatomy  of  this  region  corresponds  with  that  in  the  male.  In  dissecting 
this  region  divide  the  skin  from  the  coccyx  forwards  in  the  middle  line  and  on  each  side  of 
the  anal  margin  to  its  anterior  border.  Make  also  on  each  side  two  transverse  incisions, 'one 
from  the  coccyx  and  the  other  from  the  front  of  the  anus  outwards  to  a  little  beyond  the 
tubera  ischii.     Proceed  with  the  deeper  dissection  as  hi  the  male. 

(2)  In  front  of  the  anus  is  a  narrow  transverse  bridge  of  skin  to  which  the 
name  perineum  is  restricted  by  obstetricians.  This  is  marked  medially  by  a 
raphe,  and  the  integument  is  tied  down  to  a  firm  underlying  connective  tissue 

mass,  the  perineal  body  (fig.  484,  S). 

(3)  Still  farther  forward  is  the  rima  urogenitalis,  margined  by  the  two 
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labia  majOFa,  which  are  homologous  to  the  two  halves  of  the  scrotum, 
remaining  persistently  cleft  along  the  raphe  instead  of  uniting  as  they  do  in 
the  male.  Each  of  these  begins  as  a  thin  fold  behind,  where  it  joins  its  fellow 
at  the  anterior  edge  of  the  perineum  (posterior  commissure — ib.,  Na)  and 
thickens  forwards  to  where  it  again  joins  its  fellow  beneath  the  pubes  in  the  more 
rounded  anterior  commissure.  The  skin  of  the  labium  is  externally  like 
that  of  the  scrotum,  provided  with  hairs  and  large  sebaceous  glands  ;  internally 
is  smooth,  hairless,  and  moist,  marked  by  the  openings  of  sebaceous  glands  whose 
secretion  contains  compounds  of  butyric  acid.  In  the  ordinary  upright  position 
the  rima  urogenitalis  is  neai'ly  horizontal. 

Within  the  labia  majora  are  two  thinner  folds,  the  labia  minora  (fig- 
484,  N).  These  begin  on  the  inner  surface  of  the  former  about  midway  be- 
tween the  commissures  and  become  more  prominent  as  they  continue  forwards, 
bifurcating  as  they  unite  medially  beneath 
the  anterior  commissure.  The  upper  larger 
division  of  each  passes  above  the  clitoris  and 
there  joins  its  fellow  to  form  a  fold  overhang- 
ing that  organ,  the  preputium  elitoridis 

{ib.,  Pc),  the  lower  smaller  division  passing 
beneath  the  clitoris  to  the  under  side  of 
which  the  two  united  inferior  folds  of  the 
two  sides  are  attached,  forming  the  frenu- 
lum elitoridis.  These  labia  correspond  to 
the  integument  of  the  penis  and  prepuce  in 
the  male.  The  outer  layer  of  these  folds  is 
modified  skin,  the  inner  is  also  skin  nearly 
assimilated  to  mucous  membrane,  but  the 
true  mucous  membrane  begins  at  the  inner 
side  of  the  base  of  the  labia  minora.  By  draw- 
ing these  folds  aside  the  clitoris  (fig.  486,  CI ) 
can  be  seen.  It  is  the  homologue  of  the 
penis  and  consists  of  similar  parts,  but  with 
an  imperforate  glans.  Beneath  the  frenulum 
elitoridis  in  front,  and  the  labia  minora  on 
each  side,  and  the  beginning  of  the  vagina 
below,  there  is  a  triangular  smooth  space, 
the  vestibulum,  27  cm.  below  whose  apex 
is  the  round  oi'ifice  of  the  urethra  (ib.,  Ou). 
The  student  should  practise  the  passage  of 
the  catheter  so  as  to  be  able  to  find  the 
urethra  without  exposure.  Within  the  rima, 
about  1  cm.  in  front  of  the  posterior  commissure,  is  a  slight  transverse  fold 
of  the  lining  membrane,  the  frenulum  pudendi,  the  depression  between 
which  and  the  posterior  commissure  is  called  the  fossa  navicularis  (fig.  484,  Fn). 
The  external  orifice  of  the  vagina  is  a  vertical  slit  somewhat  elliptical  when 
expanded,  and  is  in  the  young  subject  narrowed  by  a  thin  lip-like  fold,  the 
hymen  (fig.  484,  H),  very  variable  in  form  and  development,  projecting  from 
its  posterior  and  lateral  margins,  whose  concave  edge  looks  forwards  and 
upwards.  After  its  rupture  its  torn  remnants  form  small  rough  tubercles 
(Carunculse  myrtiformes),  which  ultimately  disappear  in  the  multipara. 

The  inner  margins  of  the  labia  majora  should  he  sewed  together,  and  the  skin  should  be 
divided  along  the  edge  of  the  rima  and  from  the  anterior  commissure  outwards.  Reflect 
outwards  this  flap  for  about  10  cm.  Above  the  anterior  commissure  the  pubic  hair-clad 
integument  is  raised  on  a  thick  fatty  mass  of  superficial  fascia,  and  makes  an  eminence,  the 
mons  Veneris.     The  superficial  fascia  is  like  that  in  the  male,  but  has  only  a  very  little 


[.  485. — Coronal   section  above  fe- 
male perineum — L,  levator  ani. 
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involuntary  muscle  and  so  does  not  make  a  continuous  dartos  layer  ;  along  the  margin  of  the 
labia  it  becomes  united  to  the  deep  fascia,  which  is,  however,  very  feebly  developed, 
covering  the  perineal  muscles.  Tracing  the  superficial  fascia  towards  the  abdomen  on 
each  side,  the  end  of  the  round  ligament  of  the  uterus  can  be  found,  around  which  is  a 
prolongation  of  the  deep  fascia  of  the  abdomen  which  may  be  dilated  into  a  pouch,  the 
VUlvo-serotal  sac.  The  long  pudendal  nerve  is  distributed  in  the  superficial  fascia  of  the 
labium,  together  with  the  terminal  filaments  of  the  anterior  superficial  perineal  nerve  and  the 
branches  of  the  long  perineal  artery,  and  posteriorly  in  the  perineum  the  transverse  perineal 
artery,  which  can  be  shown  in  their  continuity  by  reflecting  outwards  the  skin  from  the  true 
perineum. 

Remove  the  weak  deep  fascia  and  the  following  muscles  are  exposed  on 
each  side  : — 

(1)  TranSVerSUS  perinei  (fig.  486,  Tps),  very  feeble  and  usually  divided 

into  several  fasciculi, 
which  pass  as  in  the  male 
from  the  ischium  inwards 
behind  the  posterior  com- 
missure to  the  central 
perineal  point. 

(2)  Ischio-eaver- 

nOSUS,  similar  to,  but 
much  smaller  than  the 
corresponding  muscle  of 
the  male,  and  sheathing 
the  corpus  cavernosum 
clitoridis  (ib.,  Ic  and  Ic1). 

(3)  Sphincter  vag- 
inae (ib.,  Be1,  Be2,'  Be3), 
consisting  of  fibi-es  arising 
from  the  centre  perineal 
point  behind  the  vagina, 
and  iisually  connected 
with  the  deep  fibres  of 
the  superficial  sphincter 
ani.  The  fibres  pass  on 
each  side  of  the  vaginal 
orifice  to  unite  in  front 
by  being  attached  to  the 
sides  of  the  corpora  caver- 
nosa clitoridis,  and  to  the 
submucous  tissue  of  the 
vestibulum.  This  corres- 
ponds to  the  bulbo-caver- 
nosus  of  the  male,  and 
overlies  on  each  side  an 

erectile  mass  corresponding  to  the  urethral  bulb.  If  in  the  male  the  urethra 
be  laid  open  from  the  orifice  to  the  bulb,  the  comparison  of  the  different  parts 
with  those  in  the  female  will  be  facilitated. 

These  three  muscles  bound  a  triangle  as  in  the  male,  but  one  of  much  smaller 
size.  They  should  be  removed  to  see  the  erectile  tissues  underlying,  which  are 
(1)  the  vaginal  bulbs  (fig.  486,  Ccu)  and  (2)  the  corpora  cavernosa  (ib.,  Ccc). 
The  vaginal  bulbs  are  two  oblong  masses,  invested  by  a  fine  fibrous  en- 
velope on  each  side  of  the  opening  of  the  vagina  and  vestibule.  They  are 
narrow  and  medially  coalescent  anteriorly,  in  front  of  the  urethra,  wide  and 
divergent  behind ;  convex  externally  and  covered  by  the  sphincter  vagince, 
concave  internally  and  lined   by  the  mucous  membrane  of  the  vagina.     The 


Fig.  486. — Muscles  of  female  perineum. 
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anterior,  pre-urethral  part  (pars  intermedia)  contains  a  large  venous  plexus, 
and  is  continued  upwards  into  the  angle  between  the  crura  clitoridis  and 
thence  into  the  glans  which  is  its  anterior  extremity,  and  which  structurally 
resembles  that  of  the  penis. 

The  corpora  cavernosa  on  each  side  resemble  on  a  small  scale  those  of 


Fig.  487. — Diagram  of  development  of  external  structures  of  perineum — s,  rudimental  tail; 
77/.,  formation  of  vulva  in  female;  IV.,  closure  of  urethra  in  male;  for  V.,  VI.,  see  §  245. 

the  penis,  and  the  suspensory  ligaments  and  dorsal  vessels  are  also  similar  but 
diminutive. 

When  the  corpus  cavernosum  clitoridis  is  detached  from  the  tuber  caver- 
nosum,  a  deeply  placed  triangular  ligament  (ib.,  Tpp)  is  brought  into  view 
attached  laterally  to  the  ischio-pubic  ramus,  medially  to  the  vaginal  wall  behind 
the  bulbus  vaginae,  above  to  the  sub-pubic  ligament,  behind  to  the  deep  perineal 
fascia  and  to  the  perineal  body.  The  ligament  is  much  weaker,  but  nuich  wider 
than  that  in  the  male,  and  is  pierced  by  comparable  parts.  The  orifices  of  the 
urethra  and  the  vagina  in  the  triangular  ligament  can  be  seen,  on  the  removal 
of  the  bulb,  to  be  separated  by  a  very  narrow  shred  of  fibrous  tissue.  It  has 
behind  it  the  pudic  and  perineal  nerves  and  the  pudic  vessels.  The  attachment 
of  the  base  of  this  layer  to  that  of  the  contiguous  portion  of  pelvic  fascia 
(§  3°2)>  or  the  deep  layer  of  the  triangular  ligament,  is  closer  than  in  the  male. 


W 


Fig.  488. — Diagram  of  vertical  section  through  lower  end  of  embryo,  showing  the  process  of 
differentiation  of  the  cloaca — A,  before  the  communication  with  the  proctodeum  to  form 
a  cloaca,  CL.     The  central  figures  are  the  male  and  female  modifications. 

Above  this  union  lie  two  yellowish,  racemose,  acinous  glands,  resembling,  but 
mvich  larger  than,  Cowper's,  and  called  the  glands  of  Bartholin  (ib.,  Cw). 
Each  is  about  1  cm.  long  and  7  mm.  broad,  and  they  lie  on  the  upper  and 
anterior  surface  of  the  vagina,  closely  connected  to  its  mucous  membrane  and 
beneath  the  sphincter  vagina?.  The  ducts  (ib.,  Cw1)  are  2  cm.  long,  pass 
obliquely  forwards,  and  open  immediately  external  to  the  hymen  at  the  mid- 
point of  the  lateral  wall  of  the  vaginal  orifice,  close  to  the  largest  of  the 
carunculse  myrtiformes  and  within  the  labium  minus. 

The  labia  minora  are  large  and  project  beyond  the  labia  majora  in  the  fcetus  and  in  the 
African  adult.     The  hymen  is  somewhat  tubular  in  the  fcetus  and  child,  and  may  even  close 
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the  orifice  of  the  vagina.  It  may  be  crescentic,  with  two  cornua,  hippocrepian,  cribriform, 
annular,  fimbriated,  bilabiate,  irregular,  band-like,  cordate,  projecting,  notched,  papillose,  or 
even  imperforate. 

The  perineal  body  (fig.  484,  S)  is  a  not  very  well  defined  pyramid  of  tough  elastic  con- 
nective tissue,  about  3  cm.  high  by  4  cm.  broad,  which  deflects  the  anus  backwards  and  forms 
the  central  mass  of  the  perineum,  strengthening  the  hinder  commissure  of  the  labia,  and 
preventing  the  rectum  from  projecting  towards  the  vagina. 

The  rima  has  its  long  axis  sagittally  placed,  while  the  long  axis  of  the  section  of  the 
vagina  is  coronal.    The  transitional  stage  of  section  is  H-like,  within  the  labia  minora  (fig.  485). 

231.  DEVELOPMENT. — The  structures  which  form  the  perineum  have  originated  from 
the  margins  of  the  hinder  fcetal  orifice  or  proctodseum  (§  14),  with  which  the  hinder  end  of 
the  intestines,  the  allantoic  stalk,  the  ureter,  the  Wolffian  and  Mullerian  ducts  communicate, 
forming  a  common  cloaca  (fig.  488,  B,  CL).  Around  the  mouth  of  the  cloaca  there  forms  a 
prominent  marginal  lip,  and  at  its  front  end  a  genital  tubercle  (fig.  487,  h)  begins  to 
project  at  the  sixth  week,  grooved  underneath  by  the  foremost  part  of  the  cloacal  cavity  (r). 
On  each  side  of  this  groove-like  part  there  forms  a  genital  fold  (ib.,  w),  which  passes 
backward  within  the  cloacal  lip.  Near  the  back  of  the  cloacal  edge  a  prominent  perineal 
tubercle  arises  from  the  floor  of  the  cavity  on  each  side  of  the  anus,  and  closes  over 
transversely,  forming  the  perineum,  separating  the  sinus  urogenitalis  from  the  anus  (fig. 
488,  S,  R).  The  parts  of  the  cloacal  lips  in  front  of  this  become  the  labia  majora ;  the 
sinus  urogenitalis  remains  shallow,  as  the  vestibule,  and  the  genital  folds  become  the  labia 
minora.  In  the  male  the  urogenital  canal  closes  by  the  superficial  approximation  and  union 
of  the  genital  folds  closing  on  the  urethra  as  far  as  the  front  end  of  the  glans,  and  by  the 
fusion  of  the  labia  majora  or  cloacal  lips  behind  it  to  form  the  scrotum.  In  anomalous  states 
the  male  urethra  remains  open  at  the  raphe\  making  the  deformity  called  hypospadias. 
The  erectile  tissues  of  the  corpora  cavernosa  are  developments  in  the  connective  tissue  layers 
of  the  cloacal  lip ;  those  of  the  corpus  spongiosum  in  the  tissues  of  the  vestibule  (p.  363). 
Both  are  primarily  bilaterally  symmetrical,  although  from  the  fusion  of  the  latter  in  the 
male  the  bulb  and  corpus  spongiosum  appear  externally  as  if  they  were  single  and  median. 
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232.  SURFACE  MARKINGS.— The  abdominal  wall  extends  from  the 
lower  edge  of  the  ribs,  which  bound  it  above,  to  the  crest  of  the  ilium,  fold  of 
the  groin,  and  pubes,  below.  Its  superficial  appearances  vary  with  age, 
muscularity,  and  fatness.  In  a  strong  male  the  surface  is  irregular,  the  fleshy 
parts  of  the  muscles  standing  out  in  relief,  while  the  tendinous  lines  are 
marked  as  depressions. 

In  the  middle  line,  on  the  level  of  the  intervertebral  disc  between  the 
third  and  fourth  lumbar  vertebrae,  is  the  wrinkled  cicatrix  of  the  umbilicus, 
which  in  the  foetus  was  the  opening  through  which  the  umbilical  vessels  passed. 

The  umbilicus  at  birth  is  a  little  below  the  mid-point  of  the  stature ;  at  two  years  it  is  at 
the  mid-point ;  but  after  thirty  months  it  becomes  well  above  the  mid-point  of  the  body, 
which  in  the  average  adult  man  is  1  cm.  below  the  crest  of  the  pubes,  in  the  adult  woman  is 
1  "5  cm.  above  the  pubes. 

The  median  abdominal  furrow  extends  from  the  umbilicus  up  to  the  sternum 
and  downwards  halfway  to  the  pubis.  On  each  side  of  this  the  rectus  abdominis 
muscle  bulges,  and  outside  this  is  a  second  groove,  the  lateral  abdominal  furroto, 
which  descends  for  the  tenth  costal  cartilage,  where  it  widens  into  a  sort  of 
shallow  triangular  fossa.  When  the  body  is  bent  forwards  during  life 
transverse  folds  divide  the  ridge  formed  by  the  rectus  muscle.  One  of  these 
transverse  lines  is  at  the  umbilicus,  one  midway  between  it  and  the  eighth  rib 
cartilage,  and  one  at  that  cartilage ;  these  correspond  to  tendinous  intersections 
in  the  muscle,  and  are  very  conspicuous  on  the  abdomen  of  an  athlete.  When 
there  is  much  subcutaneous  fat  the  skin  usually  presents  two  transverse  folds  on 
flexion,  one  at  the  umbilicus  and  one  below  it ;  where  the  latter  crosses  the 
median  line  is  the  point  at  which  the  trocar  is  entered  to  tap  the  bladder. 

The  ensiform  cartilage  can  be  felt  above,  deeply  placed  behind  the  seventh 
rib  cartilages,  and  from  this  downwards  and  outwards  the  borders  of  the 
successive  ribs  can  be  felt.  In  a  thin  person  during  inspiration  the  zig-zag  line 
of  the  indigitations  of  the  serratus  magnus  and  external  oblique  can  be  seen  on  the 
surfaces  of  the  ribs  (fig.  371,  8-9).  The  abdominal  wall  is  narrowest  at  the 
waist,  which  is  naturally  placed  below  the  tenth  rib,  from  whence  it  expands 
downwards  to  the  iliac  crest.  At  the  inner  part  of  the  fold  of  the  groin  the 
spermatic  cord  can  be  felt  in  the  wall  as  an  oblique,  rounded  ridge,  extending 
obliquely  downwards  into  the  scrotum  on  each  side  of  the  root  of  the  penis;  and 
if  the  skin  be  pushed  upwards  and  outwards  along  it,  the  tip  of  the  finger  can 
be  projected  into  the  superficial  abdominal  ring,  where  the  abdominal  wall  is 
weakest,  immediately  above  and  external  to  the  spine  of  the  pubes,  which  is 
here  palpable.  In  the  median  line  over  the  pubes  is  a  convex  hair-clad  eminence, 
the  mons  pubis,  below  which  is  the  root  of  the  penis. 

The  abdominal  skin  is  sensitive,  especially  above ;  beset  with  hairs  directed  downwards 
and  inwards,  which  are  stronger  medially  and  below  than  laterally,  and  in  the  female  only 
developed  on  the  pubes.  These  are  about  18  to  the  sq.  cm.  Sebaceous  glands  are  small  and 
scattered,  except  on  the  pubes,  and  sudoriparous  glands  are  few,  about  112  to  the  sq.  cm. 
After  distension  from  pregnancy  or  fat  the  skin  presents  depressed  white  marks,  strive, 
gravidarum,  from  which  papilla?  and  hair  follicles  are  absent.     In  colour,  the  skin  is  darker 
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in  the  middle  line  and  below,  especially  on  the  scrotum.  A  dark  line  marks  the  lower  part 
of  the  anterior  abdominal  furrow  during  pregnancy.  The  skin  is  also  dark  on  the  body  of 
the  penis  and  loosely  connected  to  the  underlying  parts,  being  prolonged  anteriorly  into  a 
duplicature,  the  foreskin  or  prepuce,  sheathing  the  end  of  the  penis,  to  which  it  is  below 
tied  by  a  median  fold,  the  frsenum  pPSeputii.  The  median  raphg  of  the  scrotum  and 
perineum  passes  backwards  from  this  fold.  The  outer  layer  of  the  foreskin  is  continuous  with, 
and  similar  to,  the  rest  of  the  skin  of  the  organ  ;  the  inner  layer  is  thin,  hairless,  without 
sweat  glands  or  mucous  glands,  and  continuous  around  the  prominent  edge  of  the  extremity 
of  the  penis,  with  the  thin  skin  adherent  to  the  end  of  the  organ  or  glans  penis.  Around 
the  margin  of  the  glans  penis  (corona  glandis)  are  many  small  sebaceous  glands  without 
rudimental  hair  follicles ;  these  are  called  Tyson's  glands,  but  the  structures  which  are 
usually  pointed  out  as  Tyson's  glands  are  really  papilla;.  On  the  skin  of  the  glans  are  rows 
of  papilla;  increasing  in  size  and  converging  to  the  urethral  orifice,  but  buried  in  the  thick 
epidermis,  so  that  they  do  not  project  as  roughnesses  on  the  surface. 

The  skin  of  the  scrotum  is   thin,  extensile,  deeply  pigmented,  corrugated, 
and  hairclad,  the  hairs  starting  from  large  follicles  and  accompanied  by  many 

sebaceous  glands.  The  scrotum  is 
usually  unsymmetrical,  its  left  side 
being  the  lower  and  farther  back. 

233.  REGIONS  OF  THE  AB- 
DOMEN. —  For  purposes  of  de- 
scription the  abdomen  may  be  divided 
into  nine  regions  by  two  transverse 
lines,  one  drawn  between  the  superior 
iliac  spines  and  one  between  the  car- 
tilages of  the  tenth  ribs,  and  two 
nearly  vertical  lines  on  each  side  drawn 
from  the  spines  of  the  pubes  to  the 
cartilage  of  the  eighth  rib.  The 
several  regions  and  their  contents 
are  : — 

(i)  Right  hypochondriac, 

under  the  right  rib  cartilages,  con- 
tains the  liver,  gall-bladder,  the  hepa- 
tic flexure  of  the  colon,  and  the  upper 
part  of  the  right  kidney  (fig.  489,  9) ; 

(2)  Left  hypochondriac  con- 
tains the  left  end  of  the  stomach  and 
of  the  pancreas,  the  spleen,  the  splenic 
flexure  of  the  colon,  the  tail  of  the 
pancreas,  and  upper  part  of  the  left 
kidney ; 

(3)  Epigastric,  between  these, 
contains  the  rest  of  the  stomach,  liver, 
and  pancreas,  parts  of  the  duodenum, 
kidneys  and  supi'arenal  capsules,  and 

Fig.  489.— Diagram  of  regions  of  the  abdomen  the  aorta  (ib.,  4); 

—4,  epigastric ;  5,  umbilical ;  6,  hypogastric ;  (4)   Umbilical,    below    the    last, 

9    hypochondriac  ;  10  lumbar ;  11,  inguinal,  contains  parts  of  the  transverse  colon, 
Ine  other  numbers  refer  to  divisions  of  the  j.  j.  j.  j       j 

thorax-i,  supraclavicular;  2,  subclavicular;  great  omentum,  mesentery,  duodenum, 

3,  mammary  ;  7,  axillary  ;  8,  infra -axillary.  an<*  small  intestines  (5)  ; 

|i  (5)  The  right  lumbar,  to  the 

right  of  the  umbilical,  contains  the  colon,  part  of  the  right  kidney  and  small 
intestines  (10) ; 

(6)  The  left  lumbar  contains  the  left  colon,  left  kidney,  and  parts  of  the 
small  intestines; 
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(7)  The  hypogastric,  above  the  pubes,  contains  the  bladder  and  small 
intestines,  and  the  uterus,  when  distended,  in  the  female; 

(8)  The  Fight  inguinal,  above  the  outer  half  of  the  fold  of  the  right 
groin,  contains  the  caecum  and  some  of  the  small  intestines  ; 

(9)  The  left  inguinal  contains  the  sigmoid  flexure  of  the  colon  and  some 
of  the  small  intestines. 

Dissection. — Divide  the  skin  in  the  middle  line  from  the  metasternum  to  the  pubes ; 
carry  two  transverse  incisions  through  the  skin  as  far  back  as  is  necessary,  one  on  the  level 
of  the  umbilicus  and  one  on  that  of  the  metasternum,  and  a  fourth  oblique  incision  along  the 
fold  of  the  groin.  Reflect  these  flaps  of  skin  on  each  side.  Divide  the  skin  along  the 
dorsum  of  the  penis  and  along  the  middle  line  of  the  scrotum,  and  dissect  off  the  integument 
from  one  side  of  both  parts. 

234.  THE  SUPERFICIAL  FASCIA  (fig.  503)  varies  in  thickness  with  the 
fatness  of  the  body.  Above,  it  is  loose,  areolar,  with  but  a  small  amount  of  fat, 
and  continuous  with  the  superficial  fascia  of  the  thorax;  below,  it  is  thicker, 
firmer,  more  fatty,  and  more  elastic,  and  continuous  into  the  superficial  fascia 
of  the  thigh.  Over  the  pubes  it  becomes  thick  with  coarse-grained  fat,  but 
becomes  suddenly  thin  and  loose  and  fatless  on  the  penis,  being  particularly  lax 
and  capable  of  great  stretching  between  the  two  layers  of  skin  of  the  prepuce, 
so  much  so  that  if  the  skin  be  drawn  forwards  and  cut  off,  as  in  unskilful  cir- 
cumcision, a  large  area  of  raw  surface  of  the  deep  layer  of  the  prepuce  is  left. 
An  irregular  layer  of  longitudinal  elastic  fibres  lies  between  the  layers  of  the 
prepuce,  and  is  attached  to  the  skin  at  the  orifice  of  the  prepuce. 

Towards  the  scrotum  the  superficial  fascia  becomes  thinner  and  loses  its  fat, 
developing  in  its  substance,  as  it  descends,  much  smooth  muscular  tissue,  and  it 
is  here  called  the  dartOS.  This  forms  a  uniform  reddish  envelope  for  both 
testes,  and  is  permeated  by  a  dense  lymphatic  network.  Its  lamelhe  are  united 
by  much  elastic  tissue,  and  a  thin  plane  of  areolar  tissue  is  continued  backwards 
from  it  medially  between  the  two  layers  of  the  deep  fascia  which  make  the 
Septum  Scroti.  In  this  areolar  lamella  are  the  terminal  branches  of  the  long 
perineal  artery.  The  muscular  tissue  is  irregularly  disposed,  and  is  thicker  in 
front  and  on  each  side  where  its  fibres  run  chiefly  vertically.  Many  sagittal 
fibres  are  scattered  in  the  septum.  Along  the  linea  alba  and  along  the  fold  of 
the  groin  the  superficial  fascia  is  traversed  by  fine  fibrous  bands,  which  tie  it  to 
the  skin  and  to  the  subjacent  deep  fascia  and  muscle. 

Three  branches  of  the  femoral  artery  ramify  in  this  fascia,  supplying  it  and 
the  skin — (i)  the  Superficial  pubic  artery  which  ascends  inwards  over  the 
pubis,  (2)  the  Superficial  epigastric  which  is  traceable  upwards  and  inwards 
as  high  as  the  umbilicus,  and  (3)  the  superficial  Circumflex  iliac,  which  passes 
upwards  and  outwards  towards  the  iliac  crest.  The  commencement  of  each 
vessel  is  beneath  the  deep  fascia,  but  its  branches  are  distributed  in  the 
superficial  layer.  The  vein  accompanying  the  second  of  these  arteries  is  large 
and  often  communicates  with  the  lateral  thoracic  vein  above. 

235.  THE  DEEP  FASCIA  (fig.  503)  on  the  abdomen  (Scarpa's  fascia)  is 

very  thin,  so  the  removal  of  the  superficial  fascia  requires  much  care  in  the 
dissection.  The  deep  fascia  is  a  plane  of  areolar  tissue  without  fat,  underlying 
the  vessels,  but  in  fat  bodies  often  having  a  layer  of  fat  beneath  it.  It  is  closely 
attached  to  the  deeper  parts  along  the  middle  line,  and  is  continuous  into  the 
fascia  lata  of  the  thigh  along  the  line  of  Poupart's  ligament.  Internally  it  forms 
a  sheath  around  the  spermatic  cord  almost  inseparable  from  the  deep  layer  of 
the  dartos,  and  extends  into  the  scrotum  forming  a  firm  areolar  envelope  for  the 
testis.  As  this  layer  is  pushed  before  the  testis  in  its  descent  so  there  is  a 
separate  sheath  for  each  testis  in  the  scrotum,  the  two  contiguous  layers  of 
which,  meeting  in  the  middle  line,  make  the  septum  scroti.     Internal  to  the 
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spermatic  cord  the  deep  fascia  is  continuous  downwards  on  the  upper  surface 
of  the   penis,   forming   the  superficial   portion   of  the    so-called    suspensory 

ligament. 

On  carefully  isolating  this  by  removing  the  fat,  it  will  be  noticed  that  the  fascia  attached 
to  the  middle  line  of  the  abdomen  above  the  pubes  contains  many  elastic  fibres,  and  these, 
descending  on  the  dorsum  of  the  penis,  make  a  deep  fascial  envelope  for  the  organ.  If  this 
be  artificially  separated  from  its  lateral  and  deep  connections  it  appears  as  a  flattish 
expansion,  whose  edges  are  lateral  and  whose  surfaces  are  directed  fore  and  aft.  To  this  the 
name  false  suspensory  ligament  is  given.  On  removing  this,  there  is  seen  beneath  it  a  deeper 
lamella,  usually  of  white  fibres,  attached  behind  to  the  median  line  of  the  symphysis  pubis 
and  in  front  to  the  dorsum  of  the  penis,  its  edges  being  directed  fore  and  aft  and  its  surfaces 
laterally.     This  constitutes  the  true  suspensory  ligament. 

The  deep  fascia  derived  therefrom  which,  sheaths  the  penis  is  continuous 
backwards  into  the  deep  perineal  (Colles's)  fascia.  Urinary  extravasation, 
following  rupture  of  the  urethra  beneath  the  latter,  is  prevented  from  passing 
backwards  by  the  reflection  of  the  fascia  around  the  tranversus  perinei  muscle, 
but  ascends  here  by  the  root  of  the  penis  to  the  groin  and  so  enters  the  scrotum, 
ascending  also  beneath  the  deep  fascia  on  the  abdominal  wall.  The  attachment 
of  the  latter  to  Poupart's  ligament  prevents  the  extravasated  urine  from 
passing  down  the  thigh. 

In  removing  the  deep  fascia  two  rows  of  nerves  are  found  emei'ging  from  the 
abdominal  muscles  and  piercing  the  fascia  to  reach  the  skin.  On  each  side  of  the 
middle  line  above  the  umbilicus,  fine  anterior  cutaneous  branches  of  the  eighth, 
ninth,  tenth,  and  eleventh  intercostal  nerves  escape  and  pass  outwards  to  the 
integument.  Below  the  umbilicus  two  branches  of  the  hypogastric  nerve 
pierce  the  fascia  about  5  cm.  from  the  middle  line  and  10  cm.  above  the  pubis. 
Below  and  outside  the  spermatic  cord  the  ilio-inguinal  IlGFVe  pierces  the 
muscles  to  ramify  below  in  the  skin  of  the  scrotum. 

Lateral  cutaneous  nerves  from  the  seventh  to  the  eleventh  intercostal  nerves 
escape  along  each  side  ;  the  seventh  and  eighth  make  their  exit  between  the 

serratus  rnagnus  and  external 
oblique,  the  lower  three  pierce 
the  oblique  muscle,  and  each 
divides  into  a  small  posterior, 
and  a  large  anterior  branch 
which  supply  the  skin.  The 
lateral  cutaneous  branch  of  the 
subcostal  nerve  has  no  posterior 
branch,  it  pierces  the  oblique 
below  the  front  end  of  the 
eleventh  rib,  crosses  the  iliac 
crest  5  cm.  behind  the  superior 
spine,  to  supply  the  skin  of  the 
gluteal  region.  A  lateral  cutan- 
eous bi'anch  of  the  first  lumbar 
nerve  runs  pai'allel  to  and  behind  it,  crossing  the  mid  part  of  the  iliac  crest. 
Small  vessels  accompany  these  nerves  from  the  epigastric  and  intercostal 
respectively. 

Between  the  lamellpe  of  the  true  suspensory  ligament  are  the  penial  vessels 
and  nerves.  The  dorsal  arteries  (fig.  490,  a)  are  the  terminal  branches  of  the 
pudics  (§  226),  and  are  distributed  on  each  side  of  the  middle  line  to  the 
integument  and  glans.  The  dorsal  nerves  (ib.,  n)  lie  outside  the  arteries  and 
supply  the  skin,  ending  in  the  papilla?  of  the  glans.  The  dorsal  vein  (ib.,  v)  is 
single,  median,  and  begins  by  branches  from  the  glans  and  prepuce,  passes 
backwards  in  a  median  sulcus  between  the  two  arteries,  receiving  branches  from 
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the  corpora  cavernosa.  It  pierces  the  triangular  ligament  and  enters  the  pelvis 
to  join  the  intrapelvic  system  of  veins. 

236.  THE  PENIS  consists  of  three  parts — a  coppus  spongiosum  urethrae 

medially  and  below,  and  on  each  side  a  corpus  CavePnoSUm.     Each  of  the  latter 
arises  by  a  narrow  hinder  end,  the  CPUS  penis,  from  the  tuber  cavernosum,  to 
which  it  is  fastened  by  strong  fibrous  tissue,  as  has  been  seen  in  the  dissection 
of  the  perineum  :  passing  forwards,  it  comes  in  contact  with  its  fellow  in  front 
of  the   scrotum  and   forms  thereby  the  body  of  the  ■penis.     The  two  corpora 
cavernosa  can  be  partially  separated  above  and  behind  beneath  the  dorsal  vein, 
but  anteriorly  they  are  inseparable,  and  each  ends  in  a  blunt  rounded  extremity, 
over  which  the  anterior  end  of  the  corpus  spongiosum  urethra?  (glans  penis)  is 
expanded  as  a  cap.     The  corpus  spon- 
giosum has  already  been  seen  begin-  prepuce. 
ning  behind  in  the  bulb  of  the  urethra,           >^»^^ ?  deev  laver 
and  can  now  be  seen  ending  anteriorly      /w/^yJnii     ^^§kr    sPace  between  prepuce 
in  the  glans,  whose  prominent  hinder     iff:  A    .'H":'-' '•■"•.••v\»  and  glans. 
margin  is  the  corona  glandis.                      II  f/:  -•'■  '  ;     -fl-     '  i]|i- £»//>#.?  cavernosum 

The    urethra   opens    between    two     111 :-;  ■"]$:■■  .  '•• ,'J': • ';.   IE  , 

lobes  of  the  lower  border  of  the  glans     ^LS^-' ■•'•;:• .  ••.  'w "^ ^$mj    "  C 
by  a  vertical  slit,  the  meatus  urinarius.         \!S^>~^—-^f&s 

Each  corpus   cavernosum  consists  ^^Sai^L^^^ 

of  erectile  tissue  (§  52,  fig.  139).     It  fiaemtm.jmeputu. 

is  invested  by  a  strong  fibrous  capsule       Fig  49I._Seetion  through  the  glans  penis, 
composed  of  interlacing  bands  of  white 

fibrillar  tissue,  which  for  that  portion  of  the  oi'gan  in  which  the  two  corpora 
are  side  by  side,  makes  a  perforated  septum,  mostly  of  strong  vertical  fibres, 
the  septum  pectiniforme,  incomplete  anteriorly.  The  lower  border  of  this 
septum  is  strengthened  by  isolated  spots  of  denser  fibrous  tissue,  representing 
the  os  penis  of  so  many  animals.  I  have  failed  to  find  any  trace  of  ossification 
or  fibro-cartilage  in  the  septum  of  any  individual  of  any  race.  From  this 
fibrous  investment  a  system  of  septa  and  bands  of  white  and  yellow  tissue  pass 
inwards  into  the  substance  of  the  corpus  cavernosum,  making  a  spongy  basis  of 
fibrous  tissue  for  the  whole  thickness  of  the  corpora  cavernosa,  the  gaps 
between  which  form  a  system  of  venous  spaces,  filled  with  blood  and  lined  by 
endothelium.  The  largest  of  these  sinuses  ai*e  below  and  external  in  the  corpus 
cavernosum.  The  branches  of  the  artery  of  the  corpus  cavernosum  (the  helicine 
arteries)  pass  in  very  sinuous  courses,  and  terminate  in  the  capillaries  which 
directly  communicate  with  the  sinuses.  Veins  arise  by  venous  capillaries  from 
these  sinuses,  which  unite  into  trunks  that  pass  to  the  dorsum  of  the  penis  and 
form  the  radicles  of  the  dorsal  vein,  and  as  these  channels  traverse  the  meshes 
of  the  vascular  network  on  their  Avay  to  the  surface,  the  blood  in  these  meshes 
serves  to  compress  the  outgoing  venous  trunks,  and  so  to  produce  and  maintain 
turgescence,  increasing  the  bulk  of  the  organ  about  five  times.  The  nervous 
supply  of  these  vessels  consists  of  fibres  coming  through  the  hypogastric  plexus 
from  the  second  and  third  sacral  nerves.  These  nerves  contain  many  vaso- 
dilator fibres,  and  in  the  preliminary  stage  of  turgescence  they  cause  dilatation 
of  the  arteries,  allowing  thereby  an  increased  flow  of  blood. 

The  examination  of  the  corpora  spongiosa  should  be  postponed  until  the  urethra  is  being 
dissected,  so  the  penis  should  be  wrapped  in  a  wet  cloth  and  covered  with  waterproof  in 
the  meantime.  Raise  the  deep  fascia  from  the  subjacent  external  oblique  muscle  and  tendon, 
and  as  the  sheath  of  the  muscle  is  closely  adherent  at  its  margin  to  the  latter,  care  must  be 
taken  not  to  remove  the  tendon  with  it. 

237.  THE  EXTERNAL  OBLIQUE  (fig.  492,  4),  the  largest  of  the  parietal 
muscles  of  the  abdomen,  arises  by  fleshy  slips  from  the  outer  surfaces  of  the 
seven  lower  ribs,  the  last  slip  surrounding  the  extremity  of  the  twelfth  rib. 
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The  inferior  three  indigitate  with  the  costal  origins  of  the  latissimus  dorsi  (ib.,  2); 
the  upper  four  with  the  serralus  inagnus  (ib.,  3).  The  origin  from  the  ninth  rib  is 
generally  the  largest,  and  the  indigitations  diminish  gradually  above  and  below. 
The  fibres  run  in  a  continuous  sheet  downwards  and  forwards,  but  with  varying 
obliquity ;  the  hindmost  form  a  free  border*,  bounding  Petit's  triangle  (§  144, 
go-.  353),  and  descend  nearly  vertically  to  the  mid-point  of  the  outer  lip  of  the 
crest  of  the  ilium,  while  the  uppermost  fibres  (fig..  492,  5),  which  are  aponeurotic 
for  most  of  their  extent  and  form  an  exceedingly  thin  sheet  that  craves  wary 
dissection,  run  nearly  horizontally.  The  fibres  from  the  eleventh  and  twelfth 
ribs  are  fleshy  for  their  whole  extent,  and  are  inserted  into  the  anterior  half  of 

the  iliac  crest;  those  from 
the  tenth  rib  become  ten- 
dinous anteriorly,  and 
form  by  their  insertion 
the  tendinous  band  which 
stretches  from  the  superior 
iliac  to    the   pubic    spine 

(Poupart's  ligament — 

§  105,  fig.  261);  those  from 
the  seventh  to  the  ninth 
ribs  become  tendinous 
opposite  a  sinuous  line 
drawn  from  the  eighth  rib 
to  the  front  of  the  crest, 
and  the  aponeurotic  ex- 
pansion thus  formed  is 
medially  inserted  into  the 
linea  alba.  The  aponeu- 
rosis is  narrowest  at  the 
umbilicus,  broadest  be- 
tween the  superior  iliac 
spines. 

The  surface  of  the  ex- 
ternal oblique  tendon 
shows  the  following  ap- 
pearances:— 

(1)  Linea  alba,  the 

median  fusion  of  the  ten- 
dons of  the  abdominal 
muscles,  extends  from 
the  metasternum  to  the 
pubes  as  a  depressed  white 
line,  narrow  below,  wider 
above,  crossed  by  no  mus- 
cular fibres  and  by  few 
vessels.  It  is  medially  interrupted  by  the  umbilicus,  through  which  in  the 
adult  a  small  mass  of  cicatricial  tissue  projects,  representing  the  ends  of  the 
foetal  vessels  which  oiiginally  traversed  it. 

(2)  Linea  semilunaris  is  a  curved  line,  concave  inwards,  extending  from 
the  cartilage  of  the  eighth  rib  to  the  pubes,  marking  the  outer  edge  of  the  rectus 
abdominis  muscle. 

(3)  LineaB  transversa}  are  white  depressed  lines  joining  together  the  former 
pair,  one  placed  at  the  level  of  the  umbilicus,  one  opposite  the  tenth  rib 
cartilage,  and  one  at  the  seventh  rib  cartilage.  These  mark  the  lines  of  tendin- 
ous intersection  of  the  rectus  here  attached  to  the  overlying  tendons  (fig.  494). 


Fig.  492. 


—The  external  and  internal  oblique 
muscles  of  the  abdomen. 


SUPERFICIAL   ABDOMINAL    RING. 
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(4)  Ventral  foramina  are  small  holes  for  the  exit  of  the  anterior  cutaneous 
nerves  and  vessels. 

(5)  Poupart'S  ligament  (fig.  261)  is  the  inferior  edge  of  the  tendon  stretched 
from  the  superior  iliac  spine  to  the  pubic  spine  and  attached  by  its  hinder  surface 
to  the  deep  abdominal  fascia,  and  by  its  lower  edge  to  the  fascia  lata  of  the  thigh 
(fig.  503,  a).  It  is  curved  convexly  downwards  while  undisturbed,  but  when 
it  is  detached  from  the  fascia -lata  it  becomes  straight.  When  thus  dissected 
and  its  under  side  exposed,  the  ligament  appears  to  have  its  lower  edge  turned 
inwards  so  as  to  make  its  upper  and  inner  surface  (which  cannot  yet  be 
seen)  somewhat  gutter-shaped.  The  insei'tion  is  widened  and  prolonged  out- 
wards along  the  ilio-pectineal  line  for  about  2  cm.,  forming  a  triangular 
expansion  (Gimbernat'S  ligament),  with  a  concave  free  outer  border 
directed  towards  the  femoi'al  vessels. 

238.  THE  SUPERFICIAL  ABDOMINAL  RING  is  the  very  oblique  and 
somewhat  triangular  opening  in  the  tendon  of  the  external  oblique  through 
which  the  spermatic  cord  passes  in  the  male,  and  the  round  ligament  of  the 
uterus  in  the  female.  It  is  formed  by  the  separation  of  two  fascicles  of  the 
tendon  of  that  muscle,  that  which  forms  the  pubic  end  of  Poupart's  ligament 
being  its  outer  pillar  or  boundary,  and  that  which  is  inserted  into  the  pubic 

/ 


Epigastric  gland. 
Superficial  ring. 
Cut  vessels  passing  through 
cribriform  fascia. 


Scrotal  gland. 
Femoral  glands. 


Fig.  493. — Superficial  or  external  abdominal  ring. 

crest  forming  its  weaker  inner  pillar  or  boundary.  The  base  is  at  the  pubis, 
while  its  apex  is  at  the  point  of  divergence  of  the  pillars  above  and  externally. 
The  centre  of  the  opening  is  about  5  mm.  above  the  spine  of  the  pubis. 

The  borders  of  the  opening  are  not  clearly  defined  until  an  expansion, 
which  is  prolonged  from  them  over  the  parts  which  pass  through  the  ring,  is 
divided.  This  spermatic  fascia  is  a  membrane  attached  to  the  surface  of 
-each  pillar  of  the  ring,  and  traceable  downwards  as  an  envelope  of  the  spermatic 
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cord  into  the  scrotum.  By  lifting  and  gently  pulling  the  cord  this  expansion 
can  be  made  tense,  and  by  dividing  it  along  its  attachments  to  the  pillai^s  of  the 
ring  the  opening  may  be  made  artificially  definite.  When  thus  made  distinct, 
the  ring  in  the  male  is  usually  about  3  cm.  long  by  1  cm.  broad,  and  in  the 
female  about  half  this  size.  A  stratum  of  white  fibres  which  run  upwards  and 
inwards  is  expanded  over  the  whole  tendon  of  the  external  oblique  whose 
fascicles  its  fibres  cross  at  an  angle.  A  very  strong  series  of  these  inter- 
COlumnar  fibres  arises  from  the  outer  third  of  Poupart's  ligament,  and,  as  they 
cross  the  external  oblique  tendon  above  the  apex  of  the  external  abdominal 
ring,  they  prevent   the  undue    divarication  of  the  pillars  of  the  ring.      The 

spermatic    fascia    which 

forms  a  sheath  for  the  cord  is 
an  expansion  downwards  of 
this  layer.  The  ilio-inguinal 
nerve  (§  314)  pierces  this 
expansion  below  the  sper- 
matic cord  on  its  way  to  the 
skin  of  the  sci'otum.  The 
superficial  abdominal  ring  is 
important  as  being  the  open- 
ing through  which  an  in- 
guinal hernia  protrudes,  and 
whose  borders  may,  though 
not  commonly,  dangerously 
constrict  the  contents  of  a 
hernial  sac. 

Detach  the  costal  origin  of  the 
external  oblique  from  the  ribs, 
and  the  fleshy  insertion  from  the 
iliac  crest,  dividing  the  tendon 
horizontally  forwards  from  the 
superior  iliac  spine  to  within  about 
6  cm.  of  the  middle  line.  Reflect 
the  whole  muscle  inwards,  leaving 
the  tendon  in  situ  below  this  level. 
This  dissection  cannot  be  carried 
farther,  as  a  little  internal  to  the 
linea  semilunaris  the  tendon  be- 
comes inseparably  blended  with 
that  of  the  internal  oblique  under- 
lying it,  as  far  up  as  the  level 
of  the  seventh  costal  cartilage. 
Above  this  the  thin  tendon  lies 
over  the  rectus  muscle,  and  gives 
origin,  by  its  surface,  to  the  great 
X>ectoral  muscle. 

The  tendon  may  now  be  divided 
along  the  line  of  attachment  and 
the  muscle  removed. 

Raising  and  reflecting  the  lower  portion  of  the  tendon  (fig.  492,  6),  the  upper  or  grooved 
surface  of  Poupart's  ligament  is  brought  into  view. 

From  its  pubic  attachment  there  is  a  thin  expansion  reflected  upwards  and  inwards  to 
the  middle  line  (the  triangular  fascia)  underlying  the  internal  pillar  of  the  external 
abdominal  ring  and  overlying  the  internal  oblique  tendon.  Its  fibres  are  not  traceable  across 
the  median  line.  It  is  usually  stronger  in  males  than  females,  and  is  very  weak  in  the 
presence  of  a  pyramid  alls  muscle,  of  whose  sheath  it  is  a  specialised  portion. 

Some  of  the  tendinous  fibres  of  the  internal  pillar  of  the  ring  are  attached  to  the  pubis, 
some  cross  the  median  line  to  be  attached  into  the  fascia  lata  of  the  opposite  thigh,  and  some 
descend  into  the  true  suspensory  ligament  of  the  penis. 

The  external  oblique  is  the  abdominal  representative  of  the  external  layer  of  somatic 
muscles  (§  46,  fig.  129);  the  next  muscle,  the  internal  oblique  represents  the  internal  ■  layer ; 
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the  third  or  transversalis,  belongs  to  the  deeper  visceral  plane.     The  rectus  abdominis  is  a 
median  specialised  segmentation  of  the  second  stratum. 

239.  THE  INTERNAL  OBLIQUE  (fig.  492,  7)  is  exposed  by  removing 
the  areolar  layer  which  sheathes  its  surface  beneath  the  external  oblique.  It 
arises  fleshily  from  the  outer  half  of  the  upper  surface  of  Poupart's  ligament 
from  the  middle  area  of  the  iliac  crest  as  far  back  as  the  level  of  the 
superior  gluteal  line,  and  from  the  lumbar  fascia  above  and  behind  that 
level.  From  these  origins  the  fibres  radiate  as  a  continuous  sheet ;  those 
from  the  lumbar  fascia  ascending  to  the  two  lowest  ribs.  The  iliac  fibres, 
which  are  very  thick  at  the  anterior  fourth  of  that  crest,  diverge  as  they 
ascend,  and  are  inserted  in  three  series,  those  which  form  the  hinder  third 
of  the  iliac  origin  are  inserted  into  the  lower  borders  of  the  cartilages  of 
the  tenth,  ninth,  eighth,  and  seventh  ribs,  on  the  same  plane,  and  often 
continuously  with,  the  internal  intercostal  muscles;  those  forming  the  middle 
third  of  the  iliac  origin,  very  thick  at  their  origin,  diverge  the  most  and 
become  tendinous  along  the  upper  two-thirds  of  the  linea  semilunaris.  The 
tendon  divides  into  two  layers — one,  an  anterior  lamina,  passes  in  front,  the 
second  or  posterior  passing  behind  the  rectus  abdominis,  for  which  they  form  a 
sheath,  the  two  layers  uniting  internally  at  the  linea  alba. 

These  sheathing  fibres,  which  are  subsequently  to  be  dissected,  can  be  partially  seen  at 
this  stage  by  dividing  the  froDt  of  the  sheath  between  the  first  and  second  transverse  lines, 
and  reflecting  the  front  layer  of  the  sheath  outwards. 

The  anterior  or  third  portion  of  the  iliac  origin  is  thinner,  and  is  continuous 
with  the  portion  arising  from  Poupart's  ligament.  Its  fibres  become  tendinous 
at  the  lower  third  of  the  semilunar  line,  but  the  tendon  passes  in  front  of 
the  rectus  abdominis  to  the  linea  alba.  The  fibres  arising  from  the  outer 
fourth  of  Poupart's  ligament  run  downwards  and  inwards,  and  are  for  the  most 
part  inseparable  from  the  contiguous  part  of  the  transversalis  muscle,  their 
tendons  being  blended  here  into  the  conjoined  tendon.  The  spermatic  cord 
lies  at  first  beneath  the  lower  edge  of  this  muscle,  but  as  it  passes  inwards  to 
escape  through  the  external  abdominal  ring  it  overlaps  the  border  of  the 
conjoined  tendon. 

The  lowest  portion  of  the  muscle  arising  from  about  3  cm.  of  Poupart's  liga- 
ment, external  to  the  point  where  the  spermatic  cord  first  lies  on  it,  has 
become  elongated,  and  is  cari'ied  down  by  the  parts  which  have  traversed  the 
ring  during  the  descent  of  the  testis,  as  a  series  of  looped  fibres,  to  which  the 
name  cremaster  is  given.  These  fibres  descend  beneath  the  external  spermatic- 
fascia  on  the  outside  of  the  cord,  loop  at  different  levels  in  front  of  it,  and 
ascend  on  its  inner  side.  Some  few  can  be  traced  into  the  scrotum,  but  the 
majority  cross  the  front  of  the  cord.  The  loops  are  usually  discontinuous, 
but  they  are  united  by  interstitial  areolar  tissue,  and  with  this  tissue  and  the 
spermatic  fascia  which  invests  them,  they  make  a  tunic  for  the  testis,  which  is 
called  the  tunica  CPemasterica.  Into  the  cremaster  can  be  traced  a  branch 
of  the  epigastric  artery,  and  the  cremasteric  branch  of  the  genito-crural  nerve. 

Through  the  internal  oblique,  the  following  structures  pierce: — (1)  The 
gluteal  branch  of  the  ilio-hypogastric  nerve,  over  the  iliac  crest;  (2)  the 
hypogastric  branch  of  the  same  nerve,  between  the  superior  iliac  spine  and 
the  edge  of  the  rectus;  (3)  the  ilio-inguinal  nerve,  above  Poupart's  ligament. 

Detach  the  internal  oblique  along  the  iliac  crest,  cutting  through  it  until  the  underlying 
connective  tissue  containing  the  deep  circumflex  iliac  artery  is  reached ;  divide  the  muscle 
vertically  between  the  iliac  crest  and  last  rib,  and  cut  through  each  costal  attachment, 
reflect  the  muscle  inwards  towards  the  rectus.  The  origin  from  Poupart's  ligament  is  also  to 
be  divided,  and  the  lower  fibres  reflected  inwards.  When  the  nature  of  this  muscle  has  been 
thoroughly  appreciated,  it  may  be  cut  away  by  a  vertical  incision  along  the  linea  semilunaris. 

Upon  the  subjacent  surface  of  the  transversalis  there  are  to  be  traced  from  above  down- 
wards the  anterior  continuations  of  the  seventh  to  the  eleventh  intercostal,  the  subcostal, 
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ilicr-hypogasttic  and  ilio-inguinal  nerves,  with  their  accompanying  vessels.  Of  these,  all  but 
the  last  pair  pass  forwards,  giving  off  lateral  cutaneous,  lateral  muscular,  and  anterior  cutan- 
eous branches,  and  supplying  the  rectus  abdominis.  The  ilio  hypogastric  gives  off  a  lateral 
cutaneous  branch,  but  neither  it  nor  the  ilio-inguinal  supply  muscles  by  their  anterior  branches. 


240.  TRANSVERSALIS  (fig.  494,  A), 


beneath  the  last,  arises  fleshily  by 
six  slips  from  the  inner  sur- 
faces of  the  six  lower  costal 
cartilages  indigitating  with 
the  diaphragm  (fig.  495,  3), 
tendinously  from  the  lateral 
intermuscular  septum  (fig. 
129),  where  it  joins  the  fascia 
lumborum  (p.  71),  and  by 
fleshy  and  tendinous  fascicles 
from  a  little  more  than  the 
anterior  half  of  the  inner  lip 
of  the  iliac  crest.  The  short 
fleshy  fascicles  run  transverse- 
ly and  become  tendinous  (fig. 
494,  5),  before  they  reach  the 
semilunar  line,  for  the  upper 
two-thirds  of  which  they  pass 
behind  the  rectus,  fusing  with 
the  posterior  layer  of  the  ten- 
don of  the  internal  oblique 
(ib.,  2),  to  be  inserted  with  it 
into  the  linea  alba  (ib.,  3). 
For  about  the  lower  third 
of  the  linea  semilunaris  the 
transversalis  tendon  passes  in 
front  of  the  rectus  muscle 
along  with  the  whole  of  this 
portion  of  the  internal  oblique 
tendon.  At  its  lower  border 
it  joins  with  the  internal 
oblique  to  form  the  conjoined 
tendon,  which  is  inserted  into 
the  inner  3  cms.  of  the  ilio- 
pectineal  line  and  the  crest 
of  the  pubis,  where  it  fuses 
with  the  triangular  ligament. 


A  very  small  band  of  the  ten- 
don of  transversalis  always  des- 
cends a  little  lower,  and  lies  farther 
outwards  than  the  lower  edge  of 
the  internal  oblique,  and  is  known 

as  the  reflected  tendon  of  Sir 

A.  Cooper.  It  passes  behind  the 
spermatic  cord,  as  it  descends 
underneath  the  lower  edge  of  the 
internal  oblique  muscle. 
Divide  the  sheath  of  the  rectus  by  a  vertical  incision  about  2  cm.  external  to  the  linea 
alba,  and  reflect  the  anterior  wall  of  the  sheath  outwards.  Along  each  linea  transversa  the 
sheath  is  adherent  to  the  muscle,  and  requires  to  be  dissected  off  artificially.  The  terminal 
cutaneous  branches  of  the  intercostal  nerves  which  enter  the  rectus  externally  can  now  be 
seen  emerging  from  it  anteriorly  to  pass  to  the  skin. 

241.  RECTUS  ABDOMINIS  (fig.  494,  6)  is  a  quadrigastric  muscle  arising 


Fig.  495. — Transversalis  muscle  seen  from  behind,  the 
peritoneum  and  the  abdominal  fascia  being  divided — 
1,  sternum ;  6,  triangularis  sterni ;  9,  deep  band  of 
transversalis  bounding  Richet's  canal  for  10,  the  um- 
bilical vein  ;  12,  Douglas's  fold  ;  13,  hinder  surface  of 
rectus  on  which  the  deep  epigastic  artery  is  seen  to 
ascend  (14);  15,  iliacus  muscle,  cut. 
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from  the  crest  of  the  pubis  by  a  sometimes  divided  tendinous  head.  The 
muscle  expands  as  it  ascends,  is  crossed  by  a  tendinous  intersection  at  each 
linea  transversa,  and  is  finally  inserted  by  three  wide  fleshy  slips  into  the 
fronts  of  the  fifth,  sixth,  and  seventh  costal  cartilages. 

The  rectus  is  a  metamerised  vertical  muscle  whose  several  bellies  retain  their  separate 
innervation — the  lowest  or  infra-umbilical  is  supplied  by  the  twelfth  dorsal  nerve,  the  second 
by  the  eleventh  aDd  tenth,  the  third  by  the  ninth,  and  the  fourth  by  the  seventh  and 
eighth  intercostal  nerves.  Fibres  of  the  peetoralis  major  arise  from  the  front  of  its  sheath 
(fig.  492),  which,  where  it  overlies  the  ribs  above,  consists  of  the  external  oblique  tendon 
only  in  front,  and  the  rib  cartilages  behind  ;  for  the  upper  two-thirds  of  the  abdominal  wall 
it  consists  of  the  tendon  of  the  external  oblique  and  the  anterior  half  of  that  of  the  internal 
oblique  in  front ;  and  of  the  transversalis  and  the  posterior  half  of  the  internal  oblique  tendon 
behind.  For  the  lower 
third  of  the  abdomen  the 
rectus  has  the  entire  of  the 
tendons  of  the  external  and 
internal  oblique  muscles  and 
of  the  transversalis  in  front, 
and  lies  upon  the  deep  ab- 
dominal fasciae  behind. 


"xl.  oblique. 


496. — Diagram  of  sections  of  the  sheath  of  the  rectus  ; 
A,  above  Douglas's  fold,  showing  the  splitting  of  the 
internal  oblique  teudon  ;  B,  sheath  below  Douglas's  fold, 
showing  the  formation  of  the  conjoined  tendon  in  front  of 
the  rectus. 


int.  oblique. 

transversalis 
On  dividing  part  of 
the    rectus     vertically 
through  a  linea  trans- 
versa it  is  to  be  seen    Fig. 
that  all  the  fibres  are 
not  tendinously  inter- 
rupted, but  that  some 
posterior     fibres     pass 
from  one  belly  to  another,  and  also  that  the  sheath  and  the  muscle  are  not 
as  closely  connected  behind  as  in  front  at  the  linere  tranversse. 

Divide  the  rectus  muscle  at  the  umbilicus,  and  reflect  its  lower  portion  downwards.  The 
edge  at  which  the  posterior  wall  of  its  sheath  terminates  now  appears  as  a  crescentic  border 
— the  pliea  semilunaris  (or  Douglas's  fold) — placed  between  the  umbilicus  and  pubis 
one-fourtli  the  distance  from  the  former,  three-fourths  from  the  latter. 

Very  often  a  part  of  the  transversalis  continues  to  send  fibres  behind  the  rectus  for  some 
distance  below  Douglas's  fold,  which  then  does  not  appear  as  distinct  as  in  the  rarer  cases  when 
no  tendinous  fibres  extend  below  it.  The  space  below  the  semilunar  line  corresponded  to  the 
area  of  original  contact  of  the  bladder  with  the  foetal  abdominal  wall,  although  they  have 
ceased  to  correspond  long  before  birth.  Morphologically  the  internal  oblique  and  transversalis 
muscle  end  at  the  outer  edge  of  the  rectus ;  but  the  fibres  of  these  muscles,  being  attached 
to  what  was  primitively  the  perimysium  of  the  rectus,  have  caused  parts  of  that  sheath  to 
specialise,  and  to  appear  as  inward  continuations  of  these  tendons. 

Ascending  in  the  sheath  of  the  rectus  behind  the  muscle  is  the  deep  epigastric  artery 
(§  289),  and  descending  above  is  the  superior  epigastric  branch  of  the  internal  mammary 
artery  (§  428). 

242.  PYRAMIDALIS  (fig.  494,  7). — Internal  and  on  a  plane  superficial 
to  the  rectus,  in  about  42  per  cent,  of  bodies,  lies  a  small  triangular  muscle 
arising  from  the  pubic  crest  in  front  of  the  tendon  of  the  rectus.  Its  fibres 
ascend,  converging  to  be  inserted  into  the  linea  alba  at  a  point  between  the 
pubis  and  the  umbilicus. 

This  muscle,  largely  developed  in  animals  with  a  marsupial  bone,  is,  in  man,  always  of 
small  size  and  sometimes  unilateral. 

The  actions  of  the  several  abdominal  muscles  are  easily  understood  from  the  course  of  their 
fibres.  Acting  together,  they  compress  the  abdomen,  evacuate  the  cavities,  and  forcing  up 
the  diaphragm  act  as  extraordinary  muscles  of  expiration. 

Reflex  action  of  these  muscles  may  be  excited  by  stimulating  the  skin  along  the  lateral 
cutaneous  nerves. 

When  all  muscles  of  the  two  sides  have  been  thus  dissected,  the  linea  alba,  which  now 
appears  as  a  substantive  structure,  may  be  examined  (fig.  494,  3).  It  will  be  noted  that 
it  is  thinner  and  wider  above,  and  is  attached  to  the  ends  of  the  cartilages  of  the  seventh 
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ribs  as  well  as  to  the  sides  of  the  mctasternum ;  below  it  is  narrower  and  deeper,  and  it 
is  stronger  at  the  umbilicus  than  elsewhere.  At  its  lower  end  it  contains  some  vertical 
fibres,  and  these  expand  below,  behind  the  recti,  and  are  attached  by  a  widening  expansion 
to  the  upper  surface  of  the  pubic  crest.  This  fixed  end  of  the  linea  alba  is  called  the 
mhninkuLum  line(K  albw. 

243.  FASCIA  TRANSVERSALIS  is  exposed  by  dividing  the  transversal™ 
muscle  vertically  from  the  superior  iliac  spine  to  the  eighth  rib  cartilage  and 
reflecting  the  muscle  backwards  and  forwards.  This  layer  is  thin  above, 
becoming  continuous  with  the  infra-diaphragmatic  fascia,  but  becomes  thicker 
below.  It  is  closely  tied  to  the  deep  surface  of  the  transversalis  muscle  where 
it  is  fleshy,  but  is  easily  separable  from  its  tendon,  and  is  continuous  from  side 
to  side  but  attached  to  the  linea  alba  as  it  passes  behind  it.  Traced  downwards, 
it  becomes  stronger  and  extends  as  far  as  Poupart's  ligament,  to  the  whole 
length  of  the  upper  surface  of  which  it  is  attached ;  and  so  it  appears  below 
the  inferior  border  of  the  transversalis  muscle,  filling  the  interspace  between  it 
and  Poupart's  ligament.  Through  this  portion  of  the  fascia  the  spermatic  cord 
pierces,  about  2  cm.  above  the  middle  of  Poupart's  ligament,  but,  as  in  the  case 
of  the  external  oblique  muscle,  the  cord  carries  along  with  it  an  expansion  from 
the  fascia,  hence  the  aperture  of  perforation  does  not  appear  until  this  expansion 
is  divided  all  round.  If  before  such  division  the  cord  be  drawn  downwards 
and  forwards,  the  expansion  from  the  fascia  transversalis  (infundibulifOPm 
fascia,  fig.  497,  i6),  can  be  seen  as  a  distinct  sheath  on  the  cord;  by  cutting 

this  around  the  cord  an 
opening  in  the  fascia  trans- 
versalis (the  deep  abdom- 
inal ring")  is  made.  It  is 
to  be  noted  that  this  ring, 
which  is  sometimes  called 
internal,  lies  external,  i.e., 
farther  from  the  middle  line 
than  the  superficial  or  so- 
called  external  abdominal 
ring. 

This  opening,  as  such, 
is  purely  artificial,  but 
forms  the  starting-point  of 

the  inguinal  canal,  by 

which  name  is  distinguished 
the  space  traversed  by  the 
spermatic  cord  (fig.  497, 
17),  or  round  ligament  be- 
tween the  deep  and  the 
superficial  rings.  This 
canal  is  an  oblique  passage 
running  downwards  and 
inwards  from  the  deep  to 
the  superficial  ring,  and  is 
about  6  cm.  long.  Below 
it  is  bounded  by  the  upper 
or  grooved  surface  of 
Poupart's  ligament  and  the 
portion  of  Gimbernat's  liga- 
ment attached  thereto;  an- 


Fig 


497- — View  of  fascia  transversalis  and  deep  part  of 
abdominal  wall  from  within,  showing  internal  ab- 
dominal ring— 2,  obturator  membrane;  3,  4,  obturator 
artery  and  nerve;  6,  ilio-pubic  ligament;  9,  cremaster; 
10,  pubis,  superior  ramus;  11,  Gimbernat's  ligament, 
the  space  external  to  which  is  the  femoral  ring,  seen 
on  the  other  side  at  15;  12,  Poupart's  ligament; 
13,  deep  view  of  superficial  abdominal  ring ;  14,  outer 
pillar  of  ring;  18,  19,  external  iliac  artery,  and  vein. 


teriorly  it  is  covered  by  the  expanded  tendon  of  the  external  oblique  and  (at 
its  outer  part)  the  lower   edge  of  the  internal   oblique   muscle ;   above   is  the 
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lower  edge  of  the  transversalis  muscle.  The  posterior  wall  consists  of  (i) 
fascia  transversalis,  behind  which  ascends  (2)  the  epigastric  artery,  (3)  the 
margin  of  the  reflected  tendon  of  the  transversalis  when  distinct,  (4)  the 
conjoined  tendon,  and  {5)  the  -outer  -edge  -of  the  triangular  fascia. 

The  relation  of  the  epigastric  artery  (fig.  497,  21)  to  this  canal  is  of  great 
importance.  It  can  be  felt  through  the  fascia  transversalis  ascending  behind 
the  spermatic  cord  close  to  the  internal  border  of  the  deep  abdominal  ring, 
and  hence  on  a  plane  external  to  the  superficial  ring. 

It  is  a  good  plan  to  divide  on  one  side  the  fascia  transversalis  at  the  level  of  the  superior 
iliac  spine,  and  to  separate  it  from  the  subjacent  layer  so  as  to  get  a  view  of  the  deep 
abdominal  ring  from  the  inner  side.  The  opening  in  this  position  when  the  cord  is  drawn 
down  appears  as  a  narrow  fissure  (fig.  497,  16). 

The  form  of  intestinal  protrusion  called  oblique  inguinal  hernia 
traverses  the  inguinal  canal,  leaving  the  abdominal  cavity  through  the  deep 
ring,  descending  along  the  spermatic  cord,  and  projecting  through  the  superficial 
ring.  Such  a  hernia  will  carry  before  it  as  coverings — skin,  superficial  and  deep 
fasciae,  the  spermatic  fascia,  the  cremasteric  fascia,  the  infundibuliform  fascia, 
as  well  as  the  deeper  layer  of  subperitoneal  tissue  and  peritoneum.  These 
layers,  however,  become  united  by  the  pressure  of  the  hernia;  and  cannot  be 
individualised  except  by  artificial  separation.  The  epigastric  artery  lies  close 
to  the  internal  side  of  the  neck  of  an  oblique  hernia. 

In  some  cases  a  hernia  projects  through  the  abdominal  wall  internal  to  the 
epigastric  artery,  and  therefore  does  not  traverse  the  deep  abdominal  ring;  but, 
bursting  through  the  conjoined  tendon  internal  to  it,  enters  the  inguinal  canal, 
from  which  it  escapes  by  the  superficial  abdominal  ring.  Such  a  hernia  is  called 
a  direct  inguinal  hernia,  and  the  deep  epigastric  artery  lies  to  the  external 
side  of  its  neck. 

The  infundibuliform  fascia  can  be  traced  as  an  envelope  of  the  spermatic 
cord  downwards  into  the  scrotum.  Between  it  and  the  overlying  cremasteric 
fascia  lie  the  branches  of  the  genito-crural  nerve  and  the  cremasteric  branch  of 
the  epigastric  artery,  just  as  outside  the  cremasteric  and  spermatic  fascia?  lie  the 
scrotal  branches  of  the  ilio-inguinal  nerves.  Within  the  infundibuliform  fascia 
are  to  be  found  the  vas  deferens  or  duct  of  the  testis,  distinguishable  by  its 
hard,  cord-like  feel,  the  spermatic  artery  a  branch  from  the  aorta,  the  spermatic- 
plexus  of  veins,  the  spermatic  plexus  of  nerves,  and  an  areolar  layer — the 
degenerated  serous  envelope  of  the  cord. 

244.  SCROTUM. — The  skin,  dartos,  and  deep  fascia  have  been  already 
removed  from  the  scrotum.  Beneath  these,  the  three  subjacent  layers  of 
spermatic,  cremasteric,  and  infundibuliform  fascia?,  are  so  closely  united  as  to 
be  with  difficulty  separable  from  each  other.     The  layer  thus  made  has  been 

called  tunica  eremasteriea  (fig.  498)- 

The  vessels  of  the  scrotum  hitherto  observed  have  been  derived  from  two 
sources.  The  cutaneous  structures  are  supplied  by  vessels  from  contiguous 
regions,  the  two  pubic  branches  of  the  femoral  (superficial  and  deep)  and  the 
superficial  perineal.  The  deep  parts  which  have  descended  from  the  abdominal 
cavity  receive  their  supply  through  the  three  arteries  in  the  spermatic  cord,  the 
parts  derived  from  the  deep  portion  of  the  abdominal  wall,  such  as  the 
cremaster,  being  supplied  by  a  branch  of  the  epigastric  (§  289),  the  vas 
deferens  by  a  branch  of  the  vesical  (§  283),  and  the  testis  by  the  spermatic  (§  276). 

The  nerves  are  similarly  in  two  sets,  the  cutaneous  being  those  from  the 
perineal,  from  the  long  pudendal  branch  of  the  small  sciatic,  and  the  ilio-inguinal. 
The  cremaster  is  supplied  by  the  genito-crural,  and  the  deeper  parts  by  the 
nerves  of  the  spermatic  plexus. 

These  supplies  are  correlated  with  the  threefold  sources  of  the  parts. 
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Having  removed  these  layers — skin,  dartos,  and  tunica  musculosa — the  out- 
side of  the  tunica  vaginalis  or  serous  envelope  of  the  testis  is  exposed.  This 
was  originally  continuous  with  the  peritoneum,  but  becomes  isolated  in  early  life 
(fi«-.  84);  a  trace  of  the  connection  remaining  often  as  an  indefinite  areolar  string 
in  the  substance  of  the  spermatic  cord.  The  outer  surface  of  the  tunica  vaginalis 
is  rough  and  areolar.  On  slitting  open  the  sac  in  front  of  One  testis  from  above 
downwards,  its  visceral  portion  appears  closely  adherent  to  the  front  and  sides  of 
the  testis.  The  parietal  portion  is  wider,  lining  the  scrotum,  extending  both 
above  and  below  the  gland,  and  forming  a  narrow  pouch  (digital  fossa — fig.  498) 
along  the  external  posterior  edge  of  the  gland.  The  parietal  layer  is  reflected  to 
join  the  visceral  along  each  side  of  the  back  border  of  the  gland,  leaving  a  narrow 
strip  along  the  back  uncovered.  Here  the  place  of  the  serous  layer  is  taken  by 
a  thick  lamella  of  unstriped  muscle,  the  internal  muscular  COat.  Along  the 
border  of  reflection  are  numerous  villi,  clad  with  cylinder  epithelium. 

The  wall  of  the  tunica  vaginalis  is  not  very  vascular,  but  in  some  cases  becomes  the  seat 
of  an  abnormal  secretion,  owing  to  which  the  cavity  becomes  dropsical,  the  swelling 
constituting  the  disease  hydrocele. 

245.  THE  TESTIS  is  an  oval,  smooth,  laterally  compressed  body,  convex, 

and  free  in  front,  attached  behind;  obliquely 
suspended,  so  that  its  attached  border  is 
turned  upwards  and  inwards,  and  its  upper 
end  projects  a  little  forward.  Each  testis 
when  well  developed,  in  an  adult  man, 
measures  40  mm.  in  length,  29  mm.  in 
breadth,  and  23  in  thickness;  its  volume  is 
about  20  cm.,  and  its  weight  23  grammes, 
but  the  gland  is  variable  in  size,  and  atrophies 
with  old  age. 

Along    its    hinder    side    is   appended    a 
curved    structure,   the   epididymis,   whose 
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Fig.  498. — Left  testis  with  the  tunica 
vaginalis  opened. 

larger  end  or  globus  tnaj.or  (tig.  498)  is  above,  its  body  passes  along  the  back 
of  the  testis,  from  which  it  is  separated  externally  by  the  digital  fossa,  and  its 
lower  end  or  globus  minor  is  below.  To  the  front  of  the  testis,  anterior  to  the 
globus  major  of  the  epididymis,  there  is  appended  a  minute  stalked  body,  the 
pedunculated  hydatid,  and  a  small  sessile  body  of  similar  nature  is  placed 

beside  it,  the  sessile  hydatid. 

These  are  covered  by  ciliated  epithelium,  and  consist  of  minute  rudimentary 
tubules  communicating  by  one  end  with  the  tunica  vaginalis  and  with  the 
other  end  blind. 


TUBULAR    STRUCTURES    IN    TESTIS. 
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Above  the  testis,  on  the  front  of  the  vas  deferens  in  the  spermatic  cord,  there  can  be 
seen,  easily  in  the  child,  not  so  easily  in  the  adult,  two  or  three  small  masses  of  convoluted 
tubes,  about  "]  mm.  in  diameter— the  paradidymis — each  of  which  is  lined  by  an  imperfect 
ciliated  epithelium  (p.  17). 

The  body  of  the  testis  is  enclosed  in  a  fibrous  capsule  (the  tunica  albu- 
ginea), which  is  composed  of  interlacing  layers  of  white  tissue,  which  interlace 
each  other  in  all  directions. 

Fix  the  testis  on  a  flat  piece  of  wood  by  laying  it  on  its  outer  side,  and  passing  a  pin 
through  its  upper  and  one  through  its  lower  end.  Divide  the  tunica  albuginea  along  the 
front  of  the  gland,  and  reflect  it  on  the  inner  side  as  far  as  the  level  at  which  the  vessels 
enter. 

Along  the  back  of  the  gland  the  tunica  albuginea  is  involuted  as  a  thick 
reticulated  fold,  the  corpus  Hig'hmorianum,  which  projects  for  about  8  mm. 
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Fig.  500. — Magnified  portion  of  testis. 

into  the  substance  of  the  gland  and  through  wThich  the  vessels  and  nerves  pass. 
From  this  there  pass  two  kinds  of  processes  through  the  gland  tissue — (1)  fine 
membranous  septa  which  imperfectly  divide  the  gland  into  somewhat  conical 
lobules  of  irregular  size;  and  (2)  filaments  of  fibrous  tissue  containing  unstriped 
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muscle.     There  are  about  120  such  lobules  in  each  testis.     Each  lobule  when 
teased  out  consists  of  from  two  to  eight  convoluted  tubllli  seminiferi. 

These  tubes  are  about  800  in  number,  each  about  '3  mm.  in  diameter,  and 
beginning  by  loops,  or  diverticula,  with  closed  ends,  or  by  bifurcating  and  joining 
their  neighbours.  When  fully  teased  out  these  tubules  measure  from  34  to 
50  cm.  in  length,  and  are  of  fairly  uniform  diameter.  Each  tube  consists  of  a 
homogeneous  basement  layer,  outside  which  is  a  thick  layer  of  flat  connective 
cells  arranged  in  interrupted  laminae,  one  over  the  other,  and  appearing  from 
the  interruptions  striated  in  cross-section,  the  outer  cells  passing  gradually 
into  the  interstitial  tissue.  A  close  capillary  network  of  vessels  surrounds  each 
tube.  The  epithelial  lining  of  the  tube  is  thick,  and  divided  into  layers,  which 
are  not  always  clearly  separate,  nor  are  the  contiguous  cells  sharply  bounded. 
Lining  the  basement  is  a  layer  of  cubical  lining*  CGlls  with  small  nuclei,  con- 
sisting of  unenclosed  chromatic  wreaths  which  are  usually  fairly  regular. 
Upon  these  and  derived  from  them  by  proliferation  is  a  second  layer  of  irregu- 
larly rounded  clavate  cells  with  larger  nuclei,  internal  to  which  is  a  layer  of  ill- 
defined  granular  protoplasm  with  small  faint  nuclei.  Embedded  in  this  layer 
are  the  clusters  of  developing  spermatozoa  whose  tails  project  into  the  lumen 
of  the  tube.  Each  cluster  of  the  elongated  and  deeply  staining  heads  of  the 
spermatozoa  is  at  first  embedded  in  a  capsular  cell,  a  large  modified  cell  of  the 
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Fig.   501. — I,  Magnified  section  of  seminal  tube,  diagrammatic ;  II,   unripe  spermatoblast; 
III,  spermatoblast,  with  detached  spermatozoa ;  IV,  ripe  spermatoblast. 

second  layer,  from  the  chromatic  wreath  of  whose  nuclei  they  seem  to  arise  by 
karyokinesis,  while  the  clear  substance  of  the  cell,  which  embraces  the  pole  of 
the  nucleus,  seems  to  become  the  middle  element,  its  clavate  internal  prolon- 
gation becoming  the  filament. 

Among  these  cells  are  certain  large  columnar  support  Cells  arising  with  their  bases  on 
the  basement  layer. 

Projecting  towards  the  lumen  are  prominent  columus  of  protoplasm"  spermatoblasts 
produced  by  the  rapid  proliferation  and  ingrowth  of  some  of  the  nuclei  of  the  lining  cells, 
with  undivided  tracts  of  protoplasm  around  them,  whose  outer  ends  rest  on  the  basement, 
and  here  each  possess  a  basal  nucleus,  while  their  inner  ends,  which  become  clavate  towards 
the  lumen,  are  terminally  divided  into  lobular  finger-like  masses  of  granular  protoplasm, 
each  of  which  includes  within  it  an  elongated  deeply  staining  nucleus  arising  by  karyokinesis 
from  the  primitive  nucleus  of  the  spermatic  column,  and  becomes  the  head  of  the  newly- 
forming  spermatozoon. 

Each  of  these  lobules  elongates,  and  the  clearer  material  on  the  inner  side  of  the  nucleus 
grasps  in  growth  the  extremity  of  that  body  and  forms  the  middle  piece  of  the  spermatozoon, 
while  the  portion  of  the  clavate  process  lengthening  towards  the  lumen  becomes  the  tail. 
When  these  are  fully  developed,  the  cluster  of  contiguous  spermatozoa  lie  with  their  tails 
twisted  into  a  volute  projecting  into  the  lumen  of  the  tube  into  which  they  subsequently  are 
set  free  by  the  detachment  of  their  heads. 
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Between  these  columns  are  other  cells  of  varying  forms,  those  resting  on  the  lining  cells 
being  generally  clavate,  while  next  to  the  lumen  of  the  tube  in  the  intervals  between  the 
spermatozoon-forming  lobes  is  a  layer  of  ill-defined  granular  amoeboid  masses  of  protoplasm, 
seminal  cells,  the  breaking  down  of  which  produces  the  fluid  wherein  the  spermatozoa  float. 

Each  spermatozoon  is  50  /*.  long,  with  a  flattened  pear-shaped  head,  a 
rod-shaped  middle  piece,  and  a  filament  or  flagellum. 

The  interstitial  tissue  around  these  tubules  is  formed  of  fine  fascicles  of 
areolar  tissue  covered  by  flattened  endothelium,  thus  founding  a  universal  series 
of  lymph  clefts  through  the  gland.  The  capillaries  lie  in  the  angular  spaces 
between  the  tubules,  and  when  injected,  since  they  are  numerous  in  the  inter- 
stitial tissue  towards  the  surface,  they  are  described  as  forming  a  tunica  vasculosa 
beneath  the  albuginea.  There  is,  however,  no  such  layer  separate  from  the 
general  interstitial  tissue. 

The  tubuli  seminiferi  coalesce  towards  the  apices  of  the  lobules,  and  by  their 
union  they  form  shorter  narrower  tubuli  Pecti  (fig.  500),  of  which  there  are 
usually  about  160  in  a  well-formed  testis.  These  converge  towards  the  corpus 
Highmori,  which  they  enter.  Each  straight  tube  is 
about  3  mm.  long  and  0*3  mm.  in  diameter,  and  is 
lined  by  a  single  layer  of  cubical  epithelium.  When 
each  straight  tubule  enters  the  corpus  Highmori 
the  basement  layer  becomes  lost  in  the  tissue  of 
that  structure  and  its  cavity  is  continued  as  a 
tubular  epithelium-lined  excavation  in  the  tissue, 
which  divides  irregularly,  its  bi'anches  reuniting 
in  a  labyrinthine  manner,  making  the  rete  testis  % 
(fig.  502).  When  the  tubules  of  the  rete  have  reached  2 
the  surface  of  the  upper  end  of  the  corpus  Highmori  "§. 
they  again  become  distinct,  and  leave  the  gland  as  £ 
vasa  effePentia.  Of  these  there  are  about  § 
twenty,  arising  in  a  cluster  at  the  top  of  the  back 
part  of  the  gland,  and  each  vas,  straight  at  first, 
becomes  convoluted,  and  so  forms  a  conical  mass, 
whose  base  approaches  the  epididymis.  To  these 
conical  masses  of  the  efferent  ducts  the  name  COni 
vasculosi  is  given.  Each  conus  is  about  8  mm. 
long,  but  consists  of  about  15  cm.  of  tubing, 
diminishing  in  calibre  towards  the  epididymis. 
In  the  wall  of  this  tube  is  a  layer  of  circular 
smooth  muscle  cells,  and,  like  the  epididymis, 
its  lining  epithelium  is  columnar  beset  with  long 
cilia. 

The  epididymis,  which  appears  as  a  solid  mass,  can,  by  teasing,  be  resolved 
into  a  single  tortuous  tube  nearly  6  metres  long  and  0-4  mm.  in  diameter.  It 
begins  small  by  the  union  of  the  uppermost  two  coni  vasculosi,  and  receives  the 
terminal  ducts  of  the  successive  cones  at  distances  of  about  7  cm.  The  first 
two  and  a  half  metres  of  the  tube  are  coiled  and  form  the  globus  majOP,  or 
upper  end ;  the  succeeding  metre  and  half  form  the  body,  which  is  enclosed  in 
a  firm  fibrous  sheath  that  sends  in  lamellar  processes  to  support  the  successive 
coils  of  the  tube.  Its  coats  thicken  but  its  lumen  diminishes  as  it  descends, 
and  near  its  lower  end  it  often  sends  off  short  diverticula. 

The  wall  of  the  tube  of  the  epididymis  consists  of  a  strong  areolar,  a 
muscular  coat,  and  a  ciliated  columnar  epithelial  lining. 

The  globus  minOP  of  the  epididymis  lies  at  the  lower  part  of  the  testis, 
and  at  its  lower  end  its  tube  is  continued  into  the  duct  or  vas  deferens, 
which  at  first  is  wavy  and  ascends  under  cover  of  the  internal  muscular  layer 
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on  the  inner  side  of  the  back  of  the  testis,  separated  from  the  epididymis  by 
the  vessels,  but  soon  becomes  straight  and  ascends  in  the  spermatic  cord  to  the 
external  abdominal  ring,  "which  it  enters,  and,  traversing  the  inguinal  canal 
behind  the  blood-vessels,  it  enters  into  the  abdomen  through  the  internal 
ring ;  here  it  parts  company  with  the  vessels  of  the  testis  and  turns  inwards, 
winding  round  on  the  outer  side  of  the  epigastric  artery,  to  which  it  becomes 
posterior.  From  thence  it  descends  under  the  peritoneum  and  across  the 
external  iliac  artery  and  vein,  crossing  to  the  inner  side  of  the  vesical  and 
obliterated  hypogastric  artery  in  the  lateral  false  ligament  of  the  bladder,  along 
which  it  passes  to  the  back  of  that  viscus,  where  it  crosses  and  gets  internal  to  the 
ureter  and  descends,  converging  towards  its  fellow,  internal  to  the  vesicula  semin- 
alis,  to  open  by  a  common  duct  with  that  sac  into  the  prostatic  part  of  the  urethra. 
The  whole  vas  is  about  60  cm.  long  and  2*5  mm.  in  diameter.  It  is  thick- 
walled  and  cord-like,  and  consists  of  a  fibrous  areolar  coat,  a  muscular  coat 
of  external  longitudinal  and  inner  circular  fibres,  and  a  mucous  coat,  arranged 

in  longitudinal  folds,  consisting 
of  a  firm  submucous  lamella 
and  a  thin  corium,  lined  by 
columnar  nonciliated  epithe- 
lium. Where  the  tube  is  sac- 
culated and  tortuous,  as  at 
either  end,  the  mucous  mem- 
brane is  obliquely  ridged  and 
the  wall  is  beset  with  scattered 
simple  tubular  glands  ;  while  it 
is  in  the  spermatic  cord  there 
is  an  interrupted  inner  layer 
of  longitudinal  muscular  fibres 
within  the  circular. 

Close   to  the  region  of  the 
vas    deferens  there   is  a    short 
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csecal  tube,  the  vas  abenans, 
which  when  unfolded  is  about 
3  cm.  long,  and  which  is  rolled 
up  close  to  the  outer  side  of  the 
globus  minor.  The  vas  deferens 
receives  its  blood  supply  within 
the  pelvis  from  the  deferential 
branch  of  the  vesical  artery. 
There  is  a  loose-meshed  plexus 
of  non-medullated  nerves  in  its 
areolar  coat,  derived  from  the 
plexus  around  the  vesical  artery. 
The  left  vas  is  usually  about 
2  cm.  longer  than  the  right, 
and  the  coiled  part  at  each  end 
is  when  expanded  one-third  the 
length  of  the  uncoiled  part. 
246.  THE  SPERMATIC 
ARTERY  from  the  abdominal  aorta  (§  276)  divides  at  the  top  of  the  back  of  the 
testis  into  fine  branches  which  traverse  the  corpus  Highmorianum  to  break  up 
in  the  interstitial  tissue.  The  veins  are  larger  than  the  arteries  and  escape  from 
the  corpus  Highmorianum  by  several  trunks,  and  as  these  when  injected  appear 
to  surround  the  artery  like  so  many  tendrils,  they  have  been  named  the  plexus 
pampiniforme.     Those  on  the  left  are  liable  to  become  varicose  and  dilate 


Fig-  5°3-— Vertical  section  through  the  crural  arch 
and  abdominal  wall  opposite  the  middle  of  Poupart's 
ligament. 
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into  a  tumor  which  feels  like  a  bag  of  worms,  constituting  the  disease  varico- 
cele. The  pressure  of  the  sigmoid  flexure  of  the  colon,  under  which  these  veins 
pass,  is  a  powerful  factor  in  producing  this  condition. 

The  lymphatics  of  the  testis  are  very  numerous,  arising  in  the  lymph  clefts 
among  the  tubes  and  becoming  tubular  with  definite  walls  as  they  traverse  the 
corpus  Highmorianum.  They  ascend  with  the  veins  in  the  cord  and  first 
reach  a  lymphatic  gland  in  the  iliac  fossa. 

The  nerves  form  a  close  plexus  on  the  spermatic  artery.  They  have  been 
traced  into  the  interstitial  tissue,  but  their  mode  of  ending  is  unknown. 

247.  SUB-PERITONEAL  TISSUES.— Divide  the  transversalis  fascia  about  3  cm. 
above  Poupart's  ligament,  and  separate  it  from  the  underlying  sub-peritoneal  areolar  tissue. 
Along  the  iliac  crest  and  Poupart's  ligament  external  to  the  femoral  vessels  its  lower  margin 
is  attached  to  the  fascia  covering  the  iliac  muscle  (f.  iliaea — tig.  503),  the  line  of  junction 
appearing  as  a  white  line  of  amalgamation,  closely  connected  to  Poupart's  ligament.  In  front 
of  the  femoral  vessels  the  fascia  transversalis  is  prolonged  for  a  short  distance  downwards  into 
the  thigh  behind  Poupart's  ligament,  merging  below  in  the  sheath  of  the  vessels.  Internal  to 
the  vessels  it  is  attached  to  the  pubis  behind  the  conjoined  tendons,  and  descends  into  the 
pelvis. 

The  tissue  between  the  transversalis  fascia  and  the  back  of  the  pubes  in  front  of  the 
bladder  is  lax,  and  can  be  easily  broken  down  by  the  finger,  leaving  a  space,  the  eavum 
ppa^pePitoneale.  In  the  foetus  the  bladder  is  placed  on  the  anterior  wall  of  the  abdomen, 
and  it  is  not  until  the  pelvic  cavity  develops  that  the  organ  sinks  from  its  earlier  place,  iuto 
which,  when  over-distended,  it  can  partially  rise  again.  We  have,  however,  in  the  deficient 
hinder  wall  of  the  rectal  sheath,  a  trace  of  the  original  situation  of  the  viscus,  the  upper 
border  of  which  is  marked  by  the  semilunar  line  of  Douglas. 

The  anatomy  of  the  abdominal  wall  is  surgically  important  on  account  of  the  frequency  of 
the  occurrence  of  hernia.  A  hernia  is  the  protrusion  of  an  organ  out  of  its  natural  cavity, 
and  the  commonest  sorts  of  abdominal  hernias  are  three — inguinal,  along  the  spermatic  cord; 
femoral,  on  the  inside  of  the  femoral  vein  ;  and  umbilical. 

The  sub-peritoneal  areolar  layer  consists  of  loose  connective  tissue  and  fat. 
It  is  thicker  and  tougher  opposite  the  internal  abdominal  ring,  whei*e  it  is 
called  the  fascia  propria 

of  Cooper.     By  careful  umbilicus. 

dissection  at  this  place, 
the  delicate  cord-like 
trace  of  the  original 
peritoneal  prolongation 
along  the  spermatic 
cord  may  be  seen. 

248.  INGUINAL 
POUCHES. —On     re- 

moving  the  sub-peri- 
toneal fatty  tissue,  three 
obliterated  tubes  can 
be  seen,  as  solid  white 
cords,  ascending  on  the 
front  wall  of  the  ab- 
domen, and  converging 
towards  the  umbilicus ; 
the  central  of  these  is 
the  urachus,  continuous 
from  the  fundus  of  the 
bladder  to  the  umbilicus ;  and  on  each  side  is  the  hypogastric  artery.  Between 
these,  on  each  side,  is  a  triangular  space  with  its  apex  above  and  its  base  below 
at  the  pubes  and  Poupart's  ligament,  wherein  the  peritoneum  bulges  slightly 
forwards,  the  internal  inguinal  pOUCh  of  peritoneum,  which  lies  directly 
behind  the   superficial  abdominal  ring.      A   hernia  which   protrudes    in   this 
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504. — Diagram  of  abdominal  wall,  showing  the  position 
of  the  inguinal  pouches  and  abdominal  rings. 
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space  is  a  direct  inguinal  hernia.  External  to  the  hypogastric  artery,  and  nearly 
parallel  to  it,  lies  the  epigastric  artery. 

Occasionally  a  middle  inguinal  pOUCh  bulges  between  the  epigastric 
and  hypogastric  vessels,  and  sometimes,  though  rarely,  a  hernia  leaves  the 
abdominal  cavity  in  this  place  to  burst  through  the  conjoined  tendon,  and  thus 
to  enter  the  inguinal  canal.  Such  a  hernia  has  the  epigastric  artery  to  its 
outer,  and  the  hypogastric  cord  to  its  inner  side ;  and  is  called  a  superior  direct 
hernia. 

External  to  the  line  of  the  epigastric  artery,  the  peritoneum  bulges  a  little 
forwards  in  a  triangle  whose  base  is  at  Poupart's  ligament,  whose  inner  side  is 
the  epigastric  artery,  and  whose  outer  side  is  an  imaginary  line  drawn  from  the 
superior  iliac  spine  to  the  umbilicus.  This  external  inguinal  pOUCh 
corresponds  to  the  deep  abdominal  ring  (fig.  504,  ir),  and  a  hei^nia  protruding 
in  this  region  is  an  oblique  inguinal  hernia  (the  commonest  form)  having  the 
epigastric  artery  on  its  inner  side. 

(The  student  should  here  replace  the  layers  of  the  abdominal  wall  and  review.the  parts 
bounding  the  inguinal  canal.) 

249.  PERITONEAL    ELEMENT    OF    THE    ANTERIOR   ABDOMINAL   WALL.— 

Dissect  off  the  remainder  of  the  sub-peritoneal  tissue  so  as  to  expose  the  outer  surface  of  the 
peritoneum,  which  is  the  largest  serous  sac  in  the  body,  and  consists  of  a  layer  of  endothelium 
on  a  thin,  but  very  elastic  connective  tissue  basis.  Its  cavity  is  to  be  opened  by  making  five 
radial  incisions  from  the  umbilicus— one  to  the  metasternum,  one  to  the  cartilage  of  the  twelfth 
rib  oil  each  side,  one  to  the  superior  iliac  spine  on  one  side,  and  one  to  the  middle  of  Poupart's 
ligament  on  the  opposite  side.  By  reflecting  these  flaps  of  parietal  peritoneum  the  cavity  is 
biid  open.  The  appearance  of  the  inguinal  pouches,  aud  the  faint  superior  digital  fossa 
which  corresponds  to  the  deep  abdominal  ring,  should  be  noticed  as  they  appear  on  the 
inside. 

Note  also  the  appearance  of  the  inferior  digital  fossa  below  Poupart's  ligament  and 
internal  to  the  femoral  vein,  corresponding  to  the  upper  opening  of  the  femoral  canal. 

In  the  right  upper  flap  the  obliterated  umbilical  vein  cau  be  traced  through  a  special 
canal  of  fascia  transversalis  (Rich et's  fascia)  open  above,  and  passing  from  thence  into  a  fold 
of  peritoneum  with  a  free  border  directed  downwards.  In  this  fa  Inform  ligament,  it  ascends 
to  the  liver  surrounded  by  small  fatty  processes.  Below,  the  urachus  and  hypogastric 
arteries  often  lie  in  special  folds  (plicm  iirachi  et  umbilicales),  and  occasionally  the  epigastric 
artery  is  in  a  similar  fold  (plica  eplgastrica). 

250.  THE  ABDOMINAL  CAVITY  is  roofed  above  by  the  diaphragm, 
bounded  below  by  the  floor  of  the  pelvis,  bounded  anteriorly  by  the  soft  wall, 
whose  parts  have  been  just  examined,  laterally  by  the  iliac  alse  and  the  mtiscles 
between  the  ribs .  and  ilium,  behind  by  the  vertebrae  and  lumbar  muscles. 
The  pelvis  is  not  a  separate  cavity,  but  only  the  lowest  part  of  the  abdomen. 

Before  proceeding  to  the  particular  study  of  the  contents  of  the  cavity,  it  is 
desirable  to  get  a  general  view  of  the  viscera  and  their  connections.  Above, 
the  liver  is  seen  beneath  the  ribs  on  the  right  side,  with  its  thin  border  in 
front  and  with  the  fundus  of  the  gall-bladder  projecting  at  its  anterior  edge; 
from  its  lower  surface  a  fold  of  peritoneum,  the  lesser  omentum,  descends 
to  the  upper  edge  of  the  stomach,  which  lies  below  and  to  its  left  side,  and 
which  appears  in  the  newly  opened  abdomen  bulging  to  the  left  side  below 
the  metasternum  with  the  great  omentum  pendent  therefrom  like  a  wide 
loose  apron,  containing  fat  and  vessels,  and  concealing  all  the  underlying  parts 
except  certain  convolutions  of  small  intestine  to  the  left  and  below.  On  tracing 
the  lesser  omentum  to  the  right  between  the  gall-bladder  and  the  right  end 
of  the  stomach,  it  will  be  found  to  end  in  a  free  border,  behind  which  the  finger 
slips  into  an  opening  directed  to  the  left,  the  foramen  of  WinslOW,  having 
the  liver  above  it,  and  the  first  part  of  the  intestine  (duodenum)  arising 
from  the  stomach  below  it.  The  cavity  whereinto  this  opening  leads,  is  the 
bag"  Of  the  Omentum.  Leftward,  above  and  behind  the  stomach,  is  the 
Spleen,  below  which  is  a  shelf-like  fold  of  peritoneum,  the  pleurOCOlic  fold. 
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When  the  great  omentum  is  raised  up  towards  the  ribs  a  large  sacculated 
intestine,  the  transverse  colon,  is  seen  to  cross  in  its  deep  surface  from  right 
to  left,  forming  below  the  spleen  a  sharp  splenic  flexure  as  it  turns  downwards 
into  the  left  lumbar  region  in  front  of  the  kidney  (whose  edge  bulges  to  its 
inner  side).  Entering  the  left  inguinal  region,  the  gut  is  coiled  several  times 
in  a  sinuous  fold,  the  sigmoid  flexure,  and  is  finally  traceable  into  the  pelvis  in 
front  of  the  sacrum  to  end  in  the  rectum. 

If  the  transverse  colon  be  traced  rightwards  from  the  middle  line,  it  is  seen 
to  ascend  under  the  liver,  where  it  turns  sharply  downwards,  forming  the 
hepatic  flexure.  From  this  point  it  can  be  traced  downwards  in  the  right 
lumbar  region  to  the  right  iliac  fossa,  where  it  slightly  dilates,  forming  the 
C3BCUH1.  From  this  two  tubes  are  traceable,  one  minute,  short,  and  blind 
(the  vermiform  appendix),  about  the  size  of  a  quill  and  to  cm.  long,  the 
other,  the  small  intestine,  a  convoluted  tube,  6-8  metres  long,  attached 
to  the  spine  by  a  plaited  fold,  the  mesentery,  as  far  as  the  left  side 
of  the  epigastric  region,  where  it  again  forms 
a  sharp  tm*n  and  becomes  continuous  with  the 
duodenum,  sinking  out  of  view  by  burrowing 
through  the  attached  part  of  the  mesentery  and 
descending  to  a  point  on  the  right  side  leftward  of 
the  caecum  from  whence  it  ascends,  still  deeply 
placed  behind  the  hepatic  flexure  of  the  colon  to 
join  the  stomach  below  the  foramen  of  Winslow. 
Of  this  small  intestine  the  two-thirds  nearest  the 
caecum  is  called  ileum,  the  upper  third  joining  this 
to  the  duodenum  is  the  jejunum. 


dorsal  vessel 


vessel. 


Pig.  505. — Primitive  arrange- 
ment of  peritoneum  on 
mesocUeum.  The  thick  black 
line  is  peritoneum. 


251.  PERITONEUM.— The  serous  lining  of  the  abdomen 
is  derived  from  the  lining  of  the  ccelom  (p.  8),  and  is 
reflected  around  the  different  viscera  as  a  continuous  layer. 
On  account  of  the  complexity  of  arrangement  of  the  viscera 
this  continuity  is  not  easily  traced,  but  it  becomes  intelligible 
when  the  growth  of  the  organs  is  understood. 

In  the  primitive  embryonic  abdominal  cavity  the  hypoblastic  tube  or  metodceum  (fig.  505) 
is  slung  to  the  vertebral  column  by  a  continuous  vertical  mesogastric  fold,  which  extends  to 
the  ventral  wall  of  the  cavity  above  and  below  the  umbilicus.  The  ccelom  of  the  abdominal 
region  is  thus  divided  above  and  below  the  umbilicus  into  two  lateral  parts,  and  the  primitive 


posterior. 


posterior. 


anterior. 


Fig.  506. — Diagram  of  section  of  embryonic 
abdomen  above  the  umbilicus. 


anterior. 
Fig.  507.— Diagram  showing  change  of  position 
of  stomach  whereby  its  right  side  becomes 
omental  and  its  left  becomes  anterior. 


serous  fold  consists  of  three  parts,  the  continuous  dorsal  mesentery  between  the  mesodseum 
and  the  spine,  a  superior  ventral  mesentery  between  the  mesodeeum  and  the  ventral  wall 
above  the  umbilicus,  and  an  inferior  ventral  mesentery  below  the  umbilicus.     In  the  free 
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edge  of  the  former  ventral  mesentery  (rig.  506,  /aid/,  ligt.)  is  the  surviving  left  umbilical 
vein,  in  the  free  edge  of  the  latter  is  the  urachus  or  pedicle  of  the  allantois. 

The  liver  devclopes  in  the  upper  ventral  mesentery,  and  its  connections  with  the  great  veins 

close  to  the  heart,  cause  it  to  rise  above  and  to  the  right  of  the  differentiating  stomach,  and 

v  thereby  to   fix  the  duodenum  from 

"^P    gastro  splenic  omentum, 


splenic 
ligament. 


which  it  has  been  an  outgrowth 
(p.  15).  On  this  account  the 
stomach,  as  it  enlarges,  is  made  to 
rotate  around  its  vertical  axis,  its 
vertebral  or  convex  border  being 
turned  forwards,  while  its  ventral 
concave  edge  is  turned  backwards 
(rig.  507).  Owing  to  this  rotation, 
its   nasogastric   serous  attachment 


Fig.  508. — Diagram  of  sagittal  section  of  primitive 
stomach  and  great  omentum — a,  d,  is  the  line  of 
section  shown  in  fig.  506. 


Fig.  509.  — Diagram  illustrating  the 
mode  of  Jooping  of  the  intestinal 
canal. 


is  pulled  out  from  the  spine  as  a  long  and  doubled  fold,  the  great  omentum,  while  its 
ventral  mesentery  has  become  subdivided  by  the  development  of  the  liver  into  gastro- 
hepatic  and  hepato-parietal  parts.  As  a  result  of  this  rotation,  the  original  left  side  of  the 
stomach  becomes  its  foremost  and  the  right  side  its  hindmost  surface. 

The  connection  of  the  duodenum  to  the  liver  holds  up  that  portion  of  the  mesodceum, 
and  in  consequence  the  stomach  as  .  . 

it  elongates  is  bent  around  its  sagittal  ^radius.        hypogastric  ana y. 

axis.      The   serous   envelope  which  ,,^»— ■0"—~T"""™"^**^»'-^r' cPl9as^ri('  ari"iy- 

originally  lay  on   its   right   side  is 


posterior. 


sacrum. 

Fig.  510. — The  dotted  line  represents  Fig.  511.  — Section  of  abdomen  on  the  level  of  the 
the  peritoneum  as  seen  in  section  crest  of  the  ilium.  Diagram  of  the  course  of  the 
along  the  brim  of  the  pelvis.  peritoneum. 

now  turned  behind  it,  and  appears  as  the  lining  of  a  sac,  whose  orifice  is  constricted  by 
the  uprising  of  the  duodenum,  and  which  appears  in  the  adult  as  the  foramen  of  Winslow. 
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The  lengthening  of  the  coil  of  small  intestine  produces  a  modification  in  its  peritoneal 
investment.  The  tube,  elongating  between  two  fixed  points  (v  and  r,  fig.  509),  becomes 
twisted  on  itself  at  one  spot  a  little  below  the  stomach,  and  at  that  point  the  lower  portion 
of  the  twist  passes  in  front  of  the  upper  and  lifts  the  peritoneum  from  its  ventral  surface. 
The  loop  thus  formed  elongates  rapidly  but  unecpially,  both  above  and  below  the  umbilical 
pedicle,  and  as  a  consequence  the  vessels  which  supply  the  part  of  the  intestine  which  is 
superficial  pass  over  the  hinder  limb  of  the  loop  at  the  point  of  crossing. 

These  two  peculiarities,  the  rotation  of  the  stomach  and  the  looped  crossing  of  the 
intestine,  constitute  the  only  difficulties  in  the  clear  understanding  of  the  course  of  the 
peritoneum. 

The  easiest  method  of  tracing  the  course  of  the  pei'itoneum  in  the  adult  is  to  follow 
along  several  lines  of  ideal  section.  The  simplest  line  is  that  along  the  brim  of  the  pelvis 
(fig.  510).  Here  the  parietal  layer  passes  along  the  ilio-pectineal  line  forwards  towards  the 
pubes,  crossing  the  top  of  the  bladder  or  urachus  as  it  goes  from  side  to  side,  leaving  the 
abdominal  wall  at  the  left  sacro-iliac  synchondrosis  to  pass  forwards  and  surround  the 
sigmoid  colon  seen  here  in  section,  then  returning  to  the  spine  it  is  continued  around 
the  front  of  the  sacrum  to  the  point  of  starting. 

If  in  like  manner  we  trace  it  in  a  transverse  section  of  the  abdomen  at  the  level  of  the 
iliac  crest  (fig.  511),  the  membrane  can  be  followed  from  the  medio- ventral  line  rightwards 
as  it  lines  tue  abdominal  wall  as  far  as  the  commencement  of  the  ascending  colon,  here  it 
passes  in  front  of  the  intestine,  returning  to  the  abdominal  wall  on  its  left  side  to  project 
again  as  the  right  lamina  of  the  lower  part  of  the  mesentery  to  surround  the  lower  portion 
of  the  ileum.  Returning  thence  as  the  left  lamina  of  the  mesentery,  it  crosses  the  hinder 
wall  of  the  abdomen  to  the  left  to  be  again  reflected  forwards  in  a  third  fold  to  surround 
the  left  colon,  leftward  of  which  it  returns  to  the  abdominal  wall,  on  which  it  is  continuous 
forwards  to  the  point  of  starting. 

If  we  now  rise  to  a  higher  level,  and  trace  the  membrane  as  it  appears  on  the  plane  of  the 
twelfth  dorsal  vertebra  (fig.  512),  the  arrangement  is  of  a  similar  kind,  but  a  little  more  com- 
plicated. Starting  the  tracing  in  the  ventral  median  line  the  edge  of  the  cut  peritoneum 
can  be  followed  to  the  left,  lining  the  abdominal  wall  and  the  edge  of  the  diaphragm  back 
nearly  as  far  as  the  spine, 
whence  it  is  reflected  forwards 
on  the  back  and  left  side  of 
the  spleen.  It  covers  this 
viscus  to  its  anterior  margin 
and  nearly  the  front  half  of 
its  right  surface,  and  is  from 
thence  reflected  rightwards 
to  the  left  end  of  the  stomach, 
and  is  continued  over  the 
anterior  surface  of  that  organ 
to  its  concave  margin,  and  can 
be  traced  rightwards  beyond 
that  margin  for  a  short  dis- 
tance, forming  the  front  layer 
of  the  lesser  omentum  until 
it  reaches  the  great  vessels 
ascending  to  the  liver.  Having 
passed  in  front  of  these  it 
suddenly  turns  on  itself  and 
passes  leftwards  behind  these 
vessels,  forming  a  hinder  layer 
for  the  lesser  omentum,  reach- 
ing the  concave  edge  of  the  stomach  on  this  returning  course,  it  passes  behind  that  organ, 
investing  its  posterior  surface  to  its  convex  edge,  and  from  thence  is  continued  leftwards  to 
the  spleen,  on  reaching  which  organ  it  passes  back  to  the  hinder  wall  of  the  abdomen. 
Here  it  again  turns  rightward,  fixing  the  pancreas  against  the  vertebral  wall  of  the  abdomen, 
and  continuous  to  the  right,  forming  the  hinder  limit  of  the  foramen  of  Winslow,  and  finally 
reaching  the  abdominal  wall  on  which  it  continues  to  the  point  at  which  the  tracing  was 
begun. 

In  this  section  it  is  to  be  noticed  that  the  part  of  the  peritoneum  which  lies  behind  the 
stomach  appears  to  form  a  separate  second  pouch,  but  is  really  that  which  originally  lay  on 
the  right  side  of  the  stomach  when  it  was  a  median  organ.  By  passing  the  finger  through 
the  foramen  of  Winslow,  it  will  be  found  that  the  sac  of  the  omentum  expands  upwards 
behind  the  liver,  and  downwards  behind  the  stomach  into  the  folds  of  the  great  omentum, 
but  as  the  opening  of  communication  between  this  sac  and  the  rest  of  the  peritoneum  has 
become  so  restricted  by  the  growth  of  the  parts  around  it,  so  in  any  other  section  involving 


Posterior. 


Fig.  512. — Arrangement  of  peritoneum  in  transverse  section 
opposite  the  twelfth  dorsal  vertebra. 
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the  omental  cavity,  the  connection  between  the  omental  pouch  and  the  general  abdominal 
cavity  is  not  apparent,  and  the  lines  of  cut  membrane  appear  independent. 

The  omental  pouch  is  hourglass-shaped,  being  medially  constricted  on  the  plane  of  the 
upper  edge  of  the  stomach.  This  can  be  shown  by  opening  the  lesser  omentum  above  the 
concave  edge  of  the  stomach  (taking  care  not  to  cut  any  of  the  contained  vessels),  and  draw- 
ing the  stomach  a  little  downwards  and  forwards,  the  cavity  now  opened  (the  lesser  omental 
sac)  communicates  with  the  lower  and  larger  great  omental  sac  by  a  mesomental  opening 
of  variable  size,  whose  margins  leftwards  and  rightwards  project  as  two  usually  crescentic 
folds,  the  left  and  right  pancreatico-gastric  folds.  In  the  left  pancreatico-gastric  fold  is  con- 
tained the  gastric  artery,  in  the  right  are  the  hepatic  artery,  vena  portse,  and  hepatic  duct, 
the  former  is  generally  the  sharper  and  more  prominent. 

We  are  now  in  a  position  to  understand  the  appearances  seen  in  a  median  sagittal  section 
through  the  abdominal  cavity.     Starting  in  such  a  section  at  the  umbilicus,  the  peritoneum 
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descends  to  the  pubis,  where  it  leaves  the  abdominal  wall  to  cover  the  back  of  the  bladder 
and  sinks  into  a  recto-vesical  pouch  between  that  organ  and  the  front  of  the  rectum. 

From  the  upper  part  of  the  rectum  the  membrane  ascends  on  the  abdominal  wall  as  far  as 
the  under  side  of  the  superior  mesenteric  artery,  along  which  it  is  continued  forwards  to  the 
small  intestine  which  it  encloses,  and  is  reflected  backwards  on  the  upper  surface  of  the 
superior  mesenteric  artery  to  the  spine,  which  it  reaches  close  to  the  lower  part  of  the 
duodenum,  which  it  fixes  against  the  abdominal  wall.  From  this  point  it  is  reflected  again 
as  the  under  layer  of  the  transverse  meso-colon  as  far  as  the  transverse  colon,  having  here  the 
under  side  of  the  omental  bag  in  contact  with  its  upper  surface ;  hence,  at  this  point,  it 
appears  bilaminar,  the  omental  layer  separating  from  it  when  it  reaches  the  colon,  and 
passing  above  it.  while  the  primitive  layer  which  we  are  tracing  passes  below  it.  In  front  of 
the  colon,  however,  these  two  layers  again  come  in  contact,  and  descend  together,  forming 
the  posterior  lamina  of  the  great  omentum,  and  these  having  reached  the  free  edge  of  that 
fold,  turn  up  together  as  the  anterior  lamina  of  the  great  omentum,  until  they  meet  the 
convex  edge  of  the  stomach.  Here  again  these  two  layers  separate,  the  anterior  layer  passing 
in  front  of  the  stomach,  while  the  omental  layer  lies  behind  it ;  they  again  come  in  contact  at 
the  concave  edge  of  the  stomach,  and  ascend  together,  forming  the  lesser  omentum  to  the 
under  surface  of  the  liver.  Here  they  finally  part  company,  the  pi-imitive  lamina  passing 
forwards,  clothing  the  front  of  the  under  surface  of  the  liver,  its  thin  edge  and  its  upper 
surface,  nearly  to  its  hinder  margin,  whereat  it  is  reflected  on  the  diaphragm,  and  is  thence 
continuous  forwards  on  the  abdominal  wall  to  the  point  at  which  our  tracing  began.  The 
omental  layer,  on  the  other  hand,  covers  the  Spigelian  lobe  of  the  liver,  is  thence  reflected 
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on  the  back  wall  of  the  abdomen  on  which  it  descends  to  the  point  where  we  first  met  it  at 
the  transverse  mesocolon.  In  this  section  for  the  obvious  reasons  already  mentioned,  the 
relations  of  continuity  between  the  omental  and  the  general  layers  of  peritoneum  are  not 
apparent,  but  will  be  seen  by  comparing  this  diagram  with  that  of  the  transverse  section 
through  the  foramen  of  Winslow. 

If  the  organs  of  the  abdomen  be  removed  by  cutting  across  the  various  peritoneal  folds 
at  the  points  where  they  leave  the  abdominal  wall,  the  appearance  of  the  cut  edge  of  the 
membrane  seen  would  be  that  shown  in  the  diagram.  In  this  dissection  the  hinder  limb  of 
the  loop  of  intestine  (duodenum),  which  is  pressed  back  against  the  abdominal  wall,  is  seen 
cut  above  and  below,  and  the  continuity  of  what  was  the  original  line  of  attachment  of  the 
mesogastric  fold  is  on  that  account  complicated  by  the  parietal  reflection  of  the  peritoneum 
within  the  long  intestinal  loop  to  the  right  side ;  the  various  lateral  projections  from  the  area 
of  attachment  of  the  mesogastric  fold  are  mostly  determined  by  the  presence  of  blood- 
vessels. 

The  folds  of  peritoneum  which  pass  from  the  abdominal  wall  to  the  intestines  are  named 
froni  the  viscera  to  which  they  are  severally  attached.  Folds  passing  from  one  viscus  to  the 
other  are  limited  to  those  forming  parts  of  the  wall  of  the  secoudary  pouch,  and  are  called 
Omenta    from    their    historical   connection    with    extispicious    augury.      Folds    from    the 
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Fig.  514. — Diagram  of  peritoneum  in  ver- 
tical sagittal  section  in  the  female. 


Fig.  515. — Diagram  of  hinder  wall  of  the 
eviscerated  abdomen,  showing  the  lines 
of  peritoneal  reflection. 


abdominal  wall  to  solid  organs  are  called  ligaments.  Abdominal  organs  differ  in  tbe 
amount  of  their  peritoneal  investment ;  some,  like  the  small  intestines  and  sigmoid  colon,  being 
covered  except  at  one  border,  the  on-  and  off-going  layers  being  closely  approximated  at  the  Hue 
of  reflection,  only  allowing  a  narrow  intermediate  line  for  the  passage  of  vessels.  The  spleen 
is  nearly  as  well  covered,  but  its  peritoneal  reflections  are  double — one,  the  bilaminar 
gastPO-Splenie  omentum  in  front  containing  the  vasa  brevia  and  left  gastro-epiploic 
artery,  the  second  or  ligamentum  lienale  containing  the  splenic  artery  and  vein  between 
its  layers.  It  should  be  noted  that  the  hinder  layer  of  the  gastro-splenic  omentum  and  the 
right  layer  of  the  ligamentum  lienale  are  formed  of  the  left  wall  of  the  omental  sac,  and  as 
this  does  not  extend  up  as  far  as  the  top  of  the  spleen,  there  is  a  short  space  at  the  upper 
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part  of  the  organ,  at  which  the  front  layer  of  the  gastro-splenic  omentum  comes  in  contact 
with  the  hack  layer  of  the  ligament,  making  the  phreno-splenie  ligament. 

The  caecum  is  usually  completely  covered  with  peritoneum. 

Other  organs,  such  as  the  ascending  colon,  some  parts  of  the  descending  colon,  and  the 
upper  part  of  the  rectum,  are  covered  except  at  one  wide  strip  or  border,  the  off-  and 
on-going  layers  of  peritoneum  not  being  contiguous. 

In  a  third  group  the  peritoneum  is  reflected  on  at  one  border  and  off  at  another.  This 
is  seen  in  the  transverse  colon  and  stomach.  The  former  receives  its  two  layers  as  the  lesser 
omentum  above  and  gives  them  off  as  the  greater  omentum  below,  the  uncovered  areas  being 
only  the  margins,  and  the  small  space  between  the  layers  of  the  left  pancreatico-gastric 
fold. 

The  omenta  are  peculiar  in  structure,  being  more  vascular  than  the  rest  of  the  peri- 
toneum, and  always  fenestrated,  the  holes  being  oval,  separated  either  by  narrow  single 
bands  of  fibres  or  by  broader  bands,  containing  vessels,  lymph  spaces,  and  fat.  The  edges  of 
these  holes  are  covered  by  endothelium ;  single  endothelial  cells  often  enwrap  the  smaller 
bands.     The  greater  omentum  has  usually  much  fat  in  its  substance. 

The  relations  of  the  transverse  colon  to  the  posterior  layers  of  the  great  omentum  differ 
according  to  the  sagittal  plane  in  which  it  is  examined.     At  all  periods  of  life  the  arrange- 


Fig.  516. — Relation  of  colon  to  omentum. 

ment  above  described  is  seen  in  all  sections  in  the  median  plane  and  rightwards  from  that 
plane;  the  colon  is  included  between  the  omental  and  primitive  layers,  as  in  fig  516,  A. 
Leftward  of  the  median  line,  the  colon  is  seen  to  drop  below  the  omental  layer,  the  outer 
primitive  layer  of  peritoneum  covering  more  and  more  of  the  surface  of  the  intestine,  so  that 
close  to  the  splenic  flexure,  especially  in  the  fcetus,  the  colon  is  completely  surrounded  by  a 
special  mesentery  ( ib.,  B).  This  at  first  is  simply  a  pendant  from  the  under  side  of  the  omental 
layer,  but  towards  the  left  it  becomes  finally  separate,  the  angle  of  reflection  dipping  towards 
the  posterior  wall  of  the  abdomen  (ib.,  C),  forming  an  omentO-COlie  fold  [o.cf.).  In  the 
course  of  growth  this  portion  does  not  usually  continue  separate,  but  gradually  becomes 
drawn  up  towards  the  left  side,  and  the  separate  mesocolic  fold  for  the  most  part  disappears, 
but  not  by  adhesion  except  in  very  rare  cases. 

The  liver  is  covered  by  peritoneum  except  at  two  irregular  areas.  Below,  the  peri- 
toneum of  the  lesser  omentum  is  reflected  on  it  along  the  transverse  fissure  and  the  hinder 
half  of  the  longitudinal  fissure.  Behind,  the  peritoneum  is  reflected  from  it  on  the  diaphragm 
along  its  entire  hinder  border.  At  each  end  of  this  margin,  there  is  only  a  linear  area  of  the 
gland  uncovered,  as  the  layers  reflected  from  the  upper  and  lower  surfaces  of  the  liver  on  the 
diaphragm  are  in  contact,  and  these  parts  are  called  the  right  and  left  lateral  ligaments 
of  the  liver.  In  the  middle,  however,  there  is  a  wide  space  of  the  hinder  surface  of  the  liver 
between  the  upper  and  lower  layers  of  peritoneum,  and  this  portion  of  the  reflection  is  called 
the  coronary  ligament.  The  surviving  portion  of  the  upper  ventral  mesentery  which 
crosses  the  upper  surface  of  the  liver  is  the  falciform  ligament,  which  carries  the  obli- 
terated umbilical  vein  in  its  free  border.  In  this  fold  are  the  traces  of  the  original  prehepatic 
abdominal  veins  as  well  as  lymphatic  and  other  vessels. 

The  pancreas  and  kidneys  are  only  covered  by  peritoneum  on  their  ventral  surface.  The 
left  suprarenal  capsule  is  often  totally  uncovered,  the  peritoneum  being  lifted  from  it,  as  it 
is  sometimes  from  a  portion  of  the  middle  stage  of  the  duodenum. 

The  middle  third  of  the  rectum  is  only  covered  with  peritoneum  on  its  anterior  wall. 
The  bladder  is  covered  for  the  whole  of  its  posterior,  superior,  and  the  hinder  ha'f  of  each 
lateral  surface.     The  distance  to  which  the  reetO-Vesical  pOUCh  descends  is  somewhat 
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variable,  and  the  student  should,  by  passing  one  finger  into  the  rectum  and  the  other  in  the 
pouch,  familiarise  himself  with  the  peritoneal  relations  of  these  viscera  in  as  many  subjects 
as  possible. 

False  ligaments  of  blad-  ,  38  3?   xu  E«r»ixiriri    «    » 

deP. — The  border  of  reflection 
of  the  peritoneum  from  the 
bladder  is  a  continuous  one,  but 
in  the  medio-ventral  line  where 
the  urachus  projects,  there  is  a 
special  fold  of  the  membrane 
around  that  cord  which  is  called 

the  superior  false  ligament 

of  the  bladder. 

When  this  organ  is  partially 
distended,  the  peritoneum  on  its 
hinder  surface  at  each  side  of 
the  recto-vesieal  pouch  forms  a 
prominent     falciform     fold,    the 

posterior  false  ligament,  in 

whose  pelvic,  attachment  the 
ureter  is  enclosed. 

The  continuous  reflection  of 
peritoneum  between  the  superior 
and  posterior  false  ligaments  on 
each  side  is  sometimes  called  the 

lateral  false  ligament.  These 

have  no  distinct  limits,  and  under 
this  portion  of  peritoneum  on  each 
side  lie  the  vas  deferens,  vesical 
artery,  and  the  obliterated  hypo- 
gastric artery. 

In  the  female  there  is  a  recto- 
Uterine  pouch  (fig.  514)  in  place 
of  the  recto-vesical,  in  which  the 
peritoneum  dips  downward  to 
cover  the  entire  posterior  uterine 
surface,  and  the  upper  fifth  of  the 
hinder  wall  of  the  vagina.  On 
each  side,  it  is  reflected  from  the 
uterus  in  the  form  of  the  broad 
ligament  which  contains  the 
Fallopian  tube,  round  ligament, 
and  the  ovary.  From  the  an- 
terior surface  of  the  uterus, 
which,  except  the  anterior  lip  of 
the  cervix,  is  covered  with  peri- 
toneum, it  is  reflected  on  the  back 
of  the  bladder  and  thence  on  the 
abdominal  wall. 

252.      ABDOMINAL 

VISCERA.  —  The  organs 
contained  in  the  abdominal 
cavity  are  the  digestive, 
urogenital,  and  blood-glands. 
The  digestive  organs  are  two- 
fold, the  alimentary  tube  and 
the  glands  appended  thereto. 
These  parts  are  now  to  be 
studied  in  order. 

The  oral  end  of  the  alimen- 
tary canal  (mouth  and  pharynx) 
is  described  in  connection   with 
the  parts  in  the  neck  (§  450,  et  seq. 
to  commence  our  description  of  the  hollow  digestive  organs  withlhe  oesophagus,  although  that 


Fig-  5I7- — Back  view  of  pharynx  and  oesophagus — 1, 
pharyngeal  spine ;  2,  sinus  of  Morgagni ;  3,  superior 
constrictor ;  4,  sympathetic ;  5,  internal  carotid ;  6, 
mastoid  cells  ;  7,  occipital  artery  ;  8,  digastric  muscle  ; 
9,  sternomastoid  ;  10,  vagus  nerve;  11,  jugular  vein; 
12,  thyroid  body;  13,  recurrent  laryngeal  nerve; 
14,  inferior  thyroid  artery ;  15,  inferior  cervical  sym- 
pathetic ganglion ;  1 6,  subclavian  artery  ;  1 7,  internal 
mammary  artery  ;  iS,  loop  of  recurrent  laryngeal;  19, 
superior  lobe  of  right  lung  ;  20,  posterior  pulmonary 
plexus  ;  21,  trunk  of  right  vagus  ;  22,  inferior  lobe  of 
right  lung  ;  23,  diaphragm  ;  24,  dorsal  aorta ;  25,  left 
vagus;  26,  left  subclavian;  27,  left  inferior  thyroid; 
28,  sympathetic ;  29,  left  carotid ;  30,  inferior  con- 
strictor of  pharynx;  31,  middle  constrictor;  32,  angle 
of  jaw;  33,  superior  cervical  sympathetic  ganglion;  34, 
internal  pterygoid  ;  35,  stylohyoid;  36,  sternomastoid: 
37,  digastric;  38,  styloid  process ;  39,  stylopharyngeus ; 
40,  sympathetic  ;  41,  rectus  capitus  anticus  major. 

It  is,  however,  of  advantage,  for  the  sake  of  continuity, 
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organ  cannot  be  dissected  until  the  posterior  mediastinum  is  opened,  and  the  dissector  of 
the  abdomen  may  not  be  able  to  examine  it  until  a  later  stage. 

253.  THE  (ESOPHAGUS,  the  continuation  of  the  pharynx,  is  about 
25  cm.  long,  and  begins  in  the  middle  line,  at  the  lower  border  of  the  cricoid 
cartilage  opposite  the  sixth  cervical  vertebra.  It  descends  thence  in  front  of 
the  spine  to  end  in  the  stomach  opposite  the  upper  border  of  the  eleventh 
dorsal  vertebra.  It  is  the  narrowest  part  of  the  digestive  canal,  and  is  variable 
in  calibre,  being  most  constricted  opposite  the  fourth  dorsal  vertebra,  and  also 
very  narrow  opposite  the  diaphragm.  It  appeal's  in  section  as  a  cord  rather 
than  as  a  tube,  its  linear  stellate  lumen  being  scarcely  visible,  and  only  open 
when  material  is  passing  through  it.  During  life,  and  in  rigor  mortis,  it 
appears  as  a  roundish  cord,  11  mm.  in  diameter,  but  it  flattens  when  relaxed. 

The  oesophagus  is  divisible  into  three  stages — cervical,  dorsal,  and  abdominal. 
In  the  short  first  stage  it  descends,  bulging  to  the  left  of  the  trachea,  which, 
with  the  thyroid  body  and  left  recurrent  laryngeal  nerve,  lies  in  front  of  it. 
The  left  inferior  thyroid  and  carotid  arteries,  the  thoracic  duct,  and  still  lower, 
the  left  subclavian  artery  lie  close  to  its  left  side,  and  on  a  plane  anterior  to  it, 
the  right  carotid  and  right  recurrent  nerve  are  to  its  right,  and  it  lies  on  the 
prevertebral  fascia  which  separates  it  from  the  spine  and  the  left  longus  colli 
muscle. 

In  the  thorax  it  traverses  the  superior  and  posterior  mediastina,  descending, 
in  the  former,  to  the  right  until  it  crosses  the  median  line  at  the  fifth  dorsal 
vertebra.  It  lies  on  the  bodies  of  the  vertebra?,  from  which  it  is  sepai'ated  by 
the  thoracic  duct,  and  still  lower  by  the  vena  azygos  and  upper  right  inter- 
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Fig-  5 18.— Transverse  section  of  oesophagus  magnified. 

costal  arteries.  The  left  carotid,  the  trachea  and  its  bifurcation,  the  left 
bronchus,  right  pulmonary  artery,  and  bronchial  glands  lie  in  front  of  it.  The 
left  subclavian  artery,  the  vagus  and  left  pleura,  the  aortic  arch,  and  the  be- 
ginning of  the  descending  aorta  lie  to  its  left.  To  its  right  are  the  trachea, 
bronchial  glands,  and  some  areolar  tissue  separating  it  from  the  right  pleura. 

In  the  posterior  mediastinum  the  oesophagus  descends  forwards  and  to  the 
left,  lying  at  first  on  the  spine,  many  communicating  branches  between  the 
two  vagi,  vena  azygos  and  right  intercostal  vessels,  and,  for  the  lower  half  of 
this  space,  on  the  aorta,  which  it  crosses  very  obliquely.  The  right  mediastino- 
costal  sinus  of  pleura  is  closely  related  to  it  dipping  behind  it.  In  front, 
the  pericardium  separates  it  from  the  left  auricle,  and  to  the  left  is  the  aorta 
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and  the  lefc  pleura  below  (fig.  451).  The  two  vagi  (§  486)  descend  and  form  a 
plexus  upon  the  cesophagus  from  the  roots  of  the  lungs,  the  left  being  rather 
anterior  and  the  right  posterior,  and  they  continue  along  it  to  the  stomach. 
It  passes  through  the  oesophageal  opening  in  the  diaphragm  on  the  level  of 
the  tenth  dorsal  vertebra,  and  enter  the  abdomen  behind  the  left  lateral  liga- 
ment of  the  liver,  covered  on  its  front  and  left  sides  by  peritoneum  derived 
from  the  anterior  layer  of  the  lesser  omentum,  its  narrow  hinder  side  lying 
on  the  diaphragm.  It  ends  2  cm.  to  the  left  of  the  middle  line,  at  the 
cardiac  orifice  of  the  stomach. 

The  cesophagus  consists  of  the  following  coats  : — 

(1)  A  loose,  elastic  connective  adventltia,  joining  it  to  the  neighbouring  parts  and  allow- 
ing of  distension. 

(2)  Longitudinal  fibres,  a  thick  red  stratum,  consisting  for  the  upper  third  mostly  of 
striped  fibres.  These  begin  as  three  bands — an  anterior,  the  strongest  attached  to  the 
vertical  ridge  on  the  back  of  the  cricoid  cartilage,  and  two  lateral,  each  attached  to  the 
elastic  tissue  in  which  the  palato-pharyngeus  muscle  ends.  These  three  bands  become  con- 
fluent as  the  tube  enters  the  thorax  and  supplementary  longitudinal  smooth  fibres  become 
added,  arising  from  the  left  pleura,  left  bronchus,  back  of  the  trachea  aud  pericardium. 
For  the  middle  third  the  striped  fibres  decrease,  and  very  few  are  present  in  the  lower  third. 
The  longitudinal  striped  muscular  fascicles  show  here  and  there  tendinous  intersections. 

(3)  A  thinner  layer  of  circular  fibres,  some  of  which  are  striped  in  the  upper  fourth  of  the 
tube.  The  bands  are  usually  oblique,  but  are  most  transverse  at  the  upper  fourth,  the 
fascicles  being  closed  loops.  A  few  of  these  fibres  appear  as  if  continuous  from  the  inferior 
constrictor. 

Between  the  two  layers  of  muscle  is  a  plexus  of  nerves  containing  large  ganglion  cells 
and  both  medullated  and  non-medullated  fibres. 

(4)  Submucous  lai/er  of  loose  elastic  areolar  tissue,  containing  masses  of  adenoid  tissue 
and  short  irregular  longitudinal  rows  of  small  compound  racemose  glands,  larger  and  more 
numerous  below  than  above. 

(5)  Mucous  membrane,  thick,  pale,  firm,  and  so  loosely  connected  by  the  last  to  the 
overlying  coats  that  it  lies  folded  into  vertical  ruga;  beneath  them.  It  is  lined  by  a  stratified 
scaly  epithelium,  beneath  which  the  corium  shows  an  irregular  row  of  small  papilla?.  On 
its  submucous  surface  is  a  longitudinal  layer  of  unstriped  muscle,  the  muscularis  mucos;e, 
which  is  thin,  and  interrupted  in  the  upper  half  of  the  tube,  but  forming  a  continuous 
stratum  at  the  lower  half.  Near  the  stomach,  there  is  an  irregular  ring  of  small  cardiac 
glands,  embedded  in  the  mucous  membrane. 

The  (esophagus  receives  in  its  cervical  stage  two  branches  from  the  inferior  thyroid 
artery,  in  its  thoracic  stage  four  branches  from  the  front  of  the  thoracic  aorta,  whereof  the 
lower  are  the  larger,  and  in  the  abdomen  it  receives  branches  from  the  gastric  artery.  Its 
veins  join  the  inferior  thyroids  in  the  neck,  the  veua  azygos  in  the  thorax,  and  the  gastric  in 
the  abdomen.  Its  vessels  form  a  long-meshed  plexus  in  the  mucous,  and  a  cross-meshed 
plexus  in  the  muscular  layer.  Its  nerves  are  derived  from  the  oesophageal  plexus  formed  by 
the  vagi,  together  with  branches  from  the  first  dorsal  ganglion  of  the  sympathetic. 

The  cesophagus  can  be  distended- by  injection  to  14-nmi.  diameter  at  its  commencement 
and  at  the  two  narrow  points,  and  to  20  mm.  elsewhere. 

254.  THE  STOMACH,  the  widest  part  of  the  alimentary  canal,  is  during 
life  a  corrugated  sac,  whose  shape  is  influenced  by  the  pressure  of  the  surround- 
ing parts,  and  whose  size  depends  upon  its  degree  of  distension.  When  the 
abdomen  is  opened  and  the  organ  is  inflated,  it  appears  as  a  curved  pyriform 
bag  with  its  widest  end  leftward*  It  is  described  as  having  two  margins  or 
edges  of  peritoneal  reflection  (fig.  513),  the  lesser  curvature  directed  upwards, 
backwards  and  to  the  right,  and  mostly  concave,  along  which  the  lesser  omentum 
(fig.  513)  is  attached,  and  the  greater  curvature  directed  downwards  and  for- 
wards, mostly  convex,  and  giving  attachment  to  the  greater  omentum.  The 
anterior  surface  is  in  contact  with  the  diaphragm  to  the  left,  the  abdominal 
wall  medially,  and  the  liver  to  the  right.  The  posterior  surface  rests  on  the 
spleen,  gastro-splenic  omentum,  left  kidney  and  suprarenal  capsule,  pancreas, 
great  vessels  and  transverse  mesocolon.      The  cardiac  or  (Esophageal  orifice 

*This  should  not  be  done  until  later.  The  organ  should  at  first  be  examined  when 
flaccid. 
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is  wide,  and  would  be  pierced  by  a  needle  driven  horizontally  backwards 
through  the  left  seventh  costal  cartilage,  3  cm.  from  its  junction  with  the  ster- 
num, and  striking  the  spine  at  the  left  side  of  the  eleventh  dorsal  vertebra. 
This' opening  varies  little  in  position  (fig.  519,  2).  The  pyloric  or  intestinal 
Orifice  lies,  when  the  stomach  is  empty,  near  the  median  line  lower,  and  a  little 
farther  forward.  It  would  be  pierced  by  a  needle  passed  through  the  abdominal 
wall,  5  cm.  below  the  junction  of  the  right  seventh  costal  cartilage  with  the 
sternum,  to  the  disc  between  the  last  dorsal  and  first  lumbar  vertebra.  This 
opening  is,  however,  displaced  rightwards  from  1  to  7  cm.,  according  to  the 
degree  of  gastric  distension;  and  the  levels  of  the  orifices  vary  within  definite 
limits  with  sex,  age,  and  with  times  and  habits  of  feeding  (ib.,  6). 

To  the  left  of  the  cesophagus  is  the  great  Clll  de  sac  or  bulging  end  of  the 
stomach  (fig.  519,  3),  projecting  upwards  and  backwards  towards  the  spleen. 

The  lower  border  (ib.,  8)  is 
uniformly  convex  as  far  as 
the  pylorus,  where  there 
is    a    second    bulge,    the 

lesser  cul  de  sac  (ib., 

5).  The  pylorus  feels  like 
a  thick  ring,  while  the 
cardiac  orifice  feels  thin. 
The  lesser  curvature  is 
concave  for  its  left  three- 
fourths,  but  is  convex  at 
its  right  quarter,  forming 

the  antrum  pylori. 

Occasionally  there  is  a 
median  constriction,  di- 
viding the  stomach  into 
two  pouches. 

Along  the  concave 
border  the  gastric  artery 
anastomoses  with  the 
superior  pyloric  branch 
of  the  hepatic  (fig.  513), 
and  along  the  convex 
border  the  right  and 
left  gastro-epiploic  ar- 
teries anastomose  and  are 
joined  by  the  vasa  brevia  branches  of  the  splenic,  which  in  turn  communicate 
with  the  gastric  artery,  thus  completing  a  ring  of  arteries  around  the  stomach. 
These  lie  between  the  layers  of  peritoneum  along  each  margin.  The  gastric 
veins  are  provided  with  imperfect  valves,  and  usually  accompany  the  arteries. 

A  normal  male  stomach  weighs  130  grammes,  and  is,  when  distended,  28  cms.  long  and 
10  cms.  in  diameter  at  its  widest  part,  and  capable  of  holding  about  3-5  kilogrammes  of 
water.  Its  walls  are  thicker  than  those  of  the  intestine,  and  thinner  than  those  of  the 
cesophagus.     The  sectional  area  of  its  arteries  is  equal  to  that  of  the  arteries  of  the  liver. 

At  birth  the  cubic  capacity  of  the  infant's  stomach  is  36  c.cm. ,  in  one  month  it  has 
increased  to  180  c.cm.,  and  at  two  years  to  740  c.cm. 

Inflate  now  the  stomach  through  the  cesophagus  and  ligature  the  duodenum  1  cm.  beyond 
the  pylorus.     The  coats  can  now  be  examined.     These  are  : — 

(1)  Serous,  closely  adherent,  except  along  the  linear  margins,  the  only  wide  area  un- 
covered being  a  small  triangular  space  about  2 '5  cm.  long  at  the  back  of  the  cardiac  orifice 
bounded  below  by  the  top  of  the  omental  sac,  and  laterally  by  the  peritoneum  reflected 
around  the  cesophagus. 

(2)  Longitudinal  muscular  layer  (fig.  519,  7),  continuous  with  that  of  the  oesophagus,  strong 
along  the  concave  edge,  distinct,  but  weaker  along  the  convex.    Two  lateral  bands  (ligaments 
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[Fig.  519. — Longitudinal  muscular  fibres  of  stomach. 
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Fig-  5i 


-Circular  and  oblique  muscular  fibres  of  the 
stomach,  seen  from  within. 


'  Of  HelvetillS),  mostly  of  connective  tissue,  but  containing  a  few  longitudinal  fibres,  produce 
the  sacculation  of  the  antrum  pylori  (fig.  513).  The  coating  of  longitudinal  fibres  becomes 
uniform  at  the  pylorus. 

(3)  Circular  Fibres. — These  are  arranged  at  the  cardiac  end  in  two  sets— a  superficial 
circular  (fig.  520,  3)  which  annularly  surround  the  stomach  along  its  long  axis  from  its  left  end 
to  the  pylorus  and  a  deeper  or  oblique 
series  (ib.,  4),  the  direct  continuation 
of  the  circular  fibres  of  the  oesophagus 
which  pass  obliquely  on  the  left  side 
of  the  oesophageal  opening  and  are 
directed  downwards  and  to  the  right 
towards  the  great  curvature,  crossing 
beneath  the  superficial  circular  fibres 
which  are  here  strong.  Towards  the 
right  the  two  strata  become  confluent 
into  a  single  thick  layer  of  circular 
fibres  which  form  by  their  sudden 
thickening  the  pyloric  sphincter. 
The  oblique  fibres  have  generally  1 
thick  upper  border  towards  the 
oesophagus,  and  it  has  been  thought 
possible  that  by  their  action  they 
might  form  a  groove-like  channel 
along  the  concave  margin  of  the 
stomach.  There  is  no  special  mus- 
cular sphincter  at  the  cardiac  end, 
the  lower  end  of  the  oesophagus 
gradually  expanding  in  a  funnel- 
shaped  manner  to  the  stomach  ;  but 
the  muscular  oesophageal  opening  in 
the  diaphragm  and  the  normal  clos- 
ure of  the  oesophagus  itself  obviate  the  need  for  such  an  arrangement. 

(4)  Submucosa,  a  white  shining  areolar  layer,  containing  a  few  fat  cells,  the  branchings 
of  the  arteries,  the  dilated  beginnings  of  the  veins  and  the  divisions  of  the  nerves.  This- 
layer  is  joined  by  lax  areolar  tissue  to  the 

(5)  Mucous  layer,  to  see  which  it  is  advisable  to  remove  the  stomach  from  the  body,  which 
may  be  done  by  cutting  the  oesophagus  between  two  ligatures  and  cutting  the  duodenum 
1  cm.  beyond  the  pylorus,  also  between  two  ligatures  ;  before  this  is  done,  the  student  is 
recommended  to  note  the  relations  of  the  upper  part  of  the  duodenum  as  given  below 
(p.  400).  The  mucous  layer  of  the  stomach  is  a  soft,  thick,  pink,  or  greyish  red  stratum, 
which,  not  being  elastic,  _  .  ,. 
becomes  rugosely  folded  ^^Saw^s^'-^'^ '■:.'■ 
when  the  stomach  is  not 
distended.  The  mucous 
membrane  assumes  its  char- 
acteristic structure  at  a 
sharply  marked,  serrated 
line  at  the  cardiac  orifice 
where  the  stratified  oeso- 
phageal epithelium  ends, 
the  deep  columnar  cells 
starting  suddenly  to  the 
surface,  and  from  this  the 
whole  surface  is  invested 
with  a  one-layered  columnar 
epithelium  whose  elongated 
cells  are  narrow  and  gran- 
ular below  and  have  a  superficial  mucigenous  stratum,  without  a  striated  surface-layer. 
Clusters  of  small  oval  replacement  cells  lie  among  these  near  the  basement  layer.  The 
whole  mucosa  thins  with  age,  and  is  normally  thinnest  at  the  great  bulging  end,  thickest  at 
the  pylorus. 


Mucosa. 

Fig.  521. 


Submitcosa. 


Muscular  coats. 


-Section  of  the  wall  of  the  stomach. 


The  entire  inner  surface  of  the  stomach  is  beset  with  polygonal  pits  {alveoli) 
about  02  mm.  across,  the  margin  of  which  are  often  raised  into  pointed 
processes  like  villi.  On  the  floor  of  each  alveolus  there  appear  the  round 
mouths  of  tubular  glands  \vhich  are  packed  closely  together  through  the  whole 
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gastric  area.  Indeed,  on  section,  the  wall  of  the  stomach  appears  to  consist  of 
a  closely  packed  layer  of  vertical  gland  tubes.  There  are  two  kinds  of  these 
glands — (i)  simple  pyloric  glands  (fig.  523),  with  large  deep  mouths,  lined  with 
epithelium  like  that  of  the  gastric  surface,  and  short  glandular  tubules  with  a 


Fig.  522. — Transverse  sections  of  cardiac  glands — I,  across  its  duct;  II,  across  its  fundus; 
\I,  a,  membrana  propria ;  b,  goblet  cells,  secreting  mucus  ;  II,  c,  capillaries. 

granular  cubical  gland  epithelium;  and  (2)  cardiac  glands  (figs.  522,  524),  chiefly 
present  at  the  cardiac  end,  with  shorter  mouths  and  longer  tubules,  in  which 
there  are  two  sorts  of  gland  epithelium,  central  cells  like  those  in  the  pyloric 
glands,  (fig.  522,  II,  a)  and  a  deeper  but  not  continuous  layer  of  somewhat 
trigonal,  oxyntic  or  parietal  cells  (ib.,  h),  most  numerous  near  the  neck  of  the 
gland  tube  and  placed  with  their  bases  resting  on  the  basement  membrane.     Of 


Fig.  523. — Pyloric  glands. 

these  glands  there  are  on  an  average  100  in  a  sq.  mm.,  and  as  the  mucous  area 
of  the  average  stomach  is  47-500  sq.  ruins.,  so  there  are  about  four  million  and 
three-quarters  of  these  glands. 

The  epithelium  rests  on  an  almost  structureless  basement,  under  which  are 
connective  cells,  which  send  in  sustentacular  processes  between  the  epithelial 
cells  at  their  bases  to  support  them  (fig.  522,  II,  r).  There  is  much  lymphoid 
tissue  in  the  corium  around  the  gland  tubes  (ib.,  I,  c),  and  a  bilaminar  muscidaris 
mucosal  chiefly  of  circular  fibres,  except  towards  the  pylorus,  where  the  outer 
longitudinal  stratum  is  thicker.  Lymph  paths  are  numerous,  and  communicate 
with  plexiform  lymphatics  in  the  submucous  layer  (fig.  524,  d).  The  blood- 
vessels (fig.  525)   divide  into  arterioles  in  the  submucosa  which  run  between 
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the  glands  to  the  surface,  making  a  thick  superficial  capillary  plexus,  and  a 
deeper  interglandular  plexus.     The  venous  radicles  are  fewer  and  larger. 

The  vagi  enter  the  stomach-wall  on  the  two  sides  of  the  gastric  artery,  and 
their  branches  stream  over  the  stomach  from  the  concave  border  with  the 
branches  of  the  gastric  plexus  from  the  sympathetic  (§  295).  These  latter  form 
both  an  Auerbach's  and  a  Meissner's  plexus  (§  256),  ending  in  the  muscular  and 
mucous  layers. 

The  pylOFUS  is  a  narrow  opening,  whose  lumen  is  about  16  mm.  in 
diameter,   surrounded   by   a  thickened  mucous  membrane  outside  which  is  a 


Fig.  524. —Gland  from  the  fundus  of   the  stomach, 
opening  at  a  surface  pit,  g  ;  below  its  neck,  p,  are 

the  two  sets  of  cells,  the  oxyntic  cells,  x;  and  the  Fig.  525. — Blood-vessels  of  gastric  wall — 
central  cells,  y  ;  d,  lymphatic  vessels  opening  into  a,  artery  ;  v,  vein  ;  c,  capillaries  ;  i,  net- 
a  large  lymphated  vessel,  e.  work  in  villous  layer. 

thick  annular  bundle  of  circular  fibres  which  can  close  the  opening.  The  side 
towards  the  stomach  is  oblique,  sloping ;  that  towards  the  duodenum  is  abrupt. 
The  hexagonal  alveoli  of  the  stomach  stop  here  and  the  villous  intestinal 
mucosa  begins. 


The  stomach   of  the  foetus   is  not  only  proportionally  smaller,   but   is   placed   nearly 
vertically,  has  a  very  small  bulging  end,  and  no  appearance  of  sacculation  near  the  pylorus. 
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It  is  separated  from  the  diaphragm  by  the  liver,  except  for  a  small  space  at  the  oesophagus. 
In  the  adult  a  larger  area  touches  the  diaphragm  for  the  most  part  on  a  plane  leftward  of  the 
pericardium,  only  the  extreme  left  margin  of  the  under  wall  of  the  heart  being  related  on 
opposite  sides  of  the  diaphragm  to  the  stomach  without  the  intervention  of  the  liver. 

255.  THE  DUODENUM  is  that  part  of  the  alimentary  canal  which  has 
been  pressed  back  against  the  abdominal  wall  by  the  passage  over  it  of  the 
primary  loop  of  the  intestine,  and  is  consequently  fixed  to  the  hinder  wall  of 
the  cavity  by  passing  through  the  root  of  the  transverse  mesocolon.  It  is  22 
cm.  long  and  5  cm.  in  diameter,  being  thus  the  widest,  as  it  is  the  most  fixed 
part  of  the  small  intestine.  Beginning  at  the  pylorus,  it  forms  a  coil  whose 
concavity  is  directed  to  the  left,  embracing  and  firmly  fixed  to  the  head  of  the 
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Fig.  526. — View  of  front  of  stomach,  the  liver  being  raised — 1,  right  lobe  ;  2,  left  lobe  of 
liver ;  3,  quadrate  lobe  ;  4,  gall-bladder ;  5,  umbilical  vein,  obliterated  ;  6,  stomach  ; 
7,  duodenum,  vertical  part ;  8,  transverse  colon;  9,  diaphragm;  10,  vena  cava  below  Uver ; 
11,  vena  portse  ;  12,  common  bile  duct ;  13,  hepatic  artery ;  14,  right  end  of  right  lobe 
of  liver;  15,  foramen  of  Winslow ;  16,  right  lateral  ligament;  17,  hepato-duodenal. 
peritoneum;  18,  Spigelian  lobe  ;  19  and  20,  transverse  mesocolon  ;  21,  lesser  omentum. 

pancreas.  It  is  divisible  into  three  parts — a  superior,  which  ascends  backwards 
and  to  the  right ;  a  middle,  which  descends  nearly  vertically ;  and  an  inferior, 
which  ascends  at  first  obliquely  and  at  its  end  vertically,  terminating  by 
turning  forwards  and  to  the  left,  and  becoming  jejunum  at  the  left  side  of  the 
second  lumbar  vertebra. 

The  superior  portion,  seen  by  raising  the  front  edge  of  the  liver  and  drawing 
the  stomach  downwards  and  to  the  left,  is  5  cm.  long,  and  lies  directly  below 
the  caudate  lobe  of  the  liver  and  gall-bladder,  from  which  it  is  separated  by  the 
foramen  of  Winslow.     These  parts  are,  however,  really  in  contact  before  the 
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abdomen  is  opened.  It  is  covered  in  front,  above,  and  for  a  short  distance  alono- 
its  upper  and  left  border  by  the  peritoneum  derived  from  the  right  extremity 
of  the  lesser  omentum.  This  portion  is  the  most  movable  part  of  the  duodenum, 
being  fixed  only  by  the  right  pancreatico-gastric  fold  behind  it,  and  by  the  head 
of  the  pancreas,  which  lies  below  it.  Behind  are  the  hepatic  artery,  vena 
porta?,  hepatic  duct,  and  the  gastro-duodenal  artery.  The  duodenum  turns 
downwards  opposite  the  neck  of  the  gall-bladder  to  become  continuous  with 
the  middle  portion. 

The  second  stage  (fig.  527,  d)  is  8  cm.  long,  and  passes  downwards  behind  the 
transverse  mesocolon,  lying  on  the  right  kidney  and  suprarenal  capsule  and  on  the 
vena  cava,  which  separates  it  below  from  the  right  psoas  muscle.  This  portion  of 
the  intestine  is  moulded  upon  the  back  wall  of  the  abdomen.  It  has  the  head 
of  the  pancreas  and  the 
endings  of  the  bile  and 
pancreatic  ducts  to  its  left 
side.  In  front  and  to  the 
right  is  the  ascending 
colon  and  its  mesocolon. 
This  portion  is  only  im- 
perfectly visible  in  the 
present  dissection,  but  its 
upper  part  can  be  seen 
above,  and  its  lower  part 
below,  the  transverse 
colon.  By  dividing  the 
peritoneum  above  the 
hepatic  angle  and  dis- 
placing the  large  intestine 
a  little  downwards  and 
forwards  its  whole  anterior 
surface  can  be  exposed. 
The  inferior  angle  of  the 
duodenum  usually  de- 
scends in  the  male  to  the 
level  of  the  disc   between 


Fig.  527. — View  of  front  of  pancreas  and  duodenum — P, 
cut  edge  of  pleuro-colic  fold;  I,  left  colon;  d,  duodenum; 
m,  mesenteric  vessels  ;  S,  right  suprarenal  capsule. 


the  third  and  fourth  lumbar  vertebrae,  or  to  the 
middle  of  the  third  lumbar  in  the  female.  From  this  the  third  stage  ascends 
forwards  and  to  the  left,  at  first  obliquely  across  the  spine,  then  it  turns 
vertically  upwards  to  its  termination.  This  portion  is  9  cm.  long,  and  is  seen 
by  raising  the  mesentery  upwards  and  to  the  right.  As  it  lies  in  the  body  it 
is  covered  in  front  by  the  front  layer  of  the  mesentery,  the  superior  mesenteric 
artery  and  vein.  This  relation  is  altered  by  raising  the  mesentery,  which 
artificially  lifts  up  the  arteries  and  brings  the  lower  layer  of  the  mesentery 
in  front  of  the  gut.  It  lies  on  the  right  p>soas  muscle,  the  vena  cava  inferior, 
the  right  crus  of  the  diaphragm,  and  the  aorta,  and  ends  in  front  of  the  left  crus 
of  the  diaphragm  and  left  renal  vessels.  The  end  of  this  portion  exhibits  two 
peculiar  flexures  — an  abrupt  turn  upwards  on  the  left  of  the  superior  mesen- 
teric artery,  and  a  sharp  bend  forwards  and  leftwards  (duodeno-jejunal 
flexure)  at  its  termination.  A  duodenojejunal  pouch  of  peritoneum  often 
passes  behind  the  intestine  at  its  termination. 


Before  proceeding  with  the  dissection  of  the  parts  of  the  intestine,  it  is  usually  advan- 
tageous to  examine  the  main  branches  of  the  superior  mesenteric  artery.  The  serous 
coat  of  the  duodenum  is,  as  has  been  seen,  imperfect,  the  longitudinal  coat  of  muscular 
fibres  is  thick ;  in  the  second  part  some  of  its  fascicles  have  become  entangled  in  the  lobules 
of  the  pancreas  ;  at  the  vertical  flexure  of  the  third  stage  a  baud  of  smooth  fibres  from 
the  wall  of  the  duodenum  ascends  to  the  front  of  the  left  eras  of  the  diaphragm  (suspensorius 
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duodeni)  close  to  the  left  side  of  the  origin  of  the  cieliac  artery.  The  submucous  layer  is  thick. 
The  underlying  mucous  membrane  may  be  exhibited  by  slitting  open  the  gut,  in  situ,  and 
sponging  it  out  (a  ligature  having  been  previously  put  around  the  beginning  of  the  jejunum  ; 
but  the  examination  of  the  mucous  surface  may,  with  advantage,  be  postponed  until  the 
jejunum  has  been  dissected).  This  membrane  for  the  superior  part  is  thick  and  vascular, 
covered  by  a  single  layer  of  columnar  epithelium,  whose  cells  have  large  nuclei  and  a 
striated  surface  layer  (§  22,  1).  Between  these,  at  their  bases,  are  reticular  processes  con- 
nected with  the  connective  cells  of  the  basement  layer.  There  are  also  on  its  surface 
many  fine  processes  or  villi  and  many  simple,  tubular,  mucous  glands  (follicles  of  Lieberklihn) ; 
these  are  large,  about  '36  mm.  in  length.  Beside  these,  there  are  in  the  submucous  tissue 
of  this  portion  flat  granular  patches  of  racemose  glands  (Brunner's  glands)  with  com- 
paratively narrow  ducts,  which  extend  for  about  6  cm.  from  the  pylorus,  and  which  in 
minute  structure  resemble  enlarged  pyloric  glands  ;  they  are  largest  near  the  pylorus,  and 
usually  disappear  in  the  second  stage  (fig.  528). 

In  the  second  stage  the  mucous  and  submucous  membrane  are  raised  into 
permanent  rugae ;  one  of  these  on  the  left  side  of  the  tube  forms  a  vertical  ridge, 

at  whose  lower  part  is  a  short  hood- 
like fold  (caruncula  major)  over- 
hanging the  opening  of  the  bile  duct 
and  the  pancreatic  duct.  From  the 
openings  a  vertical  fold  (framulum 
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Fig.  529.  —  Openmg  of  bile  and  pan- 
creatic ducts  into  the  duodenum. 
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Longitudinal 
_--  fibres. 

■ -'-  s  ' .    Serous  layer. 

528. — Section    of    duodenum,    showing 
Brunner's  glands. 

Caruncula3)  extends  downwards.  The  ducts  take  a  very  oblique  course  through 
the  intestinal  wall  (fig.  529). 

In  the  inferior  portion  these  mucous  folds  have  become  regularly  transverse, 
crescentic,  but  never  ring-like,  projecting  for  about  7  mm.  into  the  cavity  of  the 
gut.  These  valvulaB  COnniventeS  are  best  marked  along  the  anterior  wall  of 
the  duodenum,  are  made  to  project  more  sharply  by  distension  of  the  tube,  and 
are  covered  by  villi. 

256.  SMALL  INTESTINE.— The  portion  of  the  small  intestine  which 
begins  at  the  duodeno-jejunal  flexure  and  extends  thence  in  the  free  margin  of 
the  mesentery  to  the  caecum  is  about  6f  metres  long,  but  varies  with  habits  of 
feeding  and  heredity,  and  to  some  extent  with  the  length  of  the  abdominal 
cavity,  but  not  at  all  proportionally  to  weight,  age,  or  stature ;  and  it  is  usually 
a  little  longer  in  females  than  in  males.  The  upper  one-third  of  this  intestine 
is  called  jejunum,  and  is  thicker-coated,  larger  in  calibre,  and  deeper-coloured 
than  the  lower  two-thirds  or  ileum ;  but  there  is  no  line  of  demarcation 
between  these  parts,  the  one  shading  into  the  other.  All  this  tube  has  a 
continuous  coating  of  serous  membrane  except  at  the  narrow  attached  border. 

To  see  the  structure  of  the  coats  of  this  intestine  isolate  about  30  cm.  of  the  upper  part  of 
the  jejunum,  about  the  same  length  of  the  middle  part  of  the  intestine,  and  of  the  lower  part  of 
the  ileum,  leaving  the  lowest  20  cm.  attached  to  the  caecum  ;  at  each  spot  the  intestine  is  to  be 
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tied  with  a  double  ligature  and  cut  between.  The  longitudinal  muscular  coat  is  thin  and 
continuous,  although  the  fibres  form  a  thicker  stratum  along  the  free  border  than  elsewhere. 
The  circular  fibres  form  a  continuous  layer,  and  consist  of  very  long,  smooth  muscle  fibres, 
«ven  longer  than  the  former.  The  submucosa  is  dense,  areolar,  and  contains  much  retiform 
tissue  and  many  vessels,  the  mucosa 
is  thick,  lined  with  epithelium-like 
that  of  the  duodenum,  folded  for  its 
jejunal  part  into  valvular  conniventes, 
each  of  which  extends  for  about  two- 
thirds  of  the  circumference,  and  ends 
by  bifurcating  and  shading  off  into 
the  surface.  These  gradually  diminish 
towards  the  ileum,  and  are  nearly 
absent  for  the  lower  fourth  of  the 
small  intestine.  Besetting  the  whole 
surface  are  fine  filiform,  conical,  cylin- 
ilroid,  or  clavate  villi  or  processes 
like  the  pile  of  velvet  (fig.  530).  These 
are  about  "5  mm.  long,  and  each  con- 
sists of  an  outer  layer  of  epithelium, 
like  that  of  the  rest  of  the  intestinal 
wall,  placed  on  a  basement  layer,  un- 
der which  are  polygonal  connective 
cells,  making  up  the  substance  of  the 
villus,  traversed  by  blood  capillaries 
(c),  and  with  one  or  two  large  lymph 
canals  in  the  axis  of  the  process,  begin- 
ning blindly  near  its  free  end,  and  at 
the  base  communicating  with  the  sub- 
jacent lymphatic  plexus  (b).  The 
lymph  trunk  of  the  villus  {d)  has  a 
muscular  investment  derived  from  the 
rnuscularis  mucosae.  Numerous  amoe- 
boid lymph  cells  are  found  in  all 
parts  of  the  villus. 

There  are  about  16  villi  in  each 
square  mm.  of  the  upper  half  of  the 
small  intestine,  and  about  9  per  square 
mm.  below,  so  that  altogether  there  are  about  four  millions  of  villi  in  the  small  intestine. 
Villi  beset  both  the  upper  and  lower  surfaces  of  the  valvuhe  conniventes,  which  thus 
not  only  delay  the  downward  passage  of  the  food  but  increase  the  absorbing  surface.  By 
the  villi  the  fatty  parts  of  the  food  are  absorbed,  the  fat  particles  either  (a. )  being  carried 
into  the  system  by  the  amceboid  cells,  or  (6.)  entering  the  intercellular  reticulum  of  the 
epithelium,  which  is  directly  continuous  with  the  retiform  tissue,  or  entering  the  epithelial 
cells  themselves,  although  these  do  not  communicate  with  the  connective  cells  or  the  lymph 
spaces  beneath. 

Between  the  villi  are  numerous  glands  of  Lieberkiihu  (fig.  530,  e),  smaller  than  those  in 
the  duodenum.  There  are  also,  especially  in  the  lower  part  of  the  tube,  scattered  lymphoid 
nodules  (solitary  glands),  appearing  as  small  specks  of  encapsulated  adenoid  tissue, 
which  bulge  with  a  rounded  convexity  011  the  surface  among  the  villi,  and  which  appear  dis- 
tinct by  being  surrounded  either  by  very  close-meshed  retiform  tissue  or  by  a  lymph  sinus. 

In  the  lower  part  of  the  jejunum,  and  especially  in  the  ileum,  there  are 
placed  about  thirty  large,  closely  aggregated  patches  of  such  lymph  nodules 

(agrninated  glands  or  Peyer's  patches— fag.  534)-    These  are  small,  few, 

and  circular  in  the  jejunum,  larger  and  in  longitudinally  extended  patches  on 
the  border  of  the  ileum  opposite  the  mesenteric  attachment.  Each  patch  is 
about  1-3  cm.  long  by  1-2  cm.  wide  and  is  destitute  of  villi,  and  may  contain 
from  20-400  lymphoid  nodules.  They  are  surrounded  by  closely-set  villi  and 
Lieberkiihn's  glands.  In  the  intestine  of  a  child  there  are  about  forty-five  such 
patches,  but  they  diminish  in  number  and  distinctness  as  age  advances,  and  in 
old  age  are  only  recognisable  as  patches  of  discoloration. 

Around  each  lymphoid  nodule,  solitary  or  agminated,  there  is  a  network  both  of  blood- 
vessels and  of  lymphatic  capillaries. 

In  the  intestinal  wall  there  are  two  nerve  plexuses— the  plexus  of  Auerbach,  between  the 
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longitudinal  and  circular  muscular  fibres  (rig.  531),  and  that  of  Meissner  in  the  submucous 
tissue  (fie.  532).  A  large-meshed  lymphatic  plexus  accompanies  the  former.  The  muscularis 
mucosa>  is  thin  in  the  ileum,  thicker  and  bilaminar  at  the  beginning  of  the  jejunum. 


Fig.  531. — Auerbach's  plexus,  seen  in  a  vertical  section  of  the  wall  of  the  jejunum,  consisting 
of — a,  ganglion ;  b,  non-medullated  nerve  fibre ;  c,  circular  muscle  cut  through ;  d,  longi- 
tudinal fibres,      x  60. 

The  vitelline  pedicle  which  was  attached  in  the  foetus  to  the  small  intestine  at  its  lower 
fourth  usually  leaves  no  trace,  but  sometimes  a  short  diverticulum  is  supposed  to  represent  its 
persistent  extremity. 

The  arteries  supplying  the  small  intestines  are  the  freely  communicating  branches  arising 
from  the  convexity  of  the  superior  mesenteric  (figs.  533,  553),  the  veins  accompany  the  arteries, 

and  are  of  large  size ;  the  lymph  vessels, 
here  called  lacteals,  are  also  large,  and 
pass  to  the  lacteal  glands  in  the  layers 
of  the  mesentery.  All  these  should  now 
be  successively  examined. 

The  convolutions  of  the  jejunum 
lie  chiefly  in  the  left  hypochon- 
driac, left  lumbar,  and  umbilical 
regions;  those  of  the  ileum  are 
chiefly  in  the  left  inguinal,  lower 
part  of  the  umbilical  and  hypo- 
gastric regions ;  the  last  coil  of 
the  ileum  lies  in  the  pelvis  above 
the  bladder,  and  rises  out  of  the 
pelvis  to  end  in  the  large  intes- 
tine. During  life  the  intestines 
are  closely  pressed  together  and 
flattened  against  each  other, 
their  lumina  being  nearly  closed 
except  when  distended  with  ali- 
mentary materials  or  gas.. 

The  remaining  parts  of  the  jejunum 
and  ileum  may  now  be  removed  by  the 
division  of  the  mesentery  close  to  the 
intestine. 

The  duodenum  should  be  left  in  situ, 
indeed  it  will  be  advantageous  if  the 
examination  of  its  mucous  membrane 
be  left  until  a  later  stage. 


257.  THE  LARGE  INTES- 
TINE is  about  1  "4  metres  in 
length,  and  forms  a  great  loop,  be- 


Fig.  532. — Meissner's  plexus  of  nerves  in  the  sub- 
mucous tissue — a,  ganglion;  b,  non-medullated 
nerve ;  c,  vessels ;  d,  branch  of  splanchnic  nerve 
system,  accompanying  the  vessel,      x  50. 

ginning  as  the  caecum  in  the  right  iliac  fossa  and  ending  at  the  anus.  Through 
out  its  course  it  is  larger  in  calibre,  thicker  in  coats  and  less  vascular  than  the 
small  intestine.  Its  longitudinal  muscular  fibres  do  not  form  a  uniform  coat, 
but  are  arranged  in  separate  bands,  usually  three,  the  t36Tli3B  COli,  and  these 
being  shorter  than  the  underlying  coats,  its  cavity  is  to  some  extent  sacculated, 
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the  haustra  or  pouches  being  separated  by  crescentic  plicae  sigmoidese  (fig. 

535)    which   disappear  when 

the    longitudinal    fibres    are 

carefully  dissected  away,  and 

the  whole  gut  then  becomes 

one-sixth  longer. 


The  sacculation  of  the  large 
intestine  has  probably  arisen  coin- 
cidently  with  the  consolidation  of 
the  fsecal  masses,  and  the  separa- 
tion of  the  longitudinal  coat  into 
tfenfe  is  due  to  the  bulging  of  the 
haustra  thus  caused,  which,  by 
permitting  of  greater  consolidation 
and  storage  of  faecal  matter,  serves 
to  intensify  the  condition.  Its 
mucous  membrane  presents  no 
villi  nor  Peyer's  patches,  though 
it  has  crypts  of  Lieberkiihn  larger 
than  those  in  the  small  intestine, 
and  solitary  lymphoid  nodules  at 
the  bottom  of  small  depressions 
in  the  mucous  membrane.  It  is 
divisible  into  three  parts — the 
caecum,  the  colon,  and  the  rectum. 

The  caecum  (fig.  53 6)  is  shor  t, 
about  5  "5  cm.,  and  ends  at  the 
level  of  t  h  e  upper  border  of  th  e 
iliac  opening;  it  is  the  blunt, 
rounded  bulging  of  the  be- 
ginning of  the  large  intestine. 
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Fig-  533-- 


-  Vessels  of  a  loop  of  small  intestine,  arteries, 
and  lacteals. 


In  the  foetus  the  cscuni  was  an  elongated  fusiform  diverticulum,  and  at  birth  it  is  a  long 
coiled  conical  portion  of  the  gut  tapering  to  a  point,  from  which  begin  the  three  tamke  coli  (fig. 
538).  Very  early,  however,  one  or  more  of 
these  earliest  haustra  become  enormously 
distended,  and  the  original  fusiform  fundus 
becomes  small,  contracted,  and  rudimental, 
so  that  it  appears  in  the  adult  as  a  mere 
appendix  to  these  dilated  basal  haustra, 
to  which  the  name  caecum  is  usually  limited, 
while  the  terminal  part  of  the  primitive 
caecum,  which  never  dilates,  now  appears 
as  the  vermiform  appendix. 

The  adult  caecum  lies  in  the  right 
iliac  fossa,  and  is  well  covered  by  the 
peritoneum.  The  fundus  of  its  most 
prominent  haustra  is  usually  com- 
pletely covered,  and  often  the  peri- 
toneum is  invaginated  behind  it  into 
a  subcecal  pouch.  The  vermiform 
appendix,  which  lies  at  the  lower, 
inner,  and  back  part  of  the  newly- 
formed  fundus,  has  a  small  mesen- 
tery of  its  own,  which  ties  it  to  the 
wall  of  the  rest  of  the  caecum,  and 
not  uncommonly  it  hangs  into  the 
pelvic  cavity  between  the  caecum  and 

the  ileum,  whose  end  lies  above  and    Fig>  534._peyer's  patch  of  lymphoid  follicles 
in  front  of  it.     The  peritoneum  below      from  the  ileum,  surrounded  by  solitary  follicles. 
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the  termination  of  the  latter  gut  is  often  depressed  into  a  narrow-necked 
inferior  ileo-C£ecal  pouch,  while  above  the  ileum,  between  it  and  the  com- 
mencement   of  the    ascending  colon,  there  is  sometimes   a   similar    superior 


Plica  sigmoidea. 


Haustra. 


Fig.  535. — Portion  of  transverse  colon  which 
has  been  inflated  arid  dried,  cut  open  to 
show  the  sigmoid  plica? — m,  longitudinal 
muscular  trenia, 


Fig.  536. — Caecum — I,  ascending  }colon ; 
2,  cfecum ;  3,  vermiform  appendix ;  4, 
ileum;  5,  inferior  ilio-caecal  pouch;  6,  its 
anterior  serous  wall;  7,  mesenteriolum. 

ileo-CSBCal  pOUCh ;  these,  like  the  duodeno-jejunal  and  other  retroperitoneal 
pouches,  may  be  large  enough  to  receive  knuckles  of  intestine,  and  narrow- 
necked  enough  to  cause  the  fatal  strangulation  of  such  knuckles. 
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From  the  csecum  the  ascending  colon  passes  upwards  in  the  right  lumbar 
region  as  far  as  the  lower  surface  of  the  liver.  This  is,  from  its  course  and  from 
the  effects  of  gravity,  the  widest  part  of  the  large  intestine,  having  usually  at  its 
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commencement  a  circumference  of  25  cm.  It  is  usually  bent  in  its  course, 
towards  the  median  line.  It  is  only  covered  with  peritoneum  on  its  anterior 
and  lateral  surface,  a  large  portion  of  its  hinder  aspect  being  generally  in 
contact  with  the  back  wall  of  the  abdomen,  especially  below,  where  it  joins  the 
csecum.  This  has  given  rise  to  the  erroneous  statement  that  the  caecum  is 
imperfectly  covered  by  peritoneum.  The  border  of  reflection  of  the  peritoneum 
below  the  colon  is  usually  above  the  level  of  the  csecuin,  so  that  there  is  no 
mesocaecum  present  in  most  cases,  while  the  two  layers  of  the  right  lumbar 
mesocolon  are  usually  widely  apart.  The  ascending  colon  lies  in  front  of  the 
2)soas,  kidney,  and  duodenum;  it  becomes  displaced  outwards  in  stooping,  being 
more  prominently  displaced  by  change  of  position  than  any  other  portion  of 
the  intestinal  canal,  but  in  the  upright  position  the  kidney  bulges  to  its  outer 
side.  At  its  upper  extremity  it  becomes  better  covered  with  peritoneum,  and 
its  hepatic  flexure  grooves  the  lower  surface  of  the  right  lobe  of  the  liver. 


Ascending  colon. 


Ileo-colic  valve. 


Fundus  of  ctecum  becoming 
vermiform  appendix. 


lleo-cacal  valve. 

Line  of  secondary  demarca- 
tion between  ccecum  and 
appendix. 


Ileum. 


Fig.  53S. — F<etal  caecum. 

The  transverse  colon  begins  at  the  hepatic  flexure  and  passes  for  a  short 
distance  to  the  right  in  front  of  the  duodenum,  from  which  it  lifts  off  the 
peritoneum,  here  entering  the  right  end  of  the  ascending  layers  of  the  great 
omentum.  The  transverse  colon  is  usually  thrice  as  long  as  the  line  between 
its  two  hypochondriac  flexures,  and  is,  therefore,  sinuously  bent.  From  the 
right  it  passes  at  first  leftward,  then  forwards,  then  it  bends  downwards 
towards  the  umbilicus  behind  the  apron  of  the  great  omentum,  and  beginning 
now  to  appear  more  pendent  from  its  under  surface.  It  makes  here  one  or  two 
sharp  bends  and  then  ascends  to  the  left  to  end  in  the  splenic  flexure  close  to 
the  hinder  part  of  the  eleventh  rib,  to  which  it  is  tied  by  a  thin-edged  fold  of 
peritoneum,  the  pleurO-COlie  fold  (fig.  527). 

The  transverse  colon  is  usually  unequal  in  calibre,  and  is  well  covered  by 
peritoneum,  receiving  at  its  anterior  edge  the  omental  layers  which  separate 
from  it  posteriorly,  as  the  transverse  mesocolon  (p.  392).    Along  its  omental  edge 

is  the  strong  omental  taenia,  along  its  mesocolic  edge  is  the  mesocolie  taenia, 

and  between  and  below  it  the  third  or  free  taenia,  along  the  sides  of  which, 
corresponding  to  the  sigmoid  folds  within,  the  peritoneum  hangs  down  in  little 
fat-holding  fringe-like  processes,  the  appendices  epiploicae.  In  this  portion 
also  the  circular  fibres  are  stronger  than  elsewhere,  and  its  down-hanging  loops 
about  the  umbilicus  are  the  common  seats  of  colicky  spasms  (tormina). 

From  the  splenic  flexure  in  the  left  hypochondrium,  the  descending"  colon 
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passes  down  in  the  left  lumbar  region.  This  is  longer,  narrower,  and  much 
more  movable  than  the  ascending,  is  well  covered  by  peritoneum,  and  has  a 
narrow  linear  area  of  mesocolic  reflection;  hence  in  the  operation  of  making  an 
artificial  anus,  it  is  much  easier  to  find  the  unclad  area  of  the  ascending  colon  in 
the  right  lumbar  region  than  to  strike  upon  the  non-peritoneal  area  of  the  left 
colon.     It  usually  lies  to  the  outer  side  of  the  left  kidney. 

In  the  left  iliac  fossa  the  colon  presents  another  area  of  elongation,  and  has 
become  bent  into  its  sigmoid  flexure,  a  double  curvature  whose  first  or 
anterior  part  is  a  loop  concave  upwards  and  backwards,  while  the  hinder  part 
is  a  loop  downwards  and  forwards.  This  and  the  loop  of  the  transverse  colon 
are  proportionally  larger  in  the  female  than  in  the  male,  and  are  intensified  by, 
and  themselves  reciprocally  intensify,  a  constipated  habit  of  bowel.  A  large 
part  of  the  former  loop  projects  to  the  surface  in  the  left  iliac  fossa,  and  can  be 
felt,  especially  when  distended  with  fieces. 

As  this  fold  has  increased  to  its  adult  stage  from  a  much  simpler  foetal  flexure,  there  is 
usually  left  beneath  the  second  flexure  a  deeply  extending  and  narrow-mouthed  inteP- 
Sigmoid  poueh  of  peritoneum,  whose  fundus  points  towards  the  inferior  meseuteric  artery. 

Dipping  into  the  pelvis  the  colon  terminates  opposite  the  left  sacro-iliac 
synchondrosis,  becoming  the  rectum. 

258.  THE  RECTUM  is  about  19  cm.  long,  and  descends  in  the  hollow  of 
the  sacrum  turning  forwards  below  to  pass  beneath  the  bladder,  and  finally 


Fig.  539. — Structure  of  lower  end  of  the  rectum — I,  skin-covered  area  of  anus ;  II,  tran- 
sitional area  ;  III,  mucous  area  ;  1,  2,  columns  of  Morgagni ;  7,  superficial  sphincter ;  4, 
deep  sphincter ;  6,  skin ;  5,  limits  of  external  sphincter ;  8,  plexus  of  varicose  anal  veins. 

turning  downwards  below  the  tip  of  the  coccyx  to  end  at  the  anus.  It 
differs  from  the  rest  of  the  large  intestine  in  that  the  ttenias  become  confluent 
on  it  into  two  thick,  wide,  but  not  very  clearly  margined  bands,  anterior  and 
posterior,  the  former  (m.  prcerectalis)  being  the  very  strong  confluence  of  the 
omental  and  free  taenia  of  the  colon.  It  does  not  present  an  appearance  of 
external  sacculation,  and  is  only  covered  with  peritoneum  on  its  anterior  and 
lateral  (especially  its  right)  surfaces.  For  its  lower  half  the  peritoneum  of  the 
recto- vesical  cul  de  sac  simply  invests  its  anterior  surface,  while  it  is  posteriorly 
in  contact  with  the  pelvic  wall.  The  termination  of  the  rectum  has  already 
been  seen  in  the  dissection  of  the  perineum  (p.  354). 


RECTUM. 


409 


The  ileum  and  ascending  colon  having  been  tied  with  double  ligatures,  each  about  6  inches 
from  the  caecum,  these  intestines  are  to  be  cut  between  the  ligatures  and  the  caecum  removed, 
wash  out  the  gut  by  passing  a  stream  of  water  first  through  the  ileum,  which  will  easily  flow 
through,  and  secondly,  through  the  colon,  which  usually  will  not,  until  the  pressure  becomes 
excessive.  Inflate  then  the  gut  from  the  ileum  and  examine  its  coats ;  having  done  this, 
open  the  caecum  through  the  bulging  part  of  the  fundus  below  the  iliac  orifice  which  then 
appears  like  a  button-hole  slit  with  two  nearly  parallel  margins,  the  upper  one  forming 
a  nearly  horizontal  shelf,  the  ileo-COlie  valve,  the  lower  one  being  an  obliquely  ascending 
fold,  the  ileo-CSeeal  valve  ;  from  the  union  of  these  valves  in  front  and  behind  a  prominent 
fold,  the  frsenum  Of  Morgfagni,  passes  round  the  caecum  as  a  shelf.  Each  valve  is  a  dupli- 
cation of  the  mucous,  submucous,  and  circular  muscular  layers,  and  by  careful  division  of  the 
serous  and  longitudinal  fibres  they  can  be  unfolded.  The  mucous  surface  of  the  valves 
towards  the  ileum  are  villous,  the  caecal  surface  is  smooth. 

The  valves  can  be  most  easily  seen  by  drying  an  inflated  caecum  and  then  cutting  a  hole 
in  the  middle  of  the  fundus  of  the  chief  haustrum. 

259.  THE  VERMIFORM  APPENDIX  (fig.  538)  is  very  variable,  usually 
about  6-10  cm.  long  and  1  cm.  in  diameter,  and  is  generally  cylindroid  and 
blunt  ended.  It  has  a  continuous  longitudinal  and  circular  muscular  coat, 
and  its  mucous  membrane  is  rich  in  lymphoid  follicles  and  sometimes  presents 
one  or  more  mucous  folds.  The  vermiform  appendix  is  the  degenerated  long 
ancestral  csecum. 

In  the  lowest  fossa  of  the  caecum  the  hair-thread  worm,  trichocephalus  dispar,  is  not 
uncommonly  found. 

To  examine  the  haustra,  take  out  similar  pieces  of  the  transverse  colon  and  sigmoid 
flexure  and  examine  their  coats. 

260.  THE  RECTUM  is  best  examined  in  situ.  When  washed  out  and 
examined  from  below,  especially  with  the  body  on  its  hands  and  knees,  it  will 
be  seen  when  the  anus  is  dilated  with  a  speculum  that  there  are  certain  per- 
manent folds  of  the  mucous  membrane  visible  (Houston's  valves).  One  of  these 
is  on  the  left  and  hinder  side  of  the  gut,  about  3  cm.  above  the  anus,  and  a 
second  is  on  tlie  right  and  rather  in  front,  about  6  cm.  from  the  orifice.     The 


Fig.  540. — Nearly  horizontal  section  of  pelvis  through  the  left  acetabulum  and  below  the 
right,  showing  the  rectum  and  Houston's  valve.  In  this  body  the  rectum  was  distended 
with  faeces  when  frozen.     For  other  references  see  §  303. 

second  is  the  more  prominent  and  often  projects  as  a  broad  shelf,  but  can  be 
obliterated  by  cutting  the  m.  prserectalis,  which  here  wrinkles  the  gut.  The 
dilatation  below  the  second  fold  is  the  ampulla  analis.  It  bulges  forwards,  and 
gives  the  anus  the  appearance  of  being  bent  backwards. 

The  ischio-rectal  fossa  should  now  be  opened  and  the  superficial  sphincter 
ani  removed.     Beneath  it  the  circular  muscular  fibres  of  the  lower  portion  of 
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the  gut  are  seen  to  be  thickened  and  to  form  a  strong  engirdling  ring,  the 
deep  sphincter  ani,  about  6  mm.  from  the  cutaneous  orifice.  The  circular 
fibres  are  fairly  uniform  from  this  upwards,  but  sometimes  thicken  a  little,  12 
cm.  above  the  anus.  The  longitudinal  fibres  descend  outside  these  and  are  lost 
in  the  connective  tissues  around  the  anus. 

The  upper  thickening  of  circular  fibres,  when  present,  constitutes  the  sphincter  tertius. 

Detach  the  levator  ani  muscle  on  one  side  from  the  lower  end  of  the  intestine  and  draw 
the  gut  forwards  ;  a  band  of  unstriped  but  reddish  muscle  can  be  found  passing  to  each  side 
of  the  rectum  from  the  second  coccygeal  vertebra,  forming  a  recto-coccygeux  muscle,  which  is 
lost  in  the  lower  part  of  the  longitudinal  musculature  behind. 

The  mucosa  of  the  lower  part  of  the  rectum  is  thick  and  vertically  folded. 
The  folds  are  7-14  mm.  long  and  5-8  in  number  (Columnse  recti  of  Mor- 
gaglli,  fig.  539),  and  contain  a  thickened  muscularis  mucosa?  and  descend  to 
the  anus,  which  in  section  appears  as  an  opening  with  a  linear  stellate  lumen 
(fig.  596).  The  muscularis  mizcosse  is  o'2  mm.  thick  in  the  lower  third  of  the 
rectum  though  only  0-03  thick  in  the  colon.  There  are  no  glands  in  the  mucosa 
at  the  anus,  and  the  columnar  epithelium  ends  in  a  narrow  zone  of  transitional 
epithelium,  becoming  stratified  and  scaly  at  a  wavy  line. 

The  vessels  around  the  anus,  instead  of  ending  in  a  plexus  in  the  submucosa,  pass  in 
parallel  lines  towards  the  anus  in  the  mucosa,  and  are  joined  by  crossing  branches. 

261.  LIVER. — The  position  and  peritoneal  relations  of  the  liver  have  been  already 
noted  (pp.  386,  392),  but  should  now  be  reviewed  and  the  ligaments  re-examined.  The 
round  ligament  may  be  cut  about  an  inch  from  the  edge  of  the  liver. 


Coronary 
ligament, 
left  end. 


Sinus  venosus  of  inferior 
vena  cava. 


Ponticulus. 

Cut  edge  of  coronary 
ligament. 

Inferior  layer  of  same. 

Roof  of  foramen  of  Winslow. 

Anterior  layer  of  cor.  ligt. 

Vena  portx. 

Cystic  duct. 

Hepatic  attachment  of  lesser 

omentum. 
Right  lateral  ligament. 


Fig..  541. — Under  surface  of  liver  as  it  appears  when  removed  from'a  frozen  body. 

The  smooth,  unequally  convex  upper  surface  is  moulded  to  the  diaphragm 
and  to  a  small  part  of  the  front  wall  of  the  abdomen  beneath  the  metasternum, 
and  is  divided  into  right  and  left  lobes  by  the  falciform  ligament.  Along  this 
line  and  to  the  left  is  a  shallow  depression,  corresponding  to  the  heart.  The 
anterior  or  thin  edge  of  the  liver  presents  two  notches,  one  opposite  the  carti- 
lage of  the  ninth  rib  for  the  fundus  of  the  gall-bladder,  and  one  nearer  the 
median  line  for  the  obliterated  umbilical  vein. 

The  inferior  surface  of  the  liver  is  irregular,  divided  into  five  lobes,  right, 
left,  quadrate,  Spigelian,  and  caudate,  by  five  fissures,  which  are  arranged  like  a 
capital  y/,  the  crossbar  being  the  transverse  fissure ;  the  two  foremost 
sagittal  lines  being  respectively,  a  fissure  for  the  gall-bladder  to  the  right  and 
for  the  umbilical  vein  to  the  left.     The  hinder  continuations  of  these  are  for 
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the  vena  cava  to  the  right  and  for  the  ductus  venosus  to  the  left.  The  under 
surfaces  of  the  left  and  quadrate  lobes  are  concave  where  they  rest  upon  the 
stomach.  The  inferior  surface  of  the  right  lobe  is  concave  anteriorly  for  the 
hepatic  flexure  of  the  colon  and  posteriorly  for  the  upper  surface  of  the  right 
kidney,  and  close  to  the  middle  of  the  gall-bladder  is  impressed  by  the  first 
part  of  the  duodenum,  behind  which  the  lobus  caudatus  is  facetted  for  the 
pancreas.  Posteriorly  the  liver  comes  in  contact  with  the  diaphragm  and  the 
hinder  wall  of  the  abdomen  by  a  narrow  posterior  surface  separated  from 
the  upper  surface  by  the  upper  line  of  reflection  of  the  peritoneum  of  the 
coronary  ligament,  and  from  the  lower  on  the  right  side  by  the  lower  line  of 
reflection,  and  on  the  left  side  by  a  prominent  knob  of  the  left  lobe  (tuber 
Omentale),  behind  the  left  end  of  the  transverse  fissure  and  by  lines  drawn 
therefrom  to  the  left  extremity  and  to  the  peritoneal  reflection  on  the  vena 
cava.  When  the  liver  is  removed  and  its  vessels  emptied,  the  distinction 
between  this  surface  and  the  inferior  becomes  obsolete.  The  posterior  surface 
is  deeply  notched  in  the  middle  for  the  vertebral  column  and  is  indented  by  the 
inferior  vena  cava,  which  is  sunk  into  the  hepatic  substance.  To  the  right  of 
the  vena  cava  under  cover  of  the  lower  border  of  the  coronary  ligament,  the 
liver  is  facetted  by  the  right  suprarenal  capsule.  To  the  left  of  the  vena  cava 
is  the  vertical  hinder  surface  of  the  Spigelian  lobe,  leftward  of  which  the 
posterior  surface  of  the  left  lobe  is  vertically  grooved  by  the  oesophagus.  The 
lower  surface  of  the  caudate  lobe  forms  the  upper  boundary  of  the  foramen  of 
Winslow,  and  the  lower  end  of  the  Spigelian  lobe  projects  as  a  rounded 
eminence  (tuber  papillare)  to  form  the  roof  of  the  upper  omental  sac. 

The  liver  rises  and  falls  with  the  diaphragm  in  breathing,  the  dome-like  top 
of  the  right  lobe  rising  in  forced  expiration  as  high  as  the  horizon  of  the  upper 
border  of  the  eighth  dorsal  vertebra,  while  in  forced  inspiration  it  descends  to 
the  plane  of  the  upper  edge  of  the  ninth  dorsal.  The  position  of  the  organ 
likewise  varies  with  posture.  In  the  standing  position  in  the  adult,  the  edge  of 
the  liver  corresponds  to  the  lower  edge  of  the  right  costal  cartilages  as  far  as 
the  seventh,  crosses  about  2  cm.  below  the  metasternum,  and  extends  4  cm. 
beyond  the  median  line  to  the  left.  This  border  is  lower  in  young  persons  and 
in  females.  In  the  recumbent  position  on  the  back,  the  liver  gravitates  back- 
wards, the  lower  border  passing  at  least  1  cm.  above  the  lower  edge  of  the  ribs. 
In  the  attitude  of  lying  on  the  face  the  liver  gravitates  about  1  cm.  forwards, 
and  when  the  body  is  placed  on  the  side  there  is  a  certain  amount  of  lateral 
slide  permitted  by  the  ligaments  and  vessels  whereby  the  organ  is  fixed.  The 
ligaments  cannot  be  made  quite  tense,  but  in  each  position  some  one  or  other 
of  them  is  to  some  extent  stretched.  The  habitual  use  of  a  tightly-laced  corset 
displaces  the  liver  downwards,  in  extreme  cases  even  into  the  iliac  fossa.  The 
size,  and  to  some  extent  the  shape,  of  the  liver  are  liable  to  considerable 
changes  during  healthy  life.  The  organ  is  temporarily  diminished  in  size 
during  fasting,  permanently  in  old  age. 

These  relations  of  the  liver  and  the  course  of  its  vessels  should  be  studied 
while  the  liver  is  in  place. 

Lift  up  the  front  edge  of  the  gland  and  trace  the  vessels  which  enter  and 
leave  the  liver  at  the  transverse  fissure.  These  are — (1)  the  hepatic  artery, 
which  lies  in  front  and  to  the  left  (§  271);  (2)  the  common  bile  duct,  to  the 
right;  and  (3)  the  vena  porta?,  which  lies  behind  and  between  these  (§  294). 
Along  the  hepatic  artery  the  hepatic  plexus  of  nerves  should  be  traced  (§  295), 
and  between  the  artery  and  the  vein  are  the  hepatic  lymphatics  (§  295). 

The  common  bile  duet  appears  near  the  right  end  of  the  transverse 
Assure  formed  by  the  union  of  two  ducts,  the  cystic,  which  is  the  continuation 
of  the  tapering  end  of  the  gall-bladder,  and  the  hepatic,  which  arises  in  the 
transverse  fissure.     The  latter  is  formed  by  the  junction  of  two  ducts,  right 
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and  left,  which  emerge  from  the  hepatic  substance  in  the  transverse  fissure. 
The  common  bile  duct  (ductus  communis  Choledochus)  descends  in  the 
lesser  omentum  in  front  of  the  vena  porta?  and  to  the  right  of  the  hepatic  artery 
and  its  gastro-duodenal  branch  It  enters  the  right  pancreatico-gastric  fold  (p. 
390)  behind  the  first  part  of  the  duodenum,  and  is  crossed  by  the  pancreatico- 
duodenal artery  as  it  approaches  and  pierces  the  second  part  of  the  duodenum 
about  the  middle  of  its  second  stage  (§  255).  It  pierces  through  the  coats  of 
the  duodenum  very  obliquely,  above  the  point  where  the  greater  pancreatic 
duct  enters,  but  the  two  ducts  unite  before  they  pierce  the  mucous  membrane, 
which  they  usually  do  by  a  small  common  orifice,  which  is  most  easily  found  by 
passing  a  probe  downwards  through  the  duct  (fig.  529). 

The  union  is  sometimes  pathologically  dilated  iuto  a  small  sac  (diverticulum  Vateri). 
The  common  bile  duct  appears  stained  through  with  bile ;  but  this,  like  the  staining  of  the 
viscera  around  the  gall-bladder,  takes  place  after  death.     The  duct  consists  of  : — 

1.  A  thick  areolar  adventitious  coat. 

2.  A  layer  of  longitudinal  unstriped  muscle,  under  which  is  an  indefinite  and  imperfect 
layer  of  circular  fibres. 

3.  A  firm,  nearly  bilaminar  corium,  consisting  of  an  outer  coarse  areolar  tissue,  containing 
a  close-meshed  capillary  plexus  and  an  inner  delicate  basement  layer.  Long  branching  race- 
mose glands  pierce  this  through  the  whole  extent  of  the  duct. 

4.  A  high  columnar  epithelium  with  the  peculiar  striated  surface  layer  of  intestinal 
epithelium  (p.  23).     The  whole  duct  is  about  65  mm.  long. 

Divide  the  remaining  part  of  the  lesser  omentum  containing  the  vessels  about  2  cm. 
below  the  transverse  fissure,  and  by  removing  the  peritoneum,  which  forms  the  hinder  wall 
of  the  foramen  of  Winslow,  expose  the  vena  cava  inferior  below  the  gland.  Divide  this 
vessel  both  here  and  above  the  liver.  The  liver  is  to  be  removed  from  the  body  by  drawing 
it  downwards,  and  cutting  the  remaining  parts  of  the  peritoneal  ligaments,  and  dividing  the 
connective  tissue,  which  unites  the  hinder  surface  of  the  right  lobe  to  the  diaphragm, 
between  the  layers  of  the  coronary  ligament. 

The  liver  is  the  heaviest  organ  in  the  body,  weighing  in  the  adult  male  about  1,830 
grammes,  or,  when  its  vessels  are  filled  with  water,  about  1 ,970  grammes.  Its  volume  is  about 
1 '530  cm.,  its  specific  gravity  i'o65,  and  it  forms  about  -j^  of  the  weight  of  the  male  body, 
about  $g  of  that  of  the  female,  fa  of  the  weight  of  the  fcetus  at  birth,  and  ^  of  the  weight  of 
the  fourth  month  fcetus.  In  the  unnaturally  flattened  position  assumed  by  the  liver  when 
laid  on  the  table  it  measures  28  cm.  in  length,  19  cm.  in  breadth  at  its  widest  part,  and 
6  cm.  in  thickness  at  its  thickest  (right)  part. 

The  student  should  now  review  the  attachments  of  the  ligaments,  the 
boundaries  of  the  several  lobes,  and  the  points  of  entry  of  the  several  vessels 
on  its  lower  surface.  The  left  and  quadrate  lobe  will  be  seen  to  be  united  by 
a  bridge  (pons  hepatis)  which  may  be  either  a  delicate  membranous  shred  or 
a  thick  bridge  of  gland  tissue ;  beneath  it  the  obliterated  umbilical  vein  passes 
to  join  the  left  branch  of  the  vena  porta?  at  the  left  end  of  the  transverse 
fissure.  In  the  posterior  limb  of  the  longitudinal  fissure,  a  fine  white  cord, 
the  obliterated  ductus  venosus,  arising  from  the  left  branch  of  the  vena  portfe 
opposite  the  end  of  the  umbilical  vein,  can  be  traced  backward  to  join  the  left 
hepatic  branch  of  the  vena  cava.  The  Spigelian  lobe  projects  behind  the 
transverse  fissure,  and  the  caudate  appears  as  a  narrow  isthmus  joining  it  to 
the  right  lobe  in  front  of  the  vena  cava. 

In  colour  the  liver  is  reddish-brown,  in  texture  firm  but  brittle,  softer 
during  life  than  after  death;  hence,  violent  blows  upon  the  abdomen  may 
rupture  the  liver,  when  the  soft  parts  over  it  only  show  comparatively  slight 
marks  of  contusion. 

The  liver  is  invested  (1)  imperfectly  with  peritoneum,  deficient  (a)  between 
the  layers  of  the  coronary  ligament,  and  (b)  above  the  gall-bladder;  (2)  under 
the  peritoneum  is  a  thin,  firm,  elastic  areolar  investment,  visible  where  the  peri- 
toneum is  absent,  inseparable  from  the  serous  layer  elsewhere.  This  forms 
sheaths  around  the  vessels  entering  at  the  transverse  fissure,  which  are  called 

the  capsule  of  Glisson. 

Into  the  vena  cava  at  the  back  of  the  liver  there  pass  three  large  branches, 
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the  ven3B  cavae  hepaticSB,  returning  the  blood  from  the  organ.  If  one  of 
these  be  slit  open,  it  will  be  seen  to  be  made  up  by  the  union  of  many  smaller 
branches,  which  are  called  Sllblobular  veins.  These  vessels  are  so  closely  tied 
to  the  surrounding  liver  substance  that,  if  cut  across,  the  lumen  remains  open. 
The  liver  substance  consists  of  minute  polyhedral  lobules,  each  about  1-2  mm. 
in  diameter,  and  imperfectly  marked  off  from  each  other,  clustered  around  the 
sublobular  vein  upon  which  their  bases  rest.  In  the  axis  of  each  lobule 
there  runs  a  fine  vessel,  the  intralobular 
vein  (fig.  543,  V.c)  which  begins  in  the 
middle  of  each  lobule  and  pierces  the 
centre  of  its  base  to  empty  itself  into  the 
sublobular  vein  (ib.,  V.s). 

Each  lobule  consists  of  hepatic  cells 
and  vessels.  The  hepatic  cells  which  build 
up  the  great  bulk  of  the  organ  are  poly- 
gonal epithelial  cells  about  40/xin  diameter 
without  definite  walls,  and  consequently  ^g-  542. -Hepatic  cells-6,  oil  globules  ; 
■,.,,.        r,  1       .,,  ^       ,     J  c,   young   cell;    d,   border   of    contact 

amoeboid  during  lite,  and  with  one  or  two        -with  capillary 

rounded  nuclei,  a  distinct  intracellular  net- 
work with  a  few  pigment  specks  and  oil  globules  (fig.  542).    These  cells  are  closely 
packed  together  in  the  lobules  whose  shapes  are  determined  by  the  arrange- 
ment of  the  blood-vessels,  as  the  lobules  in  the  human  liver  have  no  connective 
capsules,  but  become  confluent  where  they  are  not  separated  by  vessels. 

Entering  the  liver  at  the  transverse  fissure  are  the  right  and  left  branches 
of  the  vena  porta?,  each  of  these  carries  with  it  a  thickened  connective  prolon- 
gation of  the  areolar  investment  of  the  liver,  the  capsule  of  Glisson,  which  also 
invests  the  branches  of  the  hepatic  artery  and  hepatic  duct,  indeed  the  branches 
of  the  artery,  duct,  and  vena?  porta?  run  together  enveloped  in  prolongations  of 
this  sheath  as  far  as  the  lobules.  The  branches  of  each  as  they  run  side  by  side 
included  in  the  common  connective  envelope  are  called  vaginal  branches.  In 
sections  through  the  liver,  cut  branches  of  the  vena  porta?  may  be  distinguished 
from  those  of  the  vena  cava  by  their  being  accompanied  by  an  artery  and  a 
duct,  as  well  as  by  the  investing  capsule.  Lymph  vessels,  lymph  spaces,  and 
nerves  also  lie  in  the  processes  of  the  capsule  of  Glisson. 

From  the  vaginal  branches  of  the  vena  porta?  there  arise  interlobular 
branches  which  pass  between  the  hepatic  lobules,  and  by  their  anastomoses 
form  networks  around  each  lobular  clump  of  hepatic  cells.  These  interlobular 
veins  are  surrounded  by  a  very  delicate  connective  tissue,  and  send  in  lobular 
branches  which  form  a  close  centripetal  capillary  network  with  elongated 
meshes   in  the  hepatic   cells  of  the   lobule,   discharging  their  blood  into  the 

central  intralobular  vein. 

The  area  iu  each  lobule  around  the  central  vein  (the  hepatic  vein  zone)  is  liable  to  pigment 
changes  and  is  darkest.  The  peripheral  or  portal  area  is  liable  to  fatty  degeneration,  the 
intermediate  (or  arterial  zone)  to  amyloid  disease.  The  delicate  connective  tissue  arouud 
the  minute  vessels  proliferates  in  the  gin-drinker's  liver,  causing  the  characteristically 
nodulated  appearance.  The  blood  capillaries  run  along  the  interspaces  between  the  angles 
of  contiguous  cells,  and  each  is  in  contact  with  several  cells  at  each  plane  of  section. 

The  branches  of  the  hepatic  artery  are  much  smaller  than  those  of  the  vena 
porta?.  They  give  off  (1)  capsular  branches,  which  supply  not  only  the  connective 
tissue  of  Glisson's  capsule  but  also  the  investing  areolar  capsule  of  the  surface  of 
the  organ;  (2)  interlobular  branches  break  up  into  capillaries  outside  and  around 
the  lobule,  supplying  the  walls  of  the  portal  veins  and  of  the  ducts,  and  ending 
in  two  areas.  (A)  In  some  places,  as  on  the  surface  of  the  liver,  these  capillaries 
can  be  seen  uniting  into  minute  venous  radicles,  which  sometimes  appear  stel- 
late (the  inner  roots  of  the  portal  veins),  which  again  subdivide  and  directly 
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join  the  lobular  capillary  plexus  of  the  vena  porta?.  (B)  It  is  difficult  to  trace 
direct  anastomoses  of  the  arterial  and  portal  capillaries,  but  such  have  been 
seen  near  the  periphery  of  the  lobules.  The  arterial  capillaries  are  very  fine 
and  cannot  be  injected  except  through  the  artery  directly. 

The  bile  duct  capillaries  begin  as  apparently  wall-less  channels  usually 
between  the  sides  not  the  angles  of  contiguous  cells.  Into  these  there  appear- 
to  pass  minute  intercellular  channels,  starting  from  vacuoles  in  the  neighbour- 
ing cells.  These  capillary  ducts  which  form  a  network  of  channels  around  each 
cell  unite  into  minute  lobular  ducts,  which  appear  at  first  to  have  a  homogeneous 


Fig.  543. — Scheme  of  hepatic  lobule — V.c  being  the  central  intralobular  vein  passing  into 
the  sublobular  vein  (V.s)  ;  V. i,  interlobular  branch  of  portal  vein;  c,  capillaries  in 
lobule  ;  A,  hepatic  artery  giving  off  interlobular  and  lobular  branches,  as  well  as 
branches  to  the  capsule  of  Glisson  (r)  and  vasa  vasorum  to  the  large  veins,  the  blood 
from  these  returns  by  the  venae  vascularis  (i)  into  the  intralobular  vein ;  g,  lobular 
branches  of  the  bile  duct,  beginning  by  intercellular  passages  between  the  bile  cells  at  x. 
The  position  of  the  hepatic  cells  between  the  capillaries  is  shown  at  d.  II,  isolated 
hepatic  cells  beside  a  capillary,     x  300. 

wall,  and  escaping  from  the  lobule  these  unite  to  form  ducts ;  these,  uniting, 
form  the  larger  vaginal  ducts  which  traverse  the  portal  canals,  and  ultimately 
form  the  right  and  left  trunks,  which  emerge  at  the  transverse  fissure.  The 
larger  ducts  resemble  the  common  bile  duct  in  structure  but  have  a  richer 
supply  of  branched  racemose  gland  follicles  in  their  walls. 

The  branches  of  the  hepatic  plexus  of  nerves  (§  295)  travel  in  the  portal 
canals,  and  consist  for  the  most  part  of  non-medullated  fibres,  together  with  a 
few  double-contoured  nerves,  probably  derived  from  the  right  vagus.  They 
enter  the  liver  in  two  series,  one  (the  principal)  around  the  arteries,  the  other 
around  the  ducts,  a  very  few  lying  on  the  walls  of  the  vena  portae.  The  nerves 
of  the  liver  are  remarkably  small  in  size  in  proportion  to  the  size  of  the  organ. 
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They  form  minute  ganglia  on  the  arterial  Avails.  The  nerve  endings  are  not 
known ;  most  of  the  filaments  are  lost  in  the  walls  of  the  vessels,  but  some  seem 
to  form  an  interlobular  plexus  from  which  fine  intercellular  branches  are  pro- 
longed to  end  on  the  surface  of  the  hepatic  cells.  Filaments  of  the  right 
phrenic  not  only  pass  directly  into  the  surface  of  the  right  lobe  at  the  coronary 
area,  but  also  pass  through  the  phrenic  ganglion  of  the  sympathetic  (§  295). 

The  hepatic  lymphatics  are  proportionally  numerous,  and  are  arranged  in  two  sets.  The 
sub-peritoneal  series  form  a  superficial  network  of  large  branches  with  few  valves,  and 
communicate  with  the  lymphatics  of  the  diaphragm  and  anterior  mediastinum  through  the 
falciform  ligament  by  six  or  seven  trunks.  Those  of  the  left  lobe  pass  in  the  left  lateral 
ligament  to  join  the  oesophageal  lymphatics  at  the  diaphragm.  Most  of  the  superficial 
lymphatics  pass  to  the  transverse  fissure  and  there  communicate  with  the  three  small 
lymphatic  glands  in  front  of  the  vena  port*  in  the  lesser  omentum.  The  deep  lymphatics 
begin  as  perivascular  spaces  between  the  lobules  and  as  lymph  spaces  in  the  shreds  of 
interlobular  connective  tissue.  They  pass  out  in  the  portal  canals  close  to  the  branches  of 
the  vena  portte,  joining  the  superficial  lymphatics  in  the  transverse  fissure. 

262.  THE  GALL-BLADDER  (figs.  526,  541),  best  seen  when  moderately  in- 
flated through  its  duct,  is  a  pear-shaped  sac  about  10  cm.  long,  3  cm.  in  diameter 
at  its  widest  end,  and  capable  of  holding  about  20  c.cm.  (21  grms.)  of  bile.  It  lies 
in  the  groove  between  the 
right  and  quadrate  lobes, 
and  consists  of  fundus, 
body,  and  neck.  The 
fundus  is  covered  with 
peritoneum,  directed  for- 
wards, and  touches  the 
abdominal  wall  below  the 
front  end  of  the  cartilage 
of  the  right  ninth  rib. 
The  body  is  clothed  with 
peritoneum  below,  and 
lies  over  the  hepatic  end 
of  the  transverse  colon, 
the  pyloric  end  of  stomach 
and  the  beginning  of  the 
duodenum ;  above,  it  is 
closely  tied  by  areolar 
tissue  to  the  under  sur- 
face of  the  liver.  The 
neck  narrow's  backwards, 
and,  becoming  bent    into 

an  S-Hke  fold,  ends  at  the  transverse  fissure  of  the  liver  by  becoming  the 
cystic  duct,  through  which  alone  its  cavity  communicates  with  the  other  tubes 
of  the  liver. 

In  the  erect  posture  of  the  body  the  fundus  of  the  gall-bladder  is  its  lowest 
part,  so  the  bile  naturally  flows  hereinto  when  the  stomach  is  undistended. 
From  the  lower  surface  of  the  neck  the  free  border  of  the  lesser  omentum 
descends  as  a  fold  either  to  the  duodenum  or  colon  (fig.  526,  19). 

Beneath  the  outer  imperfect  coating  of  peritoneum  of  the  gall-bladder  is  the 
middle  COat  of  dense  areolar  tissue  containing  smooth  muscular  fibres,  both 
longitudinal  (mostly  at  the  fundus)  and  circular  (mostly  at  the  neck),  but 
these  do  not  form  separate  strata. 

Branches  of  the  cystic  artery  ramify  in  this  layer,  each  accompanied  by  two  veins  which 
ultimately  join  either  (A)  branches  of  the  vena  porta?  at  the  transverse  fissure,  or  (B)  the 
superior  pancreatico-duodenal  vein.  The  cystic  branches  of  the  hepatic  plexus  of  nerves  also 
subdivide  in  this  layer,  and  bipolar  ganglion  cells  are  often  found  in  the  angles  of  division  of 
its  filaments. 


Valves  of Heister. 

Common  hepatic 

duct. 


Common  bile  duct. 


Fig.  544.  —Gall-bladder  and  ducts  cut  open,  showing 
valvular  folds. 
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The  muCOUS  membrane  shown  by  opening  the  sac  is  irregularly  depressed 
into  minute  honeycomb-like  pits,  separated  by  sharp  ridges,  which  become 
more  prominent  when  the  vessels  are  minutely  injected.  At  the  neck  of  the 
sac  these  ridges  become  modified  into  seven  or  eight  successive  oblique  folds 
which,  taken  together,  appear  as  a  screw-like  valve  (valves  of  Heister),  thereby 
the  ingress  and  egress  of  the  bile  is  made  slower,  but  is  not  stopped. 

The  mucous  membrane  has  a  distinct  muscularis  mucosa?,  and  its  high  columnar  epithelium 
has  a  striated  surface  layer  like  that  in  the  intestine.  Near  the  neck  of  the  bladder  there 
are  large  saccular  glands  like  those  in  the  common  bile  duct.  The  cystic  duct  is  about  2  cm. 
long,  and  sinuously  carved  as  far  as  its  junction  with  the  hepatic  duct. 

263.  THE  LEFT  LATERAL  LIGAMENT  contains  between  its  layers  minute  net-like 
branches  of  the  vena  porta?,  hepatic  artery  and  duct,  the  traces  of  a  rudimental  lobe.  A 
similar  plexus  exists  in  the  bridge  of  tissue  which  passes  at  the  back  of  the  vena  cava  from 
the  hinder  surface  of  the  Spigelian  to  that  of  the  right  lobe  (ponticulus  hepatis). 

264.  DEVELOPMENT.— The  liver  is  the  earliest  of  the  abdominal  organs  to  differentiate, 
appearing  in  the  second  week  as  a  pair  of  diverticula  from  the  digestive  tube  below  the 
stomach  (fig.  29).  These  extend  into  the  septum  transversum  towards  the  heart,  having  be- 
tween them  the  vein  of  the  hypoblast  (vena  porta?).  They  consist  of  a  thick  lining  layer  of  hypo- 
blast cells,  leaving  but  little  lumen,  and  a  thick  outer  investment  of  mesoblast  which  becomes 
practically  indiscriminable  from  the  mesoblast  of  the  ventral  mesentery.     From  the  cellular 

walls  of  these  outgrowths  there  arise  numerous 
and  rapidly  branching  columns  of  hypoblast  cells, 
which  form  a  network  of  solid  cellular  cords, 
in  the  mesoblast  of  whose  interspaces  vessels 
arise.  Along  with  these  and  between  the  solid 
masses  of  cells  so  arising,  branching  tubular  ex- 
tensions of  the  primitive  diverticula  develope, 
making  a  primary  system  of  ducts  for  the  organ. 
The  allantoic  veins  which  were  at  first  prehepatic 
become  united  to  the  vena  porta?  below  it,  and 
thereby  another  and  larger  stream  of  blood  is  sent 
through  the  organ  stimulating  its  growth ;  these 
vessels  become  broken  up  into  a  rete  by  the  in- 
vasion of  the  columns  of  hypoblast  cells.  At  first 
the  liver  is  composed  of  two  separate  parts  right 
and  left,  derived  from  the  primary  diverticula,  but 
these  speedily  become  united  by  the  formation  of 
an  intermediate  mass,  developed  behind  the  trans- 
verse fissure  and  its  vessels.  When  thus  fused  the 
organ  appears  to  consist  of  three  primary  lobes — 
right,  left,  and  inferior.  The  latter  expands  on 
each  side  of  the  vena  cava,  that  on  the  right 
becoming  the  Spigelian,  that  on  the  left  the  caudate 
lobe,  but  in  man  the  latter  early  coalesces  with 
the  right  lobe,  although  traces  of  its  primitive 
distinctness  are  occasionally  present.  One  of  the 
primitive  diverticula  on  the  inferior  part  of  the 
right  lobe  dilates  and  becomes  saccular,  forming  the 
gall-bladder,  the  gland  cells  round  it  atrophying. 
The  quadrate  is  only  a  subdivision  of  the  right  lobe. 
The  liver  rapidly  enlarges  from  the  second  to 
the  seventh  week,  being  at  the  end  of  the  second 
month  one-third  the  weight  of  the  body,  and  be- 
ginning to  secrete  at  the  end  of  the  third  month. 
At  the  fifth  month  it  is  one-seventh  of  the  body- 
weight,  and  at  the  eighth  is  one -twentieth.  The 
right  lobe  even  at  first  is  a  little  larger  than  the 
:  1 -6,  but  in  the  adult  they  are  as  1  :  4/5.  As  the 
liver  grows,  the  wall  of  the  primitive  intestine  joining  the  two  primary  processes  of  out- 
growth becomes  elongated  and  forms  the  duct,  whose  cavity  is  largely  formed  by  diaccelosis. 
The  vasa  aberrantia  of  the  ponticulus,  left  lateral  ligament,  and  gall-bladder  wall  are 
traces  of  lobules  which  have  atrophied. 

Anastomoses  between  the  hepatic  and  parietal  vessels  are  very  few  even  at  its  diaphrag- 
matic area  of  contact,  hence,  as  local  superficial  depletion  cannot  relieve  congestion  of  the 


Fig.  545.  —  Foetal  abdomen  opened, 
showing  the  great  size  of  the  liver — 
I,  thyroid;  2,  clavicles;  3,  thymus; 
4,  heart;  5,  left  lung;  6,  left  lobe  of 
liver ;  7,  undescended  testis ;  8,  guber- 
naculum;  9,  umbilical  arteries;  10, 
bladder  ureter;  (13),  urachus ;  14, 
umbilical  vein ;  15,  right  lobe  of  liver; 
16,  right  lung. 

left,  at  birth  they  are  to  each  other  as  1 
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liver,  it  has  been  an  old  practice,  based  on  the  observed  frequency  of  piles  in  liver  disease, 
to  deplete  the  liver  by  leeching  the  verge  of  the  anus,  and  so  drawing  blood  from  the 
intestinal  veins. 

265.  THE  PANCREAS  is  a  compound  racemose  gland  (fig.  546),  of  a  pinkish 
cream-colour  and  soft  texture,  lying  across  the  first  lumbar  vertebra  on  the 
hinder  wall  of  the  abdomen,  behind  the  stomach  and  between  the  coeliac  axis 
above  and  the  superior  mesenteric  artery,  which  it  overlaps,  below. 

It  can  be  seen  in  the  present  dissection  as  the  stomach  has  been  already  removed,  but  in 
a  fresh  abdomen  it  can  be  shown  most  easily  by  dividing  the  great  omentum  below  the 
stomach  and  raising  that  viscus. 

It  consists  of  a  large  right  end,  the  head,  a  middle  part  or  body,  and  a 
left  end  or  tail.  In  its  natural  place  it  is  moulded  to  the  surrounding  organs, 
and  is  consequently  very  irregular,  but  anterior  and  posterior  surfaces  can  be 
recognised  as  well  as  a  thin  upper  and  a  thicker  lower  edge.  When  removed 
from  the  body  it  appears  as  a  long  flat  organ  somewhat  like  a  dog's  tongue. 
The  head  is  closely  attached  to  the  concavity  of  the  loop  of  the  duodenum, 
which  it  fills,  its  upper  border  projecting  towards  the  foramen  of  Winslow  as  a 
i*ounded  boss,  the  tubeP  omentale,  its  posterior  surface  is  grooved  by  the 
common  bile  duct  and  lies  on  the  inferior  vena  cava,  and  its  lower  part  descends 
to  the  level  of  the  right 
side  of  the  second  lumbar 
vertebra,  or  even  lower, 
following  the  duodenal 
loop.  At  the  junction  of 
the  head  and  the  body  the 
superior  mesenteric  artery 
and  vein  pass  behind  the 
gland,  the  left  edge  of 
whose  head  is  hooked  a- 
round  the  latter  so  that 
the  vein  lies  in  a  deep 
gutter  or  channel  in  the 
gland,  the  reflected  border 
passing  quite  behind  the 
vein,  but  not  behind  the 
artery  (fig.  546,  m.)  The 
body  lies  upon  the  aorta, 
the  splenic  vein  (which 
grooves  it),  the  termina-  Fig.  546. — Pancreas  in  situ,  shown  by  dividing  and  removing 
tion  of  the  inferior  mesen-  the  transverse  colon  and  mesocolon  and  the  stomach, 
teric  vein,  the  left  crus  of 

the  diaphragm,  and  the  left  suprarenal  capsule  ;  the  tail  of  the  pancreas  lies  on 
the  left  kidney  and  its  vessels,  and  its  left  end  is  in  contact  with  the  spleen. 
The  lower  border  of  the  body  and  tail  lies  above  the  third  part  of  the  duodenum, 
is  tilted  forwards  by  the  superior  mesenteric  vessels  medially,  and  lies  on  the 
root  of  the  mesocolon  and  on  the  beginning  of  the  descending  colon.  The 
peritoneum  of  the  hinder  wall  of  the  lower  omental  sac  lies  in  front  of  it,  but 
the  amount  of  covering  depends  on  the  width  of  the  opening  between  the 
two  pancreatico-gastric  folds  which  are  attached  to  its  upper  edge  (§  251), 
while  the  coeliac  axis  grooves  it  in  the  middle  above,  and  the  splenic  artery 
runs  tortuously  to  the  left  along  its  upper  border  above  its  vein.  The 
extremity  of  the  tail  of  the  pancreas  projects  into  the  parieto-splenic  ligament 
of  peritoneum. 

The  pancreas  has  an  indefinite  areolar  capsule  which  sends  in  processes  around  its  lobules, 
and  vessels  enter  it  at  many  points  along  its  border.     Above  and  to  the  right  it^  receives 
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branches  from  the  pancreatico-duodenalis  superior  (p.  422),  and  below  from  the  pancreatico- 
duodenalis  inferior  (p.  423),  while  to  the  left  it  receives  the  pancreatica  magna  and  pancreaticce 
parvai  from  the  splenic. 

266.  THE  PANCREATIC  DUCT  (of  Wirsung)  can  be  shown  by  scraping 
through  the  front  of  the  gland;  it  begins  in  the  middle  of  the  thickness  of  the 
pancreas  near  its  tail,  and  passes  horizontally  rightward  not  quite  in  the  middle 
of  the  organ,  but  a  little  nearer  its  lower  and  back  part  (fig.  547).  It  is  a  thin- 
walled  white  tube,  2  mm.  in  diameter,  and  receives  from  the  different  lobules  of 
the  gland  numerous  branches  which  pass  into  it  at  right  angles.     Eventually  it 

Pancreatic  duct.  Common  bile  duct. 
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Fig.  547. — Pancreas  and  duodenum  removed  from  the  body  and  seen  from  behind.     The 

gland  is  cut  to  show  the  ducts. 

curves  downwards  and  approaches  the  wall  of  the  duodenum  in  company  with  the 
bile  duct.  Near  its  right  end  it  receives  a  large  branch  from  the  lower  lobules 
of  the  head,  and  it  sends  upwards  a  small  branch  which  ascends  in  a  loop  through 
the  upper  portion  of  the  head,  receiving  many  minute  branches.  This  branch, 
turning  rightwards,  opens  independently  as  the  accessory  pancreatic  duet 
(duct  of  Santorini),  on  a  small  papilla  about  4  cm.  above  the  common  opening 
of  the  bile  and  pancreatic  duct  (fig.  529). 

The  nerves  to  the  pancreas  come  from  the  semilunar  ganglia  in  three  sets,  one  on  the 
splenic,  another  on  the  gastro- duodenal,  and  a  third  on  the  superior  mesenteric  arteries. 
They  are  mostly  non-medullated,  but  a  few  are  double  contoured.  Ganglion  cells  are 
sparingly  scattered  at  the  points  of  branching  and  reunion  of  the  nerve  plexuses.  Lympha- 
tics are  abundant,  beginning  as  perivascular  spaces ;  and  lymphoid  nodules  lie  between  the 
glandular  pouches.  These  lymphatics  empty  themselves  into  two  glands  which  lie  on  the 
superior  mesenteric  artery. 

In   structure  the  pancreas   is   a  compound   racemose  gland  divisible  into 
primary,  secondary,  and  tertiary  lobules  which  are  united  by  lax  areolar  tissue. 

The  chief  ducts  are  lined  by  unstriated  columnar 
epithelium,  and  they  commence  in  intercalary 
ducts  lined  by  flattened  epithelium.  These  arise 
from  the  terminal  alveoli  which  are  tubular,  often 
convoluted,  and  with  a  very  small  lumen,  into 
which  spindle-shaped  central  cells  (centro-aeinaP 
Cells)  project,  continuous  with  the  epithelium  of 
the  intercalary  ducts.  The  secreting  cells  are 
broadly  columnar,  having  an  inner  granular  part 
next  the  lumen,  an  outer  clear  and  faintly  striated 
part  next  the  basement,  and  an  intermediate 
nucleus.  Fine  intercellular  canaliculi  appear  to 
Glomeruli   of  lymph   cells,    with    minute   vascular 


Fig.  548. — Section  of  fresh 
pancreas. 


exist   between   the   cells. 

tufts,  intervene  between  the  alveoli. 
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The  whole  gland  is  about  18  cm.  long,  4  cm.  broad,  and  15  cm.  thick.  Its  weight  is 
about  75  grammes  and  its  bulk  about  65  cubic  centimetres.  The  duct  of  the  pancreas  has  a 
number  of  simple  or  racemose  gland  follicles  in  its  wall. 

The  pancreatic  secretion  after  death  softens  the  textures  about  the  lower  and  back  parts 
of  the  gland,  hence  the  pancreatico-duodenal  arteries  are  very  liable  to  give  way  during 
the  injection  of  a  body  which  has  been  several  days  dead. 

Development. — The  pancreas  begins  as  a  tubular  outgrowth  from  the  back  of  the  intes- 
tine below  the  stomach  and  behind  the  biliary  diverticula  (fig.  29).  This  appears  at  the  end  of 
the  fourth  week  and  extends  by  the  growth  and  division  of  the  fundus  of  the  projection. 
A  second  diverticulum  projects  a  little  above  the  first,  and  soon  fuses  with  it  making  the 
upper  part  of  the  head  of  the  pancreas.  The  primitive  tubules  of  outgrowth  become  the 
permanent  ducts  (p.  15). 

1  267.  THE  ABDOMINAL  AORTA  (fig.  549)  begins  Avhere  the  thoracic  aorta 
(§  213)  ends  at  the  twelfth  dorsal  vertebra,  and  descends  thence  on  the  front 
of  the  bodies  of  the  vertebra?,  and  a  little  to  the  left  of  the  middle  line.     On 


Fig.  549. — Abdominal  aorta. 

reaching  the  intervertebral  disc  between  the  fourth  and  fifth  lumbar  vertebrae, 
it  gives  off  the  two  common  iliacs  (ib.,  9),  and  suddenly  diminishes  in  size, 
being  continued  along  the  middle  of  the  sacrum  under  the  name  of  the  middle 
Sacral  artery  (ib.,  3).  This  vessel  extends  to  the  front  of  the  coccyx,  where 
it  is  called  the  middle  coccygeal  artery,  and  terminally  pierces  the  floor  of 
the  pelvis  to  end  in  the  coccygeal  glomerulus  (§  220). 

These  parts,  however,  for  convenience,  may  be  considered  separately,  and  the  name, 
abdominal  aorta,  is  usually  limited  to  the  supra-iliac  part,  which  is  15  cm.  long  and  21  mm. 
in  diameter  at  its  beginning,  17  mm.  at  its  end. 

Relation. — It  is  covered  from  above  downwards  by  the  middle  arcuated 
ligament  of  the  diaphragm,  the  right  lobe  of  the  liver,  the  solar  plexus  around 
the  cceliac  artery,  the  lesser  omentum,  oesophagus  and  stomach,  pancreas, 
ascending  layer  of  -the  transverse  mesocolon,  third  part  of  the  duodenum,  left 
renal  vein  (ib.,  13)  and  origin  of  the  vena  porta?,  transverse  mesocolon  and  its 
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descending  layer  (forming  the  root  of  the  mesentery  and  attached  to  the  small 

intestines),  and  the  aortic  plexus  of  nerves. 

To  its  right  side  lies  the  inferior  vena  cava  (12),  which  above  is  on  a  plane 

anterior  to  it,  but  below  is  on  a  plane  posterior.     On  a  plane  between   the 

artery  and  vein  are  the 
right  crus  of  the  dia- 
phragm, the  Spigelian  lobe 
of  the  livei",  the  right  great 
splanchnic  nerve,  the  com- 
mencement of  the  vena 
azygos,  and  thoracic  duct ; 
below,  the  vein  is  close  to 
the  artery  and  overlapped 
by  it.  Leftward  of  the 
aorta  is  the  left  splanchnic- 
nerve,  the  left  crus  of  the 
diaphragm,  the  tail  of  the 
pancreas,  and  the  small  in- 
testines. Behind  the  aorta 
are  the  vertebral  bodies 
and  discs  and  anterior 
common  spinous  ligaments, 
the  origin  of  the  left  crus 
of  the  diaphragm,  and  the 
left  lumbar  veins. 


268.  THE  BRANCHES 

of  the  abdominal  aorta  are 

twofold,   (1)  parietal 

branches,  which  are  bila- 
terally symmetrical, 
phrenics     and      lumbars ; 

(2)  visceral  branches, 

which  may  be  (A.)  sym- 
metrical, as  the  suprarenal, 
renal,  and  spermatic ;  or 
(B. )  unsymmetrical  medio- 
ventral,  as  the  coeliac  and 
the  two  mesenteric  arteries. 
In  order  from  above  down- 
wards these  branches  are 
(1)  phrenic;  (2) suprarenal; 

(3)  coeliac ;  (4)  first  lumbar; 
(5)  renal;  (6)  second  lumbar; 

(7)  superior     mesenteric; 

(8)  spermatics;  (9)  third 
lumbar;  (10)  inferior 
mesenteries ;  (11)  fourth 
lumbar;  (12)  common 
iliacs. 

269.  THE  PHRENIC 
ARTERIES  are  two,  arising  from  the  front  of  the  aorta  as  it  enters  the 
abdomen.  The  right  passes  between  the  middle  and  the  right  leaflets  of 
the  tendon  of  the  diaphragm,  behind  and  to  the  left  of  the  vena  cava,  to 
supply  the  muscular  part  of  the  diaphragm;  it  gives  off  (1)  a  lateral  branch 


cotcygeal 
oodif. 

Fig.  550. — Scheme  of  branches  of  abdominal  aorta. 
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to  the  costal  part  of  the  muscle ;  (2)  a  central  branch  to  the  border  of  the 
central  tendon;  (3)  a  branch  to  the  caval  opening;  (4)  several  small  hepatic 
capsular  branches ;  (5)  the  right  superior  suprarenal  branch.  The  left  phrenic 
separates  the  aortic  from  the  oesophageal  opening  of  the  diaphragm,  and  sends 
lateral  and  central  branches,  like  those  of  the  right,  as  well  as  oesophageal  and 
suprarenal  branches.  Along  the  border  of  the  muscles  they  anastomose  with 
the  six  lower  intercostal  and  the  internal  mammary  arteries. 

270.  THE  LUMBAR  ARTERIES  are  four  pairs,  which  pass  out  at  right 
angles  from  the  hinder  surface  of  the  aorta,  one  on  each  side  of  each  vertebra 
close  to  the  disc,  each  vessel  runs  outwards  and  a  little  downwards  around  the 
side  of  the  body  of  the  vertebra,  the  first  and  second  pair  behind  the  crura  of 
the  diaphragm  and  psoas  muscles,  supplying  the  muscles  which  border  them, 
by  branches  which  pass  under  tendinous  arches.  Each  then  divides  into 
dorsal  and  ventral  branches,  the  former  pass  backwards  through  the  anterior 
and  posterior  intertransverse  muscles  (p.  258)  and  quadratics  lumborum  to  end 
in  the  deep  surface  of  the  erector  spinas,  and  to  send  branches  outwards  into 
the  regions  of  the  abdominal  muscles.  The  anterior  branches  pass  in  front 
of  the  quadratus  lumborum  to  the  adipose  capsule  of  the  kidney  and  to  the 
abdominal  muscles.     They  anastomose  with  each  other  and  with  the  renal  and 
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Fig.  551. — Branches  of  the  cceliac  artery. 

epigastric  and  circumflex  iliac  arteries  and  with  the  lumbar  branch  of  the  ilio- 
lumbar artery  (§  279).  The  upper  anastomose  with  the  subcostal  (p.  347),  the 
lower  posterior  branches  descend  in  the  gluteus  maximus,  and  the  lower 
anterior  in  the  iliacus  in  front  of  the  ilium ;  and  they  anastomose  with  the 
gluteal  and  circumflex  iliac  arteries  respectively. 

271.  THE  CCELIAC  ARTERY  (figs.  550,  551)  is  a  short  ventral  branch 
passing  sagittally  forward  above  the  pancreas,  behind  the  lesser  omentum,  having 
the  risrht  lobe  of  the  liver  above  and  the  semilunar  ^anelia,  one  on  each  side.     It 
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divide's  into  three  brandies,  a  right  or  hepatic,  upper  left  or  gastric,  and  a  lower 
left  or  splenic. 

The  gastric  artery  ascends  behind  the  hinder  layer  of  the  upper  omental 
sac  of  peritoneum,  and  turns  forwards  to  the  right  of  the  oesophagus  into  the 
left  pancreatico-gastric  fold  and  thereby  into  the  lesser  omentum.  It  is  con- 
tinued along  the  concave  edge  of  the  stomach  to  terminate  at  the  antrum  pylori 
by  anastomosing  with  the  superior  pyloric  artery.  Its  branches  are  two  inferior 
oesophageal  which  ascend  on  that  tube  (p.  395),  two  cardiac  branches  which  en- 
girdle the  cardiac  orifice  of  the  stomach,  the  great  anterior  gastric  which  crosses 
the  anterior  surface  of  the  stomach  to  the  great  cul  de  sac,  a  series  of  lesser 
anterior  and  'posterior  gastrics  which  cross  the  stomach  towards  the  convex 
border. 

The  hepatic  artery,  larger  than  the  last,  passes  upwards  and  to  the  right 
behind  the  back  wall  of  the  omental  sac  as  far  as  the  upper  edge  of  the  duode- 
num. It  passes  forwards  to  the  base  of  the  right  pancreatico-gastric  fold  to 
enter  the  right  edge  of  the  lesser  omentum  in  which  it  ascends  to  the  transverse 
fissure  of  the  liver,  here  it  terminates  by  dividing  into  right  and  left  branches.  On 
its  way  to  the  pancreatico-gastric  fold  it  gives  off  ( 1 )  the  right  lesser  pancreatic 
branch  to  that  gland;  (2)  the  superior  pyloric,  which  runs  along  the  upper  edge 
of  the  antrum  pylori  to  join  the  gastric;  (3)  gastro-duodenal,  which  descends 
behind  the  duodenum,  and  at  the  lower  border  of  the  pylorus  divides  into  three 
branches — (a.)  a  small  inferior  pyloric  ;  (b.)  a  larger  right  gastroepiploic,  which 
runs  along  the  convex  edge  of  the  stomach  from  right  to  left  for  two-thirds  its 
extent,  inosculating  directly  with  the  left  gastro-epiploic  artery ;  (e.)  superior 
pancreatico-duodenal,  which  descends  along  the  front  edge  of  the  left  margin  of 
the  duodenum,  sending  branches  to  it  and  to  the  head  of  the  pancreas.  The 
right  hepatic  gives  off  a  cystic  branch  which  passes  between  the  cystic  and 
hepatic  ducts  and  divides  into  two  branches,  one  on  each  side  of  the  sac;  each 
of  the  terminal  branches  of  the  artery  in  the  liver  gives  off  vaginal  branches, 
which  enter  the  portal  canals  and  give  off  capsular  branches  to  the  connective 
capsule,  vascular  to  the  walls  of  the  vessels,  and  interlobular  branches  to  the 
lobules  (§  261). 

The  splenic  artery  is  the  largest  of  the  branches  of  the  coeliac,  and  passes 
in  a  sinuous  course  in  a  groove  along  the  upper  edge  of  the  pancreas  to  the 
phreno-splenic  ligament,  wherein  it  divides  into  its  terminal  branches.  In  this 
course  it  gives  off  (1)  great  pancreatic,  which,  entering  the  gland,  accompanies 
its  duct  towards  the  right  side  ;  (2)  left  lesser  pancreatics,  variable  in  number, 
which  supply  the  gland.  In  .the  left  splenic  ligament  it  gives  off  (3)  left  gastro- 
epiploic, which  passes  from  left  to  right  along  the  convex  border  of  the  stomacli 
to  join  the  right  gastro-epiploic.  As  it  enters  the  hilum  of  the  spleen  it  gives 
off  (4)  short  gastric  branches  (vasa  brevia)  to  the  left  end  of  the  stomach  ;  and  it 
terminates  by  dividing  into  five  terminal  splenic  branches. 

272.  THE  SUPERIOR  MESENTERIC  (figs.  550;  553,  7),  nearly  as  large  as 
the  coeliac,  arises  from  the  front  of  the  aorta  behind  the  pancreas,  and  crosses 
the  third  or  ascending  portion  of  the  duodenum.  It  enters  the  mesentery  and 
descends  therein,  sending,  behind  the  peritoneum,  branches  rightward  to  the 
ascending  colon.  The  artery  is  curved  convexly  to  the  left,  and  gives  off  from 
its  convexity  about  nine  jejunal  and  seven  iliac  branches,  which  pass  in  the 
mesentery  to  the  small  intestines;  each  of  these  bifurcates  after  a  short  course, 
the  branches  joining  by  inosculation  those  above  and  below  them.  From  the 
arches  thus  formed  secondary  smaller  but  more  numerous  branches  arise.  These 
form  secondary  arches,  and  from  these  the  terminal  branches  to  the  intestine 
arise  and  each  divides  into  two — one  to  the  front,  the  other  to  the  back  of  the" 
intestine,  to  which  they  thus  give  a  large  constant  and  uniform  supply. 
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From  the.  concavity  of  the  superior  mesenteric  there  arise  (1)  the  inferior 
pancreatico-duodenal,  which  passes  rightwards  between  the  third  part  of  the 
duodenum  and  the  head  of  the  pancreas,  supplying  the  latter ;  (2)  the  colica 
■media  (fig.  553,  11),  which  passes  in  the  transverse  mesocolon  to  the  transverse 
colon.  This  branch  divides  as  do  the  other  intestinal  arteries  ;  its  right  branch 
anastomoses  with  the  right  colic,  its  left  with  the  left  colic.  (3)  The  right  colic 
(ib.,  10)  arises  below  the  last  and  passes  into  the  right  lumbar  mesocolon 
wherein  it  divides  into  an  ascending  branch  which  unites  with  the  righ  branch 
of  the  middle  colic,  and  a 
descending  which  joins  the 
terminal  branch  of  the  artery ; 
(4)  the  terminal  branch  is  in- 
distinguishable from  the  other 

iliac  branches,  except  in  its  W-.        \\  gjK^V^W\\J2isain(Pstmi 

supplying  the  caecum  as  well,         Mi'^-^*     ^^^RXV   \^W\i[\  tenuis 

it  is  hence  called  ileo-colic,  and 
sends  an  artery  to  the  vermi- 
form appendix.  1> — ^»- 

In  the  fcetus  the  omphalo- 
mesenteric, which  vanishes  in  the 
third  month,  was  a  branch  of  this 
trunk. 

273.  THE  INFERIOR 
MESENTERIC  arises  about 
3  cm.  above  the  origin  of  the 
common  iliac  arteries  and 
passes  downwards  and  to  the 
left  in  the  left  lumbar  meso- 
colon; it  sends  upwards  (1) 
colica  sinistra,  a  branch  to 
the  descending  colon,  bifur- 
cating like  the  rest,  its  upper 
branch  anastomosing  with  the 
colica  media,  its  lower  with 
(2)  the  sigmoid  artery ;  this 
second  trunk  enters  the 
sigmoid  mesocolon,  and  its  upper,  branches  join  the  colica  sinistra  and  its 
lower  the  succeeding  artery  j  (3)  the  superior  rectal  which  enters  the  meso- 
rectum  and  descends  on  it  to  supply  the  rectum,  joining  below  with  the  middle 
rectal  branches  of  the  internal  iliac. 

274.  MIDDLE  SUPRARENALS.— The  uppermost  of  the  paired  visceral 
branches  are  small  branches  arising  a  short  distance  above  the  first  lumbars, 
crossing  over  the  aortico-renal  ganglion,  and  supplying  the  suprarenal  capsule. 

275.  THE  RENAL  ARTERIES  are  large  vessels  which  pass  at  right  angles 
from  the  sides  of  the  aorta  on  the  level  of  the  first  lumbar  vertebra  to  the  kidneys ; 
they  cross  the  crura  of  the  diaphragm,  the  right  passing  also  over  the  inferior 
vena  cava.  As  each  renal  artery  approaches  the  hilum  of  the  kidney  it  divides 
into  three  or  four  branches,  the  uppermost  of  which  is  the  inferior  suprarenal, 
passing  to  the  suprarenal  body,  the  others  enter  the  sinus  of  the  kidney  and 
give  off  (1)  adipose  arteries  to  the  fatty  capsule,  and  (2)  inter  pyramidal  branches 
which  enter  the  organ  in  which  their  distribution  has  been  already  described. 
An  inferior  renal  artery  arising  from  the  aorta  on  the  level  of  the  inferior 
mesenteric,  and  passing  horizontally  outwards  to  the  lower  end  of  the  sinus  of 
the  kidney,  is  so  common  as  scarcely  to  constitute  an  anomaly. 


Fig.  552. — Branches  of  mesenteric  vessels  passing  t< 
a  loop  of  jejunum. 
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276.  THE  SPERMATIC  ARTERIES  arise  from  the  front  of  the  aorta 
below'the  renals,  and  like  them  the  vessels  of  the  two  sides  are  not  always 
on  jthe  same  level ;  descending  outwards  each  crosses  the  aortic  plexus  and 
psoas  muscle  and  lies  behind  the  peritoneum  and  ureter,  with  which  it  enters  the 
iliac  fossa,  and  to  which  it  sends  small  branches.  Descending  thence  in  front 
of  the  psoas  over  the  genito-crural  nerve  it  meets  with  the  vas  deferens  (§  304) 

at  the  deep  abdominal  ring 
(§  243),  and  with  it  descends 
on  the  spermatic  cord  (§  246) 
to  the  testis,  on  which  it 
divides  into  epididyinal  and 
glandular  branches. 

In  the  female  each  spermatic 
artery  crosses  the  psoas  and 
the  common  iliac  artery  inwards 
to  enter  the  broad  ligament 
of  the  uterus,  and  is  distributed 
to  the  ovary  and  ovarian  end 
of  the  Fallopian  tube.  Below 
the  kidney  each  artery  gives 
off  an  inferior  adipose  artery  to 
the  fat  of  that  region. 

277.  THE  COMMON  ILIAC 
ARTERIES  are  the  last  pair 
of  branches  arising  from  the 
aorta  as  it  contracts  to  become 
the  middle  sacral,  and  they 
diverge  from  each  other  at  an 
angle  of  60°  in  the  male  and 
68°  in  the  female.  The  right 
common  iliac  artery  is  about 
1 1  mm.  in  diameter,  and  passes 
downwards  and  outwards  to 
bifurcate  opposite  the  upper 
edge  of  the  sacro-iliac  synchond- 
rosis. It  is  about  5  cm.  long 
and  lies  under  cover  of  the 
peritoneum;  it  is  crossed  at  its 
termination  by  the  ureter, 
medially  by  the  last  coil  of 
the  ileum  and  the  attachment  of  its  mesentery,  by  the  tei-minal  branches  of  the 
superior  mesenteric  artery,  and  the  branches  of  the  sympathetic  nerve  passing 
from  the  aortic  to  the  hypogastric  plexus.  It  lies  on  the  end  of  the  left 
common  iliac  vein,  on  its  own  vein  and  the  beginning  of  the  inferior  vena 
cava.  These  separate  it  from  the  spine,  psoas,  and  sympathetic,  but  it  touches 
the  psoas  at  its  lower  end.  In  the  groove  between  the  two  former  lie  hidden 
the  obturator  nerve,  the  ilio-lumbar  artery,  and  the  lumbo-sacral  nerve. 

The  left  common  iliac  artery  averages  4  cm.  long  and  1 1  *2  mm.  in  diameter. 
It  descends  under  cover  of  the  peritoneum,  the  sigmoid  colon  and  its  meso- 
colon, the  superior  rectal  artery,  the  sympathetic  branches  passing  to  the 
hypogastric  plexus,  and,  usually,  the  ureter  at  its  bifurcation.  The  artery  lies 
on  the  fourth  and  fifth  lumbar  vertebra?,  the  psoas  muscle,  and  the  sympathetic 
nerve,  and  at  its  termination  upon  its  own  vein. 


Fig.  553.  —  Branchings  of  the  mesenteric  arteries  — 
1,  the  aorta  ;  2,  common  iliac  arteries  ;  3,  coeliac 
artery  ;  4,  suprarenals ;  5,  renals ;  6,  spermatics ; 
7,  superior  mesenteric  ;  8,  vasa  intestini  tenuis  ; '  9, 
ileo-colic  ;  10,  colica  dextra ;  11,  colica  media;  12, 
inferior  mesenteric  ;  13,  colica  sinistra ;  14,  arteria 
sigmoidea  and  superior  rectal. 


In  the  angle  of  divergence  between  the  common  iliacs  the  promontory  of  the  sacrum  pro- 
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jects,  011  which  lie  the  sacral  aorta,  the  left  common  iliac  vein,  and  the  hypogastric  plexus  of 
the  sympathetic  nerve. 

The  common  iliacs  give  off  minute  peritoneal,  ureteric,  and  sub-peritoneal 
branches;  these  are  seldom  large  enough  to  admit  of  injection,  but  they  com- 
municate with  the  wide-meshed  plexiform  arrangement  of  small  sub-peritoneal 
vessels  derived  from  the  lumbar,  renal,  and  phrenic  arteries,  which  make  such 
an  important  extra-peritoneal  anastomosis.  The  two  end-branches  into  which 
each  common  iliac  divides  are  the  internal  and  external  iliac  arteries. 

278.  THE  INTERNAL  ILIAC  of  the  adult  is  the  vessel  which  formed  the 
root  of  the  allantoic  artery  of  the  foetus.  It  is  about  8  mm.  in  diameter  in 
the  male,  about  8-2  mm.  in  the  female,  but  increases  during  pregnancy.  It 
measures  about  3-5  cm.  in  length,  and  dips  into  the  pelvis,  ending  a  short 
distance  above  the  upper  border  of  the  greater  sciatic  notch.  It  lies  on  the  edge 
of  the  psoas  muscle,  the  obturator  and  the  lumbo-sacral  nerves  and  the  side  of 
the  sacrum  close  to  the  synchondrosis,  beneath  the  peritoneum  as  it  is  reflected 
backwards  from  the  posterior  false  ligament  of  the  bladder,  and  it  is  crossed 
near  its  origin  by  the  ureter.      Its  vein  lies  behind  and  external  to  it. 

The  adult  internal  iliac  artery  gives  off  two  sets  of  branches,  parietal  and 
visceral.  These  usually  arise  in  two  sets — an  anterior,  often  arising  by  a 
common  trunk,  and  consisting  of  hypogastric,  vesical,  middle  rectal,  obturator, 
pudic,  and  sciatic  arteries,  and  a  posterior  set,  which  usually  arise  separately, 
and  are  the  gluteal,  ilio-lumbar,  and  lateral  sacral ;  the  mode  of  grouping  is, 
however,  inconstant  and  immaterial. 

The  fcutal  internal  iliac  artery  is  larger  than  the  external,  and  does  not  dip  into  the 
pelvis,  but  is  directly  continued  into  the  hypogastric  trunk,  and  varies  but  little  in  size  from 
its  origin  to  the  umbilicus. 

279.  THE  ILIO-LUMBAR  ARTERY  usually  arises,  before  the  final 
breaking  up  of  the  parent  trunk,  from  its  posterior  side,  and  turns  upwards 
and  outwards  between  the  obturator  and  the  lumbo-sacral  nerves  in  the  space 
between  the  psoas  muscle  and  the  vertebral  column.  Above  the  ilio-pectineal 
line  it  divides  into  two  branches,  an  ascending  or  lumbar,  which  is  distributed 
to  the  psoas  and  its  neighbourhood,  anastomosing  with  the  third  and  fourth 
lumbar  arteries,  and  usually  sending  off  the  spinal  branch  in  the  lumbo-sacral 
foramen. 

The  outer  or  iliac  branch  passes  beneath  the  psoas  and  anterior  crural  nerve, 
lies  at  first  on,  and  then  under  the  iliacus.  It  gives  off  (1)  a  nutrient  branch 
to  the  ilium  ;  (2)  a  descending  branch,  which  crosses  the  iliac  fossa  to  join  a 
branch  of  the  circumflex  iliac;  (3)  an  external  branch,  which  skirts  the  iliac 
crest  to  join  the  circumflex  iliac ;  and  (4)  an  ascending  branch,  which  joins  the 
last  lumbar  artery. 

280.  THE  LATERAL  SACRAL  BRANCHES  are  generally  two  on  each 
side,  which  descend  inwards  and  cross  the  upper  slip  of  the  pyriformis  and  the 
first  sacral  nerve  outside  the  sympathetic  chain.  The  uppermost  enters  the 
first  sacral  foramen,  the  lower  descends  over  the  pyriformis  and  sacral  plexus, 
and  sends  branches  through  the  second,  third,  and  fourth  foramina.  Each 
branch  sends  off  a  small  muscular  branch  to  the  pyriformis  and  sacral  plexus, 
and  a  visceral  branch  passing  forwards  to  the  rectum ;  the  terminal  branches 
entering  the  foramina  to  supply  the  contents  of  the  spinal  canal,  communicating 
with  the  anterior  spinal  artery  and  with  the  coccygeal  branch  of  the  sciatic 
artery. 

281.  GLUTEAL  ARTERY.— The  largest  branch  of  the  internal  iliac  arises 
directly  above  the  greater  sciatic  notch,  and  passes  backwards  in  the  interspace 
between  the  lumbo-sacral  nerve  above  and  the  first  sacral  nerve  below,  through 
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the  upper  part  of  the  notch,  close  to  the  bone,  a  tendinous  arch  of  the  pelvic- 
fascia  being  stretched  below  it.  On  emerging  posteriorly  beneath  the  gluteus 
maximus,  it  divides  into  two  branches,  a  superficial  and  a  deep.  The  former 
lies  on  the  posterior  iliac  tubercle,  below  the  oblique  gluteal  line,  and  enters 
the  gluteus  maximus;  an  anterior  bi'anch,  which  pierces  the  front  and  upper 
border  of  this  muscle  close  to  the  iliac  crest,  anastomoses  with  the  deep  circum- 
flex iliac  artery.  The  deep  branch  passes  between  the  gluteus  medius  and 
minimus  to  be  distributed  as  described  below  (§  322),  giving  off  an  external 
nutrient  branch  to  the  ilium. 

Within  the  pelvis  the  gluteal  gives  off  branches  to  the  piriformis,  obturator 
intemus,  and  levator  ani  muscles. 

282.  THE  HYPOGASTRIC  was  the  continued  trunk  of  the  internal  iliac  in 
the  foetus,  and  is  the  foremost  of  the  branches  which  usually  form  the  anterior 
series.  It  passes  forwards  into  the  lateral  false  ligament  of  the  bladder,  where 
it  is  crossed  by  the  vas  deferens,  and  ascends  to  the  upper  and  front  part  of  the 
bladder,  to  which  it  sends  several  small  branches.  Beyond  this  point  the  artery 
is  not  pervious  in  the  adult,  but  is  continued  as  a  solid  cord  to  the  front  wall 
of  the  abdomen,  on  which  it  ascends,  converging  towards  its  fellow,  which  it 
meets,  a  little  below  the  umbilicus.  Between  it  and  its  fellow  are  the  two 
internal  inguinal  pouches  of  peritoneum  which  are  separated  from  each  other 
by  the  urachus  medially  (fig.  504). 

283.  THE  VESICAL  ARTERY  arises  below  the  origin  of  the  last,  and 
descends  in  the  peritoneum  of  the  lateral  false  ligament  in  which  it  is  crossed 
by  the  vas  deferens,  and  is  distributed  to  the  parts  at  the  base  of  the  bladder, 
piercing  through  the  lateral  true  ligament  to  its  final  distribution.  A 
deferential  branch  comes  off  either  from  it  or  from  the  hypogastric,  which 
ascends  on  the  vas  deferens  towards  the  .inguinal  canal,  an  inferior  branch 
descends  through  the  prostatico-vesical  venous  plexus  to  the  perineum,  where 
it  anastomoses  with  a  branch  of  the  inferior  rectal  division  of  the  pudic  artery. 
Its  vesical  branches  pass  to  the  wall  of  the  bladder,  and  some  small  'prostatic; 
branches  to  the  prostate :  a  vesicular  branch  supplies  the  vesiculse  seminales. 
The  vesical  artery  of  the  female  is  large,  and  gives  off  vaginal  in  place  of  pro- 
static arteries. 

284.  THE  MIDDLE  RECTAL  ARTERY  often  arises  with  the  last,  and 
passes  below  it  to  the  sides  of  the  middle  third  of  the  rectum ;  here  it  sends 
branches  upwards  to  anastomose  with  those  of  the  inferior  mesenteric,  and 
downwards  to  communicate  with  those  of  the  pudic. 

285.  THE  UTERINE  ARTERY  in  the  female  arises  close  to  the  last,  and 
passes  tortuously  between  the  layers  of  the  broad  ligament,  to  end  in  the5 
muscular  wall  of  the  uterus.  It  forms  on  each  side  a  looped  arch  of  communi- 
cation with  the  ovarian  artery  from  the  aorta. 

286.  THE  OBTURATOR  ARTERY  arises  close  to  the  hypogastric,  and 
passes  directly  forwards  and  downwards  below  the  obturator  nerve  a  little  below 
the  brim  of  the  pelvis,  but  between  the  pelvic  fascia  and  the  peritoneum. 
Before  it  enters  the  obturator  canal  it  sends  off  a  nutrient  branch  to  the  ilium, 
and  an  epigastric  branch  which  ascends  and  anastomoses  with  the  epigastric 
branch  of  the  external  iliac. 

In  four  cases  out  of  every  eleven  this  trunk  is  large,  on  one  side  or  the  other,  and  the 
parent  obturator  trunk  from  the  internal  iliac  is  small  or  absent.  In  such  cases  the  functional 
obturator  becomes  a  branch  of  the  epigastric  artery. 

The  obtui'ator  also  gives  off  a  pubic  branch,  which  passes  inwards  and  com- 
municates with  its  neighbour  and  with  the  pubic  branch  of  the  epigastric  behind 
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the  symphysis  pubis  above  the  anterior  true  ligaments  of  the  bladder.     The 
terminal  external  and  internal  branches  are  described  below  (§  357). 

The  irregular  epigastric  origin  of  the  obturator  is  interesting  in  connection  with  its 
relation  to  femoral  hernia.  It  usually  descends  close  to  the  external  iliac  vein,  and  so  lies 
external  to  the  neck  of  the  sac  of  a  femoral  hernia,  and  is  therefore  safe  from  the  knife  in 
herniotomy.  In  rare  cases,  about  once  in  every  fifty-eight  bodies,  this  vessel,  however,  lies 
on  the  inner  side  of  the  femoral  ring,  and  so  is  endangered  in  dividing  the  sti'icture  in 
strangulated  femoral  hernia.  These  statistics  are  taken  from  460  bodies.  The  anomaly  is 
commoner  in  males  than  in  females,  7  :  3. 

287.  THE  SCIATIC  AND  PUDIC  ARTERIES.— The  remaining  branches 
of  the  internal  iliac  usually  arise  by  a  common  trunk  and  descend  within  the 
pelvis  on  the  pyriformis  and  sacral  plexus  to  the  lower  part  of  the  greater 
sciatic  notch ;  here  they  escape  together,  the  pudic  lying  anterior  and  internal 
to  the  sciatic. 

The  sciatic  artery  makes  its  exit  between  the  branches  of  the  smaller  sciatic 
nerve  postero-internally,  and  the  trunk  of  the  great  sciatic  externally,  under 
cover  of  the  gluteus  maximus,  into  which  it  sends  a  large  inferior  gluteal 
branch.     The  other  branches  are  described  below  (§  326). 

The  pudic  artery,  smaller  than  the  sciatic,  escapes  behind  it  and  on 
a  deeper  plane,  and  then  turns  in  through  the  small  sciatic  notch,  lying  on  the 
obturator  interims  muscle  and  between  the  pudic  nerve  on  its  inner  side,  and  the 
internal  obturator  nerve  on  its  outer.  It  gives  off  before  it  leaves  the  pelvis, 
branches  to  the  pyriformis,  coccygeus,  and  internal  obturator  muscles.  As  it 
escapes  it  gives  an  anastomostic  branch  to  the  sciatic  and  a  nutrient  to  the 
gemellus  superior.  Its  terminal  brandies  in  the  perineum  have  been  already 
described  (§  226). 

This  artery  is  much  smaller  in  the  female,  and  gives  off  usually  three 
branches,  a  larger  superior  long  perineal,  a  smaller  artery  of  the  bulb,  and 
a  terminal  branch. 

288.  THE  EXTERNAL  ILIAC  ARTERY  is  in  the  adult  a  larger  trunk 
than  the  internal  (9  :  8),  and  is  the  main  artei'ial  stem  of  the  lower  limb;  it  is 
usually  about  8-5  mm.  in  diameter  and  10  cm.  long,  and  descends  inclining 
outwards  along  the  brim  of  the  pelvis  to  escape  through  the  lacuna  vasculosa 
of  the  crural  arch,  becoming  femoral  as  it  crosses  the  ilio-pubal  eminence.  It  is 
covered  by  the  peritoneum  and  a  strong  layer  of  sub-peritoneal  areolar  tissue 
("  Abernethy's  fascia"),  and  is  crossed  at  its  origin  by  the  ureter.  About  the 
middle  of  its  course  in  the  male  it  is  crossed  by  the  vas  deferens,  and  in  the 
female  by  the  ovarian  artery.  Close  to  its  termination  it  is  crossed  by  the  deep 
circumflex  iliac  A-ein.  It  lies  on  the  brim  of  the  pelvis,  the  psoas  (which  at 
first  lay  external  to  it),  the  iliac  fascia,  and  its  own  vein  (which  becomes  inter- 

.nal  to  it  close  to  Poupart's  ligament).  The  sigmoid  colon  on  the  left  and  the 
last  coil  of  ileum  on  the  right  also  usually  cross  it.  The  great  femoral  lymph- 
atics pass  along  its  posterior  and  outer  border,  and  there  are  usually  four  glands 
overlapping  the  artery.  The  genital  branch  of  the  genito-crural  nerve  and  the 
spermatic  vessels  of  the  male  also  cross  over  the  artery  near  its  termination. 

Besides  the  small  branches  to  the  lymphatic  glands  and  to  the  psoas,  the 
external  iliac  gives  off  two  larger  branches. 

289.  THE  EPIGASTRIC  ARTERY  arises  from  the  lowest  centimetre  of  the 
trunk  of  the  external  iliac,  and  at  first  passes  inwards  and  then  ascends  towards 
the  metasternum.  In  the  first  part  of  its  course  it  lies  behind  Poupart's  liga- 
ment and  the  inguinal  canal,  having  the  deep  abdominal  ring  to  its  outer  side, 
and  the  superficial  to  its  inner ;  here  it  lies  on  the  peritoneum  and  beneath  the 
fascia  transversalis,  and  has  the  spermatic  cord  winding  round  its  outer  side. 
As  it  ascends  it  pierces  the  transversalis  fascia,  enters  the  sheath  of  the  rectus 
at  or  close  to  the  line  of  Douglas,  lying  on  the  back  of  the  rectus  muscle,  and 
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ascending  past  the  umbilicus  to  anastomose  with  the  superior  epigastric  branch 
of  the  internal  mammary  artery. 

In  its  course  the  epigastric  artery  is  accompanied  by  two  veins,  the  inner  of 
which  is  the  larger ;  these  unite  below  as  they  pass  behind  the  inguinal  canal, 
and  the  combined  trunk  ends  in  the  external  iliac  vein. 

The  branches  of  the  epigastric  artery  are  (i)  a  cremasteric  branch  which 
descends  on  the  spermatic  cord  to  supply  the  cremaster  and  to  anastomose  with 
the  inferior  pubic  branch  of  the  femoral  artery  and  with  the  long  perineal 
artery.  (2)  A  pubic  branch,  which  forms  a  rete  with  the  pubic  branch  of  the 
obturator,  and  joins  its  fellow  above  the  pubis,  behind  the  rectus  and  upper 
border  of  the  bone.  (3)  An  obturator  branch,  to  anastomose  with  a  branch  of 
the  obturator;  this  occasionally  dilated  anastomosis  becomes  the  origin  of  the 
irregular  obturator  artery  (p.  426).  (4)  Parietal  branches  in  the  abdominal  wall. 
(5)  Anastomotic  branches  which  are  twofold  —  (1st)  superficial,  which  pierce 
through  the  rectus  and  ventral  foramina  to  join  the  superficial  epigastric  of  the 
femoral;  and  (2nd)  terminal,  which  join  the  internal  mammary. 

290.  THE  DEEP  CIRCUMFLEX  ILIAC  ARTERY  arises  opposite  the 
epigastric,  and  just  within  the  crural  arch ;  it  ascends  often  in  a  fascial  canal 
along  the  white  line  of  union  of  the  transversalis  and  iliac  fascise  behind 
Poupart's  ligament  to  the  superior  iliac  spine,  and  from  that  point  passes 
between  the  transversalis  and  internal  oblique  muscles  along  the  iliac  crest, 
sending  upward  a  large  abdominal  branch  which  communicates  with  the  last 
intercostal  and  the  lumbar  arteries,  and  sending  backward  branches  to  join  the 
ilio-lumbar.  Some  superficial  branches  join  the  superficial  circumflex  iliac 
artery  and  the  superficial  gluteal. 

This  artery  is  accompanied  by  two  veins  which  unite  into  a  single  trunk  that 
crosses  the  external  iliac  artery.  Close  to  its  origin  it  gives  off  branches  to  the 
iliacus  muscle. 

291.  THE  SACRAL  AORTA  is  a  very  small  trunk,  about  2  mm.  in 
diameter,  continuing  downwards  from  the  abdominal  aorta,  below  the  origin  of 
the  common  iliacs,  and  behind  the  left  common  iliac  vein  on  the  middle 
of  the  sacrum,  giving  off  the  fifth  lumbar  artery  on  each  side  as  well  as  the 
first,  second,  third,  and  fourth  sacral  arteries ;  these  pass  on  each  side  into 
the  respective  sacral  foramina,  and  are  distributed  to  the  walls  of  the  sacral 
canal  and  to  the  parts  on  the  back  of  the  sacrum.  At  the  sacro-coccygeal  joint 
the  artery  becomes  middle  Coccygeal  or  caudal,  and  is  continued  downwards 
to  the  tip  of  the  coccyx,  where  its  terminal  branch  passes  outwards  to  end  in 
the  coccygeal  glomerulus  (p.  354).  Small  varicosities  project  on  each  side  of  the 
coccygeal  artery  and  its  branches.  A  few  inconstant  visceral  branches  pass 
forwards  from  the  sacral  and  coccygeal  aorta?  to  the  hinder  wall  of  the  rectum. 

292.  THE   TRIBUTARIES   OF   THE    INFERIOR  VENA   CAVA.— The 

dorsal  vein  of  the  penis  (p.  370)  having  pierced  the  sub-pubic  fascia,  divides  into 
a  plexiform  cluster  of  branches,  which  become  parted  at  the  base  of  the  bladder 
into  two  series,  one  on  either  side,  receiving  branches  from  the  prostate,  the 
seminal  vesicles  and  bladder.  This  ppostatico-vesical  plexus  is  of  con- 
siderable capacity,  and  ends  in  a  stem  which  passes  backwards  and  upwards 
towards  the  inner  side  of  the  internal  iliac  artery.  In  its  course  it  receives  the 
sacral  veins  emerging  through  the  sacral  foramina,  and  forming  a  close-meshed 
plexus  on  the  front  of  the  sacrum,  and  it  also  receives  the  large  and  netted 
system  of  rectal  and  anal  (proctodaBal)  veins  which  ascend  on  the  outside  of  the 
muscular  coat  of  the  rectum  (the  only  intestinal  veins  which  do  not  join  the 
vena  porta?).  The  pudic  vein  returning  the  blood  from  the  corpora  cavernosa 
and  superficial  parts  of  the  perineum,  joins  it  close  to  the  sciatic  notch,  and  still 
higher  the  two  sciatic  veins  unite  and  join  the  trunk,  which  is  from  this  point 
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called  the  internal  iliac  vein.  Into  this  vessel  on  a  higher  level  the  two 
gluteal  veins,  the  ilio-lumbar  and  the  superior  lateral  sacral  veins,  empty 
themselves  as  well  as  the  obturator. 

All  these  branches  are  well  furnished  with  valves,  but  there  are  none  iu  the  trunk. 

The  external  iliac  vein  is  the  continuation  of  the  femoral  (§  345),  and 
lies  at  first  internal  to  its  artery  on  the  superior  ramus  of  the  pubis,  afterwards 
becoming  posterior  to  it,  and  joining  the  internal  iliac  vein  behind  the  internal 
iliac  artery.  It  receives  the  epigastric  and  circumflex  iliac  veins  as  well  as 
a  large  ascending  branch  of  the  obturator  vein. 

There  are  usually  two  pairs  of  valves  in  this  vein,  one  functional,  the  other  rudimental. 

The  common  iliac  veins  ascend  converging  on  the  front  of  the  vertebral 
column,  the  right  lying  behind  and  external  to  its  artery,  the  left  crossing  the 
promontory  of  the  sacrum  and  the  fifth  lumbar  vertebra.  They  unite  on  the 
fifth  lumbar  vertebra  to  form  the  inferior  vena  cava.  The  right  is  shorter 
and  more  vertical,  the  left  longer  and  more  oblique. 

There  is  usually  an  incompetent  valve  in  the  latter,  none  in  the  former.  Into  the  left 
common  iliac  vein  the  two  middle  sacral  veins  open,  which  ascend  from  the  upper  part  of  the 
presacral  venous  plexus. 

293.  THE  INFERIOR  VENA  CAVA  is  a  large  trunk  35  mm.  in  diameter 
above  when  fully  injected,  but  rarely  cylindrical  in  shape  during  life,  as  it  is 
influenced  by  the  pressure  of  surrounding  parts.  It  ascends  from  the  level  of 
the  fifth  lumbar  vertebra,  passing  through  the  caval  opening  in  the  diaphragm 
opposite  the  level  of  the  lower  border  of  the  ninth  dorsal  vertebra.  As  it 
ascends  it  passes  a  little  forwards  and  to  the  right,  lying  at  first  behind  the 
aorta,  but  terminating  on  a  plane  in  front  of  it  and  separated  from  it  by  the 
right  crus  of  the  diaphragm,  and  the  Spigelian  lobe  of  the  liver. 

It  is  under  cover  of  the  peritoneum,  especially  the  root  of  the  mesentery, 
the  right  spermatic  artery,  aortic  plexus,  ascending  colon,  duodenum,  head  of 
the  pancreas,  the  portal  vein,  and  the  hinder  surface  of  the  liver.  It  is  separated 
by  a  single  layer  of  peritoneum  from  the  posterior  wall  of  the  foramen  of  Win- 
slow,  and  lies  in  a  deep  groove  on  the  hinder  surface  of  the  liver,  bridged  by  a 
thin  membranous  band  of  hepatic  substance,  the  ponticulus  hepatis.  It  lies 
on  the  vertebral  column,  the  right  crus  of  the  diaphragm,  the  right  renal  artery, 
the  right  semilunar  ganglia,  and  the  right  lumbar  arteries. 

As  it  ascends  it  (1)  receives  the  four  upper  lumbar  veins  on  each  side, 
those  of  the  right  passing  behind  the  aorta.  These  veins  arise  by  branches 
corresponding  to  the  branches  of  the  lumbar  arteries.  As  the  left  lumbars  pass 
inwards  they  are  joined  together  by  an  ascending  anastomotic  branch  which 
connects  them  together,  and  which  above  passes  through  the  diaphragm  as  the 
ascending  lumbar  vein  to  form  the  root  of  the  vena  hemi-azygos  (the  remnant 
of  this  portion  of  the  left  cardinal  vein). 

(2)  The  veins  forming  the  spermatic  <or  pampiniform)  plexus  of  the 

right  side,  ascending  from  the  spermatic  cord,  unite  into  one  trunk  which  ends 
in  the  inferior  vena  cava  opposite  the  third  lumbar  vertebra,  those  of  the  left 
join  the  left  renal. 

Several  small  imperfect  valves  are  found  in  the  spermatic  plexus,  one,  which  is  competent, 
usually  guards  the  upper  or  terminal  orifice. 

(3)  The  renal  veins  are  large  short  trunks  wThich  enter  the  vena  cava  as  it 
passes  the  kidneys,  joining  it  at  right  angles.  The  left  renal  vein  passes  usually 
in  front  of  the  aorta  below  the  superior  mesenteric  artery  and  behind  the 
duodenum ;  it  is  longer  and  a  little  higher  up  than  the  right,  and  receives  the 
spermatic  vein.  Each  renal  vein  receives  a  suprarenal  branch,  which  has  a  valve 
at  its  mouth,  and  an  imperfect,  never  competent  valve  is  usually  present  in  the 
left  renal,  a  still  more  imperfect  rudiment  in  the  right. 
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The  right  middle  suprarenal  Vein,  which  is  very  large  in  comparison 
with  the  artery  that  it  accompanies,  joins  the  vena  cava  above  the  renal.  The 
left  middle  suprarenal  joins  the  renal. 

Behind  the  liver  the  vena  cava  receives  its  largest  tributaries,  the  ven39 
cavSB  hepatica^  described  in  connection  with  the  liver,  after  which  it  passes 
through  the  tendinous  caval  opening  in  the  diaphragm  to  enter  the  peri- 
cardium. As  it  ascends  it  receives  on  each  side  two  phrenic  branches  from 
the  diaphragm. 

The  inferior  vena  cava,  as  far  as  the  inferior  surface  of  the  liver,  is  a  dilated  portion  of 
the  right  cardinal  vein.  The  portion  behind  the  liver  is  a  dilated  communication  between  the 
cardinal  vein  and  the  sinus  venosus,  and  the  portion  below  the  liver  is  the  lower  part  of  the 
sinus  venosus.  There  is  usually  a  small  vessel  which  connects  the  intrahepatic  part  of  the 
vena  cava  with  the  lowest  part  of  the  vena  azygos,  completing  the  continuity  of  the  cardinal 
vein.  The  right  common  and  internal  iliac  veins  and  the  inferior  lateral  sacral  veins  are 
the  lowest  parts  of  the  cardinal  vein.  The  left  common  iliac  is  a  dilated  secondary  communi- 
cation comparable  with  the  left  innominate  vein  (see  p.  87). 

294.  VENA  P0RT7E. — The  veins  carrying  back  the  blood  from  the  digestive 
canal  end  in  a  short  trunk,  the  vena  portse  which,  entering  the  liver,  breaks  up 
therein  into  capillaries  from  which  the  blood  is  ultimately  returned  into  the 
vena  cava. 

The  three  trunks,  which  by  their  confluence  form  the  vena  porta?,  are  the 
splenic,  the  inferior  mesenteric,  and  the  superior  mesenteric  veins. 

The  splenic  vein  is  formed  by  the  union  of  5  or  6  efferent  veins  in  the 
hilum  of  the  spleen,  and  passes  rightwards  grooving  the  upper  and  back  part 

of  the  pancreas,  below  the 
tortuous  splenic  artery.  It 
receives  in  its  course  three 
vence  breves  from  the  stomach, 
the  left  gastro-epiploic  vein 
and  the  greater,  and  several 
left  lesser  pancreatic  veins. 
To  the  left  of  the  aorta  it 
joinswiththe  inferior  mesen- 
teric vein  nearly  at  right 
angles,  and  the  combined 
trunk,  about  1  cm.  long, 
crossing  the  aorta  joins  the 
superior  mesenteric  in  the 
angle  formed  by  the  inferior 
lobe  of  the  head  of  the 
pancreas,  in  front  and  to  the 
left  of  the  vena  cava  in- 
ferior. 

The  inferior  mesen- 
teric Vein  begins  by  the 
union  of  the  upper  ascending 
branches  of  the  rectal  plexus 
of  veins  in  the  mesorectum ; 
it  ascends  to  the  left  of  its 
artery  and  to  the  left  of  the 
aorta,  receiving  veins  from 
the  sigmoid  flexure  and  de- 
scending colon.  Leaving  the  artery  close  to  its  origin  it  ascends  behind 
the  peritoneum  and  behind  the  inferior  part  of  the  duodenum  and  pancreas  to 
join  the  splenic  vein. 
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Fig.  554. — Scheme  of  the  system  of  the  vena  porta?. 
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The  superior  mesenteric  vein  is  formed  by  the  junction  of  the  veins 
corresponding  to  the  branches  of  the  superior  mesenteric  ai'tery;  these,  like  the 
other  veins  of  the  portal  system,  are  single  concomitants  of  each  artery,  and 
the  main  trunk  lies  in  front  and  to  the  right  of  that  vessel.  It  passes  in  front 
of  the  duodenum  and  in  the  angle  of  the  pancreas  (§265).  It  receives  the 
veins  of  the  small  intestines,  ileo-colic,  right  and  transverse  colic  veins,  and, 
close  to  its  termination,  the  right  gastro-epiploic  and  inferior  pancreatic  veins. 

The  vena  porta}  is  formed  on  the  right  of  the  body  of  the  second  lumbar 
vertebra,  and  ascends  a  little  to  the  right,  at  first  behind  the  head  of  the 
pancreas  and  the  first  part  of  the  duodenum,  then  in  the  layers  of  the  lesser 
omentum  behind  and  between  the  hepatic  artery  (to  its  left)  and  duct  (to  its 
right).  It  enters  the  transverse  fissure  of  the  liver  near  its  right  end,  and 
there,  appearing  to  dilate,  it  divides  into  a  short,  large  right  and  a  longer, 
narrower  left  branch,  which  diverge  from  each  other  at  an  angle  of  1600.  The 
right  supplies  the  right  and  quadrate  lobes,  the  left  after  a  short  course  joins, 
where  it  crosses  the  longitudinal  fissure,  the  obliterated  umbilical  vein  in  front, 
and  the  obliterated  ductus  venosus  behind.  Fi'orn  the  left  arise  the  branches 
to  the  Spigelian,  left  and  cpuadrate  lobes  (p.  410). 

The  vena  portse  receives  (1)  the  left  pancreatic  veins ;  (2)  the  pancreatico- 
duodenal vein ;  (3)  the  pyloric  from  the  omental  edge  of  the  antrum  pylori ; 
and  (4)  the  gastric  vein,  which,  having  accompanied  the  gastric  artery,  turns 
to  the  right  behind  the  posterior  wall  of  the  omental  cavity  and  ends  in  the 
vena  portse.     Its  right  branch  receives  the  cystic  vein. 

The  veins  from  the  hepatic  capsule  and  parenchyma  communicate  with  the  inter- 
lobular branches  of  the  vena  porta;  as  internal  roots  of  the  vena  portae.  Some  minute 
anastomotic  branches  from  the  left  branch  of  the  vena  porta;  anastomose  with  the  parietal, 
and  especially  the  epigastric  and  phrenic  veins  in  the  falciform  ligament,  the  lowest  of  these 
is  called  the  par-umbilical  vein,  ami  may  represent  the  anterior  abdominal  vein  or  the 
primitive  suprahepatic  termination  of  the  hypoplastic  vein  (p.  86). 

The  radicles  of  the  inferior  oesophageal,  pancreatic,  and  especially  the 
superior  rectal  veins  communicate  with  the  veins  of  the  caval  system,  the 
duodenal  and  colic  are  said  to  do  so  also,  but  this  I  cannot  verify.  There  are 
valves  guarding  the  mouths  of  each  branch  of  each  gastric  vein,  and  of  the 
omental  veins  in  children,  but  none  in  any  of  the  larger  trunks  throughout 
the  whole  portal  system. 

295.  ABDOMINAL  LYMPHATICS.— The  pelvic  lymphatics  are  very  abun- 
dant and  large ;  they  accompany  the  branches  of  the  internal  iliac  vein.  The 
obturator  lymph-vessels  entering  through  that  foramen  end  in  a  small  gland 
below  the  obturator  blood-vessels.  The  pudic  lymphatics  communicate  with 
two  or  three  glands  in  common  with  the  sciatic  lymphatics.  The  pudic  series 
drain  the  perineum,  but  not  the  penis  or  scrotum.  There  is  generally  a  fairly 
large-sized  single  gland  on  the  gluteal  lymphatics  above  the  pyriformis  muscle. 
The  efferent  lymphatics  of  these  glands  join  with  those  coming  from  the  bladder 
which  are  very  numerous  and  which  stream  in  two  sets,  anterior  and  posterior. 
The  anterior  join  the  prostatic  lymphatics,  and  pass  backwards  above  the  prosta- 
tico-vesical  veins  in  the  lateral  true  ligament  where  there  is  a  gland ;  the 
posterior  join  the  rectal,  or  in  the  female  the  very  abundant  uterine  and  vaginal 
lymphatics,  and  all  unite  in  the  hypogastric  lymphatic  plexus  on  each  side  upon 
the  internal  iliac  vein  whei^ein  are  four  or  five  glands.  The  efferent  lymphatics 
of  these  join  the  external  iliac  lymphatics,  which,  with  their  three  glands,  lie 
along  the  back  and  outside  of  the  external  iliac  artery,  receiving  the  femoral 
and  inguinal  branches,  as  well  as  those  of  the  abdominal  wall  which  accompany 
the  deep  epigastric  and  circumflex  iliac  arteries ;  on  the  last-named  set  there  is 
usually  a  gland  close  to  the  anterior  superior  spine. 

The  common  iliac  lymphatics  are  five  or  six  large  trunks  which,  by  their 
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branchings,  surround  the  common  iliac  vessels  and  pass  through  two  or  three 
glands.     Those    on   the   left  side   receive   numerous  branches  from  the  sacral 

lymphatic  plexus,  and  on  either  side 
they  end  by  joining  the  inferior  lumbar 
vessels. 

The  sacral  plexus  of  lymphatics 
consists  of  a  fine  network  of  lymph 
vessels,  in  connection  with  which  there 
is  a  small  gland  at  each  sacral  fora- 
men, and  three  larger  ones  in  the 
layers  of  the  mesorectum  close  to  the 
promontory  of  the  sacrum ;  these 
vessels  drain  the  back  of  the  rectum, 
the  spinal  canal,  and  other  parts  about 
the  sacrum,  and  end  above  by  com- 
municating on  the  right  with  the  in- 
ferior lumbar  lymphatic  trunks,  on 
the  left  with  the  common  iliac  lym- 
phatics. 

The  lumbar  lymphatic  plexus  is  very 
large  and  loose-meshed  lying  behind 
the  peritoneum  at  each  side  of  the 
aorta,  and  in  front  of  the  psoas  muscle. 
They  are  united  across  the  aorta  by  a 
median  aortic  lymphatic  plexus,  with 
about  six  glands  in  its  course.  They 
begin  below  by  receiving  the  lymph 
vessels  of  the  common  iliac  and  sacral 
plexuses,  and  where  these  join  there 
are  usually  four  or  five  glands.  The 
efferent  lymphatics  of  these  on  the 
left  side  receive  the  trunks  from  the 
wall  of  the  descending  and  sigmoid 
colon  in  connection  with  which  there 
are  twenty  mesocolic  glands  ;  on  both 
sides  they  receive  the  spermatic  lym- 
phatics from  the  testis  and  its  deep 
coverings,  which  usually  do  not  enter 
a  gland  until  they  reach  this  plexus. 
In  the  female  the  ovarian  and  tubal 
lymphatics  pass  up  in  similar  manner 
from  the  broad  ligament.  The  abun- 
dant kidney  lymphatics  and  those  of 
the  suprarenal  capsule  form  a  close 
plexus  around  the  renal  vessels,  com- 
municating with  a  small  cluster  of 
glands  above  the  renal  artery.  A  set 
of  lymph  channels  likewise  enter  the 
plexus  between  the  psoas  and  the 
vertebral  column  around  each  lumbar 
artery,  and  form  a  chain  of  glands 
along  the  inner  edge  of  the  psoas.  These  all  unite,  and  at  the  upper  part 
of  this  plexus  the  trunks  become  fewer  and  larger,  until  finally  they  unite 
on  each  side  of  the  second  lumbar  vertebra  into  a  right  and  left  tPUllCUS 
lymphaticilS    llimbaliS.       The   left    crosses  behind    the    aorta,   so  both   lie 


Fig.  555.  —  Thoracic  duct  and  receptaculum 
chyli.  19,  Thoracic  duct,  for  other  refer- 
ences see  §  212. 
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between  the  aorta  and  the  vena  cava,  and  usually  cross  each  other  -  once 
or  twice  before  they  unite,  which  they  do  behind  the  right  renal  artery. 
There  are  altogether  about  twenty  glands  in  the  lumbar  plexus  of  lymphatics 
on  each  side. 

The  lymph  channels  arising  from  the  intestines  are  called  lacteals,  and  are 
extremely  numerous,  large,  and  plexiform,  leaving  the  small  intestine  on 
both  sides  of  the  arteries.  They  lie  between  the  layers  of  the  mesentery  as 
far  as  the  last  set  of  arching  branches  of  the  artery ;  here  they  form  a  primary 
set  of  small  and  not  very  numerous  glands,  about  4  cm.  from  the  intestine. 
The  large  efferent  vessels  from  these  pass  without  very  many  communications 
to  a  much  larger  number  of  larger  secondary  glands  on  the  primary  set  of 
arches  of  the  arteries,  and  from  these  the  efferent  trunks  become  closer  and 
larger,  and  form  a  very  large  tertiary  set  of  glands  along  the  trunk  of  the 
superior  mesenteric  artery.  Those  from  the  jejunum  are  much  more  numerous 
than  those  from  the  ileum,  and  sometimes  run  together  into  a  compound  mass 
of  glands  on  the  left  of  the  superior  mesenteric  vein  below  the  pancreas,  but 
they  are  seldom  confluent  enough  to  form  a  mass  like  the  so-called  pancreas 
of  Aselli  in  lower  animals.  There  are  altogether  about  220  glands  in  the 
whole  extent  of  the  mesentery.  The  lymph  channels  between  these,  glands 
are  wide  and  liberally  furnished  with  valves. 

The  lymphatics  of  the  csecum  and  ascending  colon  are  fewer,  but  arranged 
in  the  same  way,  traversing  about  fifteen  mesocolic  glands  on  the  right  side  on 
their  way  upwards.  Those  of  the  transverse  and  upper  half  of  the  descending 
colon  converge  in  like  manner  along  the  trunk  of  the  colica  media  artery  in  the 
transverse  mesocolon,  traversing  about  twenty-five  glands,  and  these  unite  with 
the  efferent  ducts  of  the  tertiary  series  of  mesenteric  glands,  and  pass  to  the 
right  of  the  superior  mesenteric  artery  on  a  plane  behind  the  superior  mesen- 
teric vein. 

Converging  to  these  vessels  are  the  efferent  vessels  of  the  usually  twenty 
large  cceliac  glands,  which  lie  behind  and  above  the  pancreas,  and  in  front  of 
the  aorta,  above  the  right  of  the  origin  of  the  superior  mesenteric  artery.  Into 
the  leftmost  pair  of  these  pass  the  lymphatics  of  the  spleen  which  are  neither 
numerous  nor  large,  and  differ  from  the  others  in  usually  containing  a  reddish 
fluid.  There  are  about  eight  pancreatico-splenic  glands  in  connection  with 
these,  which  also  receive  most  of  the  pancreatic  lymph,  and  some  from  the  left 
end  of  the  stomach,  and  whose  efferent  vessels  accompany  the  splenic  vein. 

The  lymphatics  of  the  stomach  are  also  extraordinarily  numerous,  and  leave 
the  organ  in  three  sets — one  set,  just  referred  to,  join  those  of  the  spleen ;  one 
large  series  of  superior  gastric  lymphatics  accompany  the  gastric  artery,  and 
passing  through  five  small  superior  gastric  glands,  enter  the  uppermost  of  the 
left  set  of  cceliac  glands  ;  a  third,  the  largest  set,  accompany  the  gastro-epiploica 
dextra  to  the  rightmost  of  the  cceliac  glands,  joining  with  the  lymphatics  of  the 
upper  part  of  the  duodenum.  There  are  usually  six  gastro-epiploic  glands  in 
this  plexus,  which  also  receive  the  lymphatics  of  the  great  omentum. 

The  most  of  the  hepatic  lymphatics  (p.  415)  leave  the  liver  at  the  transverse 
fissure,  descending  in  front  of  the  vena  porta?  in  the  lesser  omentum,  and 
joining  the  uppermost  of  the  right  cceliac  glands,  which  also  receives  the 
lymphatics  of  the  gall-bladder  and  duct.  A  few  of  the  superficial  hepatic 
lymphatics  pass  through  the  coronary  and  left  lateral  ligaments  to  the  diaphragm, 
and  some,  through  the  falciform  ligament,  communicate  with  the  anterior 
mediastinal  system. 

The  cceliac  glands  communicate  together,  and  with  the  tertiary  mesenteric 
glands,  by  many  branches,  and  their  very  short  efferent  trunks  unite  into  three 
or  four  stems,  which  join  the  terminal  efferent  stems  of  the  mesenteric  glands  to 
form  a  common  trunk,  the  tPUIlCUS  lymphatiCUS   intestinalis.     This  short 
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Fig.  556. — Spleen,  ^ — a,  concave  or  right  sur- 
face; b,  convex  or  left  surface;  1,  posterior 
border ;  2,  anterior  part  of  the  right  surface ; 
3,  kidney  impression ;  4,  convex  surface ;  5, 
notched  anterior  margin ;  6,  diaphragmatic 
surface ;  7,  upper  end ;  8,  lower  end. 


stem  passes  backwards  on  the  right  of  the  superior  mesenteric  artery,  and  by  its 
union  with  the  stem  formed  by  the  two  united  lumbar  lymphatic  trunks  forms 
the  receptaculum  Chyli  on  the  level  of  the  second  lumbar  vertebrae. 

This  thin-walled  sac  lies  on  a  plane  behind  and  between  the  aorta  and  the 
tendinous  edge  of  the  right  crus  of  the  diaphragm,  behind  the  right   renal 

artery,  and  is  somewhat  fusiform, 
about  35  mm.  long  by  7  mm.  broad. 
Its  continuation,  the  thoracic  duct 
ascends  through  the  aortic  opening 
in  the  diaphragm  into  the  thorax 
(§  216)  and  empties  all  the  lymph 
and  chyle  from  the  abdominal  cavity. 
There  are  very  few  valves  in  the 
short  converging  main  stems  and 
none  in  the  receptaculum.  The 
receptaculum  receives  the  posterior 
hepatic  and  the  right  pancreatico- 
gastric  lymphatics  directly. 

296.  THE  SPLEEN  is  an  organ 
closely  connected  with  the  lym- 
phatic system,  which  can  best  be 
examined  in  this  connection.  It 
is  an  oval  body  about  12*5  cm.  long, 
by  7  broad  and  4  thick,  and  lies  in 
the  left  hypochondrium.  It  presents  an  outer  convex  diaphragmatic  surface 
directed  upwards  and  backwards,  and  an  inner  concave  surface  divided  into 
two  by  an  irregular  line,  the  hilum,  along  which  the  vessels  enter  and  leave 
the  organ,  and  whose  lower  border  lies  on  the  tail  of  the  pancreas.  Behind 
the  hilum  is  a  smooth  concave  depressed  area  moulded  on  the  upper  and  outer 
border  of  the  left  kidney  which  is  below  it,  separated  from  the  diaphragmatic 
surface  by  the  obtuse  margin.  In  front  of  the  hilum  is  a  broader  concave 
surface  which  lies  in  contact  with  the  bulging  end  of  the  stomach  in  front 
and   to  its   right   side.      This   gastric   area  joins   the   diaphragmatic   in   the 

anterior  or  crenated  mar- 
gin, which  lies  beneath  the 
cartilages  of  the  ninth  to  the 
eleventh  ribs.  The  notches 
in  this  border  are  some- 
times palpable  through  the 
abdominal  wall  in  enlarged 
spleens.  The  upper  end  is 
broader  and  thicker  and 
directed  forwards,  the 
lower  is  narrower,  thinner, 
and  directed  backwards. 
Below  it  is  the  splenic 
flexure  of  the  colon.  A 
line  drawn  from  the  left 
sterno-clavicular  j  "int  to 
the  tip  of  the  eleventh  rib  on  the  left,  bounds  the  edge  of  the  spleen. 

The  spleen  is  well  covered  by  peritoneum,  except  along  the  hilum,  the 
upper  end  of  which  is  connected  to  the  diaphragm  by  a  fold  of  peritoneum 
above,  the  phreno-Splenic  ligament  (fig.  515,  Is).  The  hilum  is  connected  by 
two   layers,    continuous    up    from    the    left  pancreatico-duodenal   fold   to    the 


Fig.  557. 


-Portion  of  capsule  and  trabecular  of  spleen- 
a,  trabecula  ;  b,  vein. 
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diaphragm  behind,  the  posterior  splenic  ligament,  and  by  two  layers  to 
the  great  bulging  end  of  the  stomach,  the  gastro-splenic  omentum,  the 
front  layer  of  the  former  and  the  hinder  of  the  latter  being  the  left  layers  of 
the  omental  bag,  while  the  two  other  layers  are  those  which  are  continued 
downwards  from  the  phreno-splenic  ligament  (§  251  ;  hg.  512). 

The  spleen  is  deep  purplish  in  colour  and  brittle  in  texture.  Under  the  peritoneum  and 
almost  inseparable  from  it  is  a  capsule  of  tough  but  thin  areolar  tissue  which  sends  in 
trabeculse,  coarse  and  fine,  branching  in  all  directions  through  the  substance  of  the  organ, 
making  a  spongy  skeleton  for  it,  whose  finest  subdivisions  are  of  microscopic  size,  and  whose 
meshes  are  filled  by  the  spleen  pulp.  These  trabeculse  can  be  demonstrated  by  washing  out 
the  spleen  pulp  with  a  stream  of  water ;  they  contain  smooth  muscle  cells,  which  are  sparingly 
distributed  in  the  substance  of  the  capsule.  Within  the  meshes  of  the  trabecular  is  a  finer 
network  of  adenoid  tissue  making  the  ground  substance  of  the  spleen  pulp.  Into  this 
capsule  the  arteries  pass,  dividing  repeatedly,  and  ending  in  pencil-like  sets  of  diverging 
branches.  These  finest  branches  have  lost  their  outer  sheaths  from  the  trabecular,  and  so 
they  lie  within  the  masses  of  spleen  pulp.  These  terminal  pencils  of  branches  do  not 
anastomose  with  each  other.  The  sheaths  of  the  capsule  surround  and  unite  with  the 
adventitia  of  the  coats  of  the  arteries  before  their  ultimate  division,  and  these  exhibit 
nodular  thickenings  of  reticular  tissue,  containing  lymph  cells,  which  are  called  Malpighian 
COPpuscles,  greyish  specks,  1  mm.  in  diameter,  and  of  these  there  are  about  5000  in  the 

human  spleen.  The  arteries  end  in  capillaries, 
whose  walls  instead  of  being  perfect  are  reticular, 
allowing  the  blood  to  escape  into  the  inter- 
mediate intercellular  spaces  among  the  mesh- 
work  of  the  fine  spongy  skeleton.  From  these 
cavernous  lacunar  spaces  veins  arise,  the  venous 
'i —  Trabecula. 


2 — Spleen  pulp. 


Mal/pighian 

corpuscles. 


Trabecules. 


Capsule. 
Fig.  558. — Section  of  spleen.      x  10. 


Fig.  559. — Malpighian  corpuscle — a,  artery  ;  b, 
spleen  pulp  ;  c,  artery  of  the  capsule.      x  50. 


radicles  being  wide  and  anastomosing,  and  uniting  to  form  the  efferent  veins  which  escape 
at  the  hilum.  The  venous  radicles  are  lined  by  spindle-shaped  endothelial  cells.  They 
anastomose  frequently,  and  enter  the  substance  of  the  trabeculse  through  which  they  pass, 
uniting  with  their  fellows  towards  the  hilum. 

The  spleen  thus  resembles  a  lymphatic  gland  in  which  blood  from  the 
reticular  vessels  had  invaded  the  lymph  paths,  hence  it  is  that  the  lymph 
corpuscles  of  these  follicles  gain  admittance  directly  into  the  vessels.  There 
are  two  sets  of  splenic  lymphatics — a  superficial,  which  forms  a  plexus  under 
the  peritoneum,  and  a  deep,  which  consists  of  fine  perivascular  spaces  in 
the  adenoid  tissue  around  the  vessels,  and  of  the  channels  which  carry  the 
lymph  therefrom. 

The  nerves  from  the  splenic  plexus  are  principally  distributed  to  the  vessels. 
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The  material  in  the  pulp  contains  several  kinds  of  blood  corpuscles  in 
various  stages  of  formation  and  disintegration. 

297.  THE  KIDNEYS,  seen  when  the  colon  is  removed,  are  two  nearly 
symmetrical  organs  on  the  back  wall  of  the  abdomen,  one  in  each  lumbar  region. 
The  rio-ht  is  a  little  lower  than  the  left,  being  depressed  by  the  liver,  and  lies 
at  the  side  of  the  last  dorsal  and  the  first,  second,  and  upper  edge  of  the  third 
lumbar  vertebrae,  while  the  left  is  usually  related  to  the  lower  edge  of  the 


Fig.  560. — Abdomen  opened,  showing  the  position  of  the  right  kidney  (9).    The  left  has  been 
removed — 10,  meter;   11,  suprarenal  body  ;  16,  left  renal  vein  ;  17,  18,  spermatic  veins. 

eleventh  dorsal  as  well  as  to  the  twelfth,  and  to  the  first  and  second  lumbar 
vertebrae.  The  twelfth  rib  crosses  the  back  of  each  kidney,  dividing  it  into 
two  unequal  halves,  and  the  convex  outer  edge  of  each  organ  is  on  a  level 
10  cm.  external  to  the  spine  of  the  first  lumbar  vertebra. 

The  posterior  surface  of  each  kidney  is  flattened,  and  rests  on  a  loose 
connective  mass,  the  tunica  adiposa,  which  separates  its  upper  third  from 
the  diaphragm,  its   lower  two-thirds   from   the   fascia   covering  the   quadratus 
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lumborum  muscle  and  from  the  ilio-hypogastric  nerve,  and  its  inner  border  from 
the  edge  of  the  psoas.  Below  each  kidney  is  a  similar  fatty  and  areolar  mass, 
separating  it  from  the  iliac  crest,  which  is  3  to  5  cm.  below  it.  In  front  of  the 
right  kidney  lie  the  ascending  colon,  the  second  part  of  the  duodenum,  and  the 
peritoneum  for  a  small  area  to  its  outer  side,  while  above  it  is  the  right  lobe  of 
the  liver  and  the  suprarenal  capsule  (§  314).  In  front  of  the  left  kidney  is  the 
tail  of  the  pancreas,  the  stomach,  the  descending  colon,  the  peritoneum  joining 
the  mesentery  to  the  left  lumbar  mesocolon,  and  the  spleen,  which  last,  with 
the  diaphragm  and  the  left  suprarenal  capsule,  also  lie  above  and  external  to  it. 
The  peritoneal  investment  of  the  right  kidney  is  confined  to  about  four- 
fifths  of  its  anterior  surface,  of  the  left  to  two-thirds.  It  is  easily  stripped  off, 
and  should  be  removed  without  injury  to  the  suprarenal  capsules  and  the 
vessels.  When  thus  cleaned  the  kidney  presents  a  convex  anterior  surface  and 
a  convex  outer  margin  directed  a  little  backwards,  an  upper  extremity  slightly 
the  larger,  directed  forwards  and  inwards,  a  lower  extremity,  smaller  and 
flatter,  directed  backwards  and  a  little  outwards.  The  axes  of  the  two  kidneys, 
if  prolonged,  will  meet  at  an  angle  of  6o°  on  the  ninth  dorsal  vertebra. 


MMnlla. 


I  '/■«  ii  r. 


h.  Artery. 


Fig.  561. — Longitudinal  section  of  kidney,  \ — I,',  medullary  rays;  1",  labyrinth;  2',  papil- 
lary portion  of  medulla  ;  2",  boundary  layer  of  medulla  ;  3,  transverse  section  of  tubules 
in  boundary  layer  of  medulla  ;  4,  interpyramidal  fat ;  5,  artery;  *,  medullary  rays. 

*  Tn  comparing  the  two  kidneys  the  right  appears  a  little  shorter  and  broader, 
the  left  is  slightly  the  larger. 

The  inner  anterior  margin  is  concave  and  presents  a  longitudinal  fissure, 
the  hilum,  whereinto  the  vessels  pass.  The  foremost  of  these  is  the  renal  vein, 
usually  the  highest  on  the  right  side.     Intermediately  are  the  branches  of  the 
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renal  artery,  some  of  which  lie  above  the  vein  on  the  left  side.  Behind  and 
below  is  the  ureter,  which  therefore  constitutes  the  easiest  guide  to  distinguish 
the  side  to  which  a  kidney,  removed  from  the  body,  has  belonged. 

The  hilum,  when  its  lips  are  opened,  appears  as  the  mouth  of  a  deep  inden- 
tation the  sinus  of  the  kidney.  In  this  sinus  the  ureter  dilates  behind  the 
vessels  into  a  large  sac,  the  pelvis  of  the  kidney. 

Divide  the  vessels  holding  one  kidney  in  place,  and  remove  the  organ,  leaving  the  supra- 
renal capsule  in  place.  The  detached  kidney  appears  smooth,  is  n  cm.  long,  5  cm.  broad, 
and  25  mm.  thick.  The  gland  weighs  140  grammes  in  the  male,  120  in  the  female,  and  its 
volume  is  150  c.cm.,  its  specific  gravity  i"05. 

The  kidney  is  invested  by  a  strong  capsule  consisting  of  areolar  tissue  con 
taming  many  elastic  fibres,  the  tunica  alDUginea,  which  is  easily  peeled  off 

without  injuring  the  subjacent 
gland-tissue,  except  at  some  min- 
ute spots  and  at  the  hilum,  where 
it  turns  inward  and  is  continuous 
into  the  sheaths  of  the  vessels. 
Beneath  the  capsule  is  a  deeper 
connective  layer  continuous  into 
the  interstitial  tissue  of  the  organ 
and  having  in  its  substance  an 
imperfect  layer  of  unstriped  mus- 
cle. Muscular  tissue  is  most 
largely  developed  in  the  inter- 
stitial tissue  around  each  papilla  as 
well  as  in  interpyramidal  bands. 
Divide  the  kidney  longitu- 
dinally by  one  stroke  of  a  large 
knife  carried  steadily  through 
from  the  convex  outer  border  to 
the  hilum.  Two  kinds  of  tissue 
appear  in  the  section,  (1)  a  paler 
medullary  matter  arranged  in 
radially  striated  pyramids  with 
their  apices  towards  the  hilum; 
(2)  a  superficial  reddish-brown 
Cortical  matter  investing  the 
bases  of  the  pyramids  and  sending 

processes  (columns  of  Bertin) 

between  them  towards  the  hilum. 
Each  pyramid  consists  of  a 
papillary  or  apical  part,  whose 
striation  is  obscure,  and  a  boun 
dary  zone  distinctly  streaked.  In  each  section  the  cortical  element  constitutes 
35  per  cent.,  the  boundary  zone  is  40  per  cent.,  and  the  papillary  zone  25  per 
cent.  The  average  thickness  of  the  cortical  matter  is  about  1  cm.  There  are 
about  fourteen  pyramids  in  the  kidney,  of  which  about  eight  are  cut  through  in 
this  vertical  section.  Each  of  these  was  a  primitive  lobule  in  the  embryonic 
kidney.  The  pyramids  end  in  papillae,  of  which  there  are  usually  about  ten, 
each  of  which  projects  into  a  short  membranous  tube  or  calyx.  The  8-10 
calyces  speedily  unite  into  infundibula,  of  which  there  are  two  or  three,  and 
these  by  their  confluence  form  the  pelvis. 

The  surface  of  each  papilla  within  the  calyx  is  covered  by  mucous  membrane, 
often  depressed  into  pits,  and  each  is  perforated  by  40-60  minute  holes,  each 


Fig.  562. — Longitudinal  section  of  a  pyramid,  x  5 — 
b,  base  of  a  renal  lobule;  RL,  labyrinth;  PF, 
pyramid  of  Ferrein  or  medullary  rays;  RV,  renal 
vein  cut  across  and  receives  an  interlobular 
vein  ;  V  R,  vasa  recta. 
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about  -o8  mm.  in  diameter,  the  openings  of  the  excretory  tubules  whereof  the 
pyramids  consist.  When  the  kidney  is  squeezed  a  drop  of  urine  exudes  from 
each  papilla. 

From  the  base  of  each  pyramid  radial  streaks  (medllllapy  rays)  pass  out- 
wards into  the  cortical  matter,  and  the  areas  between  these,  which  are  red  and 
granular,  are  called  the  labyrinths  of  the  kidney. 

The  kidney  is  made  up 
of  tubules,  blood-vessels, 
and  a  scanty  interstitial 
connective  tissue  which, 
however,  may  become  very 
much  increased  in  amount 
in  disease.  The  tubules, 
which  consist  of  a  homo- 
geneous basement  and  an 
epithelial  layer,  begin  in 
the  labyrinth  as  (i)  oval 
sacs  (fig.  563,  i),  the  eap- 

sules  of  Bowman,  each 

of  these  is  about  220  /x 
in  diameter  and  is  lined 
by  a  thin  layer  of  flattened 
epithelium  (fig.  564,  k). 
Each  capsule  has (2)  a  nar- 
row neck,  which  joins  (3) 
a  wide  tortuous  tube  (fig. 

563,  x)  (the  primary 
convoluted  tube),  lined 

by  short  irregular  cells, 
each  of  which  consists  of 
two  parts,  an  inner  of 
cloudy  protoplasm,  with  a 
circular  nucleus  directed 
towards  the  lumen,  and  an 
outer  fibrillated  part 
attached  to  the  basement 
layer,  with  brush-like  pro- 
cesses which  are  joined  to 
those  of  neighbouring  cells 
by  interlacing  with  them 
(fig.  564,  III.)  No  cap- 
sules exist  in  the  super- 
ficial layer  of  the  cortex 
nor  in  the  layer  immedi- 
ately in  contact  with  the 
boundary  zone. 

(4)  These  tubes  pass  to 
the  nearest  medullary 
ray,  where  they  become 
regularly  spiral  (the 
Spiral  tube),  and  de- 
scend in  the  ray  towards 
the  boundary  zone  of  the 
pyramid.     The  epithelium  of  the  spiral  tubes  is  of  the  same  kind,  but  flatter. 

(5)  At   the   base    of  the   pyramid  the  spiral  tube  suddenly  narrows   and 


Fig-  563-—  Diagrammatic  view  of  the  tubules  (right  side  of 
figure)  and  vessels  (left  side)  of  kidney— A,  capillaries  of 
cortex ;  B,  capillaries  of  medulla ;  S,  one  of  the  stellate 
veins  (venae  stellatae  of  Verheyen)  cut  across. 
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descends  vertically  into  the  pyramid  as  far  as  the  papillary  area;  this  portion 
is  the  descending*  tube  Of  Henle  (fig.  563,  t)  and  has  a  lining  of  clear  flat 
cells  with  bulging  nuclei  which  alternate  on  opposite  sides  of  the  tube,  giving 
to  the  lumen  in  longitudinal  optical  section  a  sinuous  appearance  (fig.  564,  IV.) 
When  these  tubes  reach  their  lowest  point  they  suddenly  turn  backwards, 
making  (6)  the  loop  of  Henle,  and  from  this  there  ascends  (7)  a  wider 
ascending"  tube  Of  Henle,  whose  epithelium  is  somewhat  like  that  of  the 
spiral  tubes,  but  with  a  shorter  fibrillated  portion.  This  emerges  at  the  base 
of  the  pyramid  and  re-enters  the  labyrinth  area  of  the  cortex,  where  it' 
becomes  (8)  an  irregular  tubule,  angularly  bent,  irregular  in  diameter, 
small  in  lumen,  and  lined  by  oval,  irregular,  coarsely  fibrillated  cells.  This 
portion  is  short,  and  again  becomes  uniform  in  calibre  as  (9)  the  secondary 
Convoluted  tube,  with  a  wider  lumen  and  a  clear  lining  of  flattened  cells. 
The  last  coil  of  this  portion,  lined  with  a  cubical  epithelium,  is  called  (to) 
the  junctional    tube  (fig-    563,   n),  and    is   very    narrow,   and    ends,   in  the 

medullary  ray,  by  joining 


( 1 1 )  a  straight  collecting 
tube  (ib.,  o).  These  are 
lined  by  columnar  epi- 
thelium, and  descend 
directly  into  and  through 
the  pyramid.  Each  of 
these  "  straight  tubes 
of  Bellini "  receives  in 
its  course  through  the 
medullary  ray  many 
junctional  tubes,  and 
each  unites  with  its 
neighbouring  straight 
collecting  tubes  as  it 
approaches  the  apex 
of  the  papilla,  so  that 
from  a  diameter  of  45  jac 
at  the  base  they  enlarge 
to  250  fL  at  the  papilla,' 
while  from  about  1,400. 
tubules  at  the  base,  they  have  diminished  to  60  at  the  apex  (fig.  563,  o). 

Of  all  these  parts  the  capsule,  primary  convoluted  tube,  irregular  tube,  and 
secondary  convoluted  tube  are  in  the  labyrinth;  the  spiral  and  junctional: 
tubes  enter  the  medullary  rays ;  the  descending  and  ascending  tubes  of  Henle, ! 
as  well  as  the  straight  collecting  tubes,  are  in  the  boundary  zones  of  the 
pyramid,  while  the  loops  of  Henle  with  the  larger  collecting  tubes  (ib.,  o— 
sometimes  called  excretory  tubes)  make  up  the  papillary  zone. 

Each  tubular  tract  from  capsule  to  papilla  is  about  12  cm.  long,  and  each  excretory  tube 
usually  drains  about  850  capsules.  Each  kidney  contains  about  half  a  million  capsules  and 
about  15  miles  of  tubing. 

298.  THE  RENAL  ARTERY  (p.  423)  as  it  enters  the  hilum  breaks  up  into 
four  or  five  branches.     Two  or  three  of  these  go  to  that  part  in  front  of  the" 
plane    of  the  hilum,    and    the    rest   to   that   behind,   and   these    two   sets  of 
vessels  communicate  but  sparingly,  although    each    communicates    by   arched 
anastomoses   with    its  neighbour   between   the   pyramids.     They  send    a   few 
branches  to  the  tunica  adiposa,  which  freely  anastomose  by  minute  branches0 
through   the  surrounding  fat  with  the  branches  of  the  lumbar  and  phrenic  i 
arteries.     The   main    branches    pass    in    the   columns   of  Bertin    between   the 


Fig.  564. — II,  Capsule  of  Bowman,  showing  the  vascular  tuft 
or  Malpighian  glomerulus  within  it  and  its  epithelial 
lining ;  III,  cells  of  epithelium  of  convoluted  tube ; 
1,  surface  view  ;  2,  side  view  ;  IV,  epithelium  of  loop  of 
Henle  ;  V,  collecting  tube  ;  VI,  excretory  tube. 
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pyramids  as  interpyramidal  branches,  each  of  which,  on  reaching  the  cortex, 
gives  off  straight  interlobular  branches  (fig.  563,  a)  in  the  labyrinth  passing 
peripherally.  Each  of  these  gives  off  (a.)  vasa  afferentia  to  the  capsules 
(ib.,  1),  (b.)  terminal  branches  to  the  surface  layer  of  parenchyma  under  the 
deep  layer  of  the  tunic,  (c.)  recurrent  Straight  branches  which  run  back- 
wards in  the  pyramids  between  the  tubules  (vasa  recta  Vera — ib.,  r),  (d.) 
a  few  very  fine  vessels  distributed  to  the  connective  tissues  of  the  cortical 
matter  in  which  they  make  a  fine-meshed  capillary  network. 

The    largest    and    most 
important  of  these   vessels  ■• 


the  vasa  afferentia 
(fig.  564,  a).  One  of  these 
passes  to  each  capsule,  the 
wall  of  which  it  pushes 
before  it  at  one  spot,  and 
projecting  into  the  cavity 
of  the  capsule,  though  en- 
closed in  the  very  attenuated 
invaginated  sac  of  the  wall 
thus  produced,  it  breaks 
up  into  a  little  tuft  of  about 
twenty     looped      capillary 

vessels,   the    Malpighian 

glomerulus.         These 
capillaries  reunite,  forming 

a  vein,  the  vas  efferens, 

smaller  than  the  artery 
(figs.  563,  2  j  564,  II,  e),  and 
this  escapes  from  the  nar- 
row opening  of  the  pouch 
of  invagination  close  to  the 
artery,  but  has  no  sooner  escaped  than  it  breaks  up  around  the  primary  con 
voluted  tubes  into  a  fine  capillary  plexus  (fig.  564,  II,  c)  closely  applied  to  the 
thin  basement  of  the  convoluted  tubes.  From  these  veins  by  their  re-unions 
interlobular  veins  arise,  which  unite  and  pass  back  between  the  pyramids  as 
interpyramidal  veins,  which  ultimately  by  their  unions  make  up  the  renals. 
The  lowest  vasa  efferentia,  nearest  to  the  bases  of  the  pyramids,  send  pencil-like 
straight  vasa  recta  spuria  (ib.,  e)  backwards  between  the  straight  tubes  of 
the  pyramids.  The  arteries  which  pass  to  the  surface  of  the  kidney  com- 
municate with  clusters  of  small  stellate  veins  (ib.,  S)  which  also  end  in  the 
interlobular  veins.  The  afferent  vessels  give  off  small  branches  directly  to  the 
capillary  network  of  the  cortex  whose  blood  does  not  go  through  the  Malpighian 
glomerulus. 

The  watery  and  saline  parts  of  the  urine  are  excreted  in  the  capsules  by  a  process  of 
transudation  depending  largely  on  the  difference  between  the  intraglomerular  and  intra- 
capsular pressure. 

The  lymphatics  of  the  kidney  are  twofold,  capsular  and  glandular.  The  capsular 
lymphatics  form  a  wide-meshed  plexus  with  large  lymph-spaces  beneath  the  tunica  albuginea, 
and  converge  to  the  hilum.  The  glandular  lymphatics  are  very  abundant,  and  begin  as 
Wall -less  slit-like  spaces  in  the  labyrinth  around  the  vessels;  from  these  arise  thin-walled 
lymphatics  with  scarcely  any  valves,  which  surround  the  larger  vessels  and  meet  the  super- 
ficial lymphatics  in  the  hilum  ;  here  they  communicate  with  a  cluster  of  glands  around  and 
above  the  renal  artery,  and  end  in  the  truncus  lymphaticus  lumbalis  (p.  432). 

The  renal  nerves  from  the  aortico-renal  plexus  (§  314)  accompany  the  renal  artery  into  the 
gland.  They  are  very  few  in  number  and  small  in  size,  and  apparently  are  distributed  only 
on  the  coats  of  the  vessels.  Between  the  arteries  and  veins  in  the  hilum  are  lymphatic 
glands  and  minute  encapsulated  penieuli,  the  remains  of  modified  nephric  tubes. 


565. — Transverse  section  near  the  apex  of  a  medullary 
pyramid — a,  collecting  tube  ;  b,  c,  d,  sections  of  parts 
of  the  loop  of  Henle  ;  e,  f,  blood-vessels. 
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The  membranous  receivers  of  the  urine  begin  as  wide  irregular  bags  called  calyces, 
embracing  the  papilla-,  continuous  at  the  commencement  of  the  calyces  with  the  imperfect 
smooth  muscle  layer  of  the  capsule.  These,  by  their  unions,  form  infundibula,  which  unite 
to  form  the  pelvis  of  the  kidney.  These  membranous  tubes  have  moderately  thick  walls 
which  consist  of  (i)  an  outer  areolar  coat,  (2)  a  circular  layer  of  smooth  muscle  fibres,  (3)  a 
layer  of  radial  fibres,  (4)  a  connective  tissue  submucous  layer,  (5)  a  mucous  layer  in  which  are 
embedded  a  few  simple  acinous  glands  and  lymphoid  nodules  but  no 
papilla;,  (6)  a  layer  of  transitional  epithelium  (p.  25). 

The  foetal  kidney  is  lobulated  (fig.  566),  the  lobules  representing 
the  several  pyramids,  each  with  its  cortical  mass ;  but  as  age  advances 
the  growth  of  the  cortical  mass  obliterates  the  lobulation.  The  water 
and  saline  parts  of  the  urine  are  formed  by  transudation  from  the 
glomeruli  into  the  capsules.  The  organic  constituents  are  secreted  by 
the  tortuous  tubes. 


Fig.  566. —Foetal  kid- 
ney, showing  its 
lobulation. 


299.  URETER  (fig.  560,  10),  a  pale,  collapsed  tube,  about 
35  cm.  long,  the  continuation  of  the  tapering  end  of  the  pelvis 
of  the  kidney,  descends  on  the  psoas  muscle,  curving  at  first 
a  little  inwards,  obliquely  crossing  the  genito-crural  nerve 
and  the  bifurcation  of  the  common  iliac  artery.  Having 
entered  the  pelvis,  it  passes  downwards  and  inwards  in 
the  attached  border  of  the  posterior  false  ligament  of  the 
bladder  to  open  into  the  base  of  that  organ.  It  is  closely 
attached  to  the  hinder  surface  of  the  peritoneum  and  in 
the  lumbar  region  is  crossed  obliquely  by  the  spermatic  vessels.  On  the  right 
it  lies  external  to  the  vena  cava,  and  behind  the  attachment  of  the  lowest  part 
of  the  mesentery  ;  on  the  left  it  is  behind  the  sigmoid  mesocolon  and  the 
inferior  mesenteric  vein,  and  is  crossed  by  branches  of  the  inferior  mesenteric 
artery.  In  the  posterior  false  ligament  of  the  bladder  it  is  crossed  from 
without  inwards  by  the  vas  deferens  in  the  male,  and  the  obliterated  hypo- 

Adventitiov.s  coat. 


Outer  longitudinal  fibres. 
■Circular  fibres. 
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-,  gfr-i'.viiV^ — Longitudinal  fibres. 

"'"o-.-jk'i  ;(& — Submucous  layer'. 
"  '^"-^-^.'"'Ty —  Tunica  propria. 

3 — gefSPaf  l\  '■• —  Epithelium. 


Fig.  567. — Section  of  the  lower  part  of  the  ureter. 

gastric  artery  lies  above  and  external  to  it.  In  the  female  the  ureters  pass 
on  each  side  of  the  neck  of  the  uterus,  through  the  plexus  of  uterine  veins  and 
beneath  the  broad  ligament. 

In  diameter  it  varies  from  3  to  5  mm.,  being  narrowest  at  its  vesical  end  which  burrows 
obliquely  for  about  1  cm.  through  the  coats  of  the  bladder ;  it  is  also  narrow  where  it 
crosses  the  iliac  arteries. 

In  structure  it  resembles  the  pelvis  of  the  kidney,  but  for  its  lower  three-fourths  has  a 
second  layer  of  irregularly  disposed  longitudinal  muscular  fibres  (outside  the  circular  layer). 


LIGAMENTS    OF    THE    BLADDEK. 
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Its  mucosa  is  pale,  longitudinally  folded,  having  only  one  or  two  small  mucous  glands  close 
to  its  renal  end.  These  glands  are  lined  by  a  thin  layer  of  columnar  epithelium .  There  is 
no  distinct  submucous  layer,  but  in  the  deep  layer  of  the  mucosa  there  is  a  large  wide- 
meshed  plexus  of  varicose  lymphatics  communicating  above  with  those  of  the  kidney. 
Arteries  are  few,  and  derived  from  the  renal,  lumbar,  and  common  iliac ;  nerves  are  also  few, 
and  come  from  the  renal  plexus  above,  from  the  hypogastric  plexus  below,  and  a  few 
ganglion  cells  are  enclosed  in  the  plexus  at  the  vesical  end.  Its  epithelium  is  transitional, 
like  that  of  the  bladder  (fig.  48,  p.  24). 

Innate  the  bladder  moderately  through  the  ureter. 

300.  THE  FALSE  LIGAMENTS  OF  THE  BLADDER.— The  peritoneum 
which  covers  the  posterior  surface  of  the  bladder  is  reflected  in  a  continuous 


superior  vesical. 


white  line. 

recto-vesical  fascia. 

rectal  fascia. 

levator  ani. 


-  united  iliac  and 
pelvic  fascia. 

'  pelvic  fascia. 

-  obturator  internus. 
obturator  fascia. 
Alcock's  canal. 


anal  fascia.       ischio-rectal  fossa. 

Fig.  568. — Diagram  of  oblique  coronal  section  through  the  pelvis,  showing  the  cut 

outline  of  the  fascia. 

sheet  from  it  on  the  parts  around,  on  the  front  wall  of  the  abdominal  cavity 
above  and  in  front,  and  on  the  rectum  behind.  This  reflection  is  elevated  into 
distinct  folds  along  three  lines.  One  of  these  folds  is  median,  extending  from 
the  summit  of  the  bladder  towards  the  umbilicus,  and  contains  the  urachus 
(§  248).  This  is  called  the  superior  false  ligament.  Posteriorly  two 
crescentic  folds  pass  from  the  wall  of  the  pelvic  cavity  to  the  sides  of  the  back 
of  the  bladder,  one  on  either  side  of  the  rectum.  The  ureters  lie  in  the  bases 
of  these  folds,  which  are  named  the  posterior  false  ligaments.  To  the 
sheet  of  peritoneum  between  the  superior  and  posterior  folds  on  each  side 
the  name  lateral  false  ligament  is  given,  and  under  this  layer  lie  the 
obliterated  hypogastric  artery,  the  vas  deferens,  and  the  vesical  artery. 
Between  the  Wo  posterior  false  ligaments  is  the  rectovesical  cul  de  sac  of 
peritoneum  (p.  392).  There  is  no  true  line  of  demarcation  between  the  lateral 
and  the  other  false  ligaments,  but  the  line  of  the  hypogastric  artery  may  be 
arbitrarily  taken  as  limiting  it  both  behind  and  in  front. 

Dissection. — Divide  the  peritoneum  on  the  right  side  of  the  bladder  and  strip  it  off  the 
right  half  of  the  organ  without  injury  to  the  underlying  layers,  remove  it  also  from  the  right 
half  of  the  wall  of  the  pelvic  cavity,  and  with  the  finger  and  handle  of  the  knife  take  away 
the  lax  connective  tissue  of  the  cavum  prse-peritoneale  (§  247).  Thereby  a  thin  membrane, 
the  upper  surface  of  the  pelvic  fascia,  is  exposed. 

301.  THE  TRUE  LIGAMENTS  OF  THE  BLADDER  consist  of  pelvic  fascia 
reflected  from  the  pelvic  wall  on  the  side  of  the  base  of  the  bladder  (fig.  568). 
The  reflection  attached  to  each  side  of  the  bladder  is  the  lateral  true 
ligament,  which  is  lost  in  the  subserous  tissue  on  the  sides  and  summit  of 
the  organ.  Traced  forwards,  this  reflection  ends  on  each  side  of  the  middle 
line  in  a  strong  short  fold,  the  anterior  true  ligament,  which  passes 
from  the  pelvic  wall  on  the  level  of  the  lower  end  of  the  symphysis  pubis 
to  the  front  of  the  bladder  above  its  neck.  Between  these  two  anterior  true 
ligaments   in  the   median  line  is   a  deep   furrow   containing  very  lax   tissue 
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beneath  which  lies  the  intrapelvic  extension  of  the  dorsal  vein  of  the  penis 
(§  235).  Posteriorly  the  lateral  true  ligament  becomes  thin  and  indistinct, 
passing  with  no  abrupt  border  into  the  areolar  tissue  around  the  rectum. 

Dissection. — Before  proceeding  with  the  dissection,  the  arrangements  of  the  fascia: 
within  the  pelvis  should  he  observed.  The  lower  limbs  having  been  removed  at  the  hip- 
joints,  the  right  ilium  is  to  be  sawn  through  the  acetabulum  in  a  line  from  the  upper  and 
anterior  part  of  the  sciatic  notch  to  the  upper  border  of  the  obturator  foramen,  the  spine  of 
the  ischium  is  to  be  divided  at  its  root,  and  the  right  ischium  is  to  be  sawn  through  along 
a  line  joining  the  lower  limit  of  the  lesser  sciatic  notch  and  the  lower  limit  of  the  obturator 
foramen.  The  piece  of  bone  thus  isolated  being  removed  from  the  obturator  interims  which 
underlies  it,  that  muscle  is  to  be  seized  by  its  tendon  and  dissected  away,  leaving  intact  its 
fascial  investment  which  separates  it  from  the  pelvic  cavity.  The  system  of  intrapelvic 
fascia?  can  now  be  seen  on  three  aspects,  superior  beneath  the  peritoneum,  external  as  shown 
in  this  section,  and  perineal  as  it  forms  the  boundaries  of  the  ischio-rectal  fossa  which  is  to 
be  reopened. 

f'5j  302.  PELVIC  FASCIA. — From  above,  the  lining  fascia  transversalis  of 
the  abdomen  descends  into  the  pelvis,  clothing  the  back  of  the  pubes  and  the 


i.t.l. 


sc.ji.  sea.  sith. 

Fig.  569. — Horizontal  section  of  pelvis,  showing  the  obturator  and  anal  fascias  bounding 
the  ischio-rectal  fossa.  (The  name  levator  ani  is  on  the  obturator  muscle  along  the 
outer  cut  border  of  the  right  levator  ani.) 

side  of  the  cavity  below  the  ilio-pectineal  line,  degenerating  into  a  lax  layer 
of  areolar  tissue  over  the  coccygeus  and  over  the  intrapelvic  aspect  of  the 
pyriformis  and  greater  sciatic  notch.  It  is  perforated  by  the  branches  of  the 
internal  iliac  vessels,  the  openings  for  which  are  usually  bounded  by  distinct 
white  fibrous  bands.  This  fascia  is  closely  tied  to  the  periosteum  along  the 
ilio-pectineal  line,  where  it  becomes  inseparably  attached  to  the  inner  edge  of  the 
iliac  fascia,  and  it  is  attached  to  the  hinder  surface  of  the  pubes,  and  laterally 
clothes  the  intrapelvic  surface  of  the  obturator  intemus  as  far  as  the  level  of  a 
line  drawn  from  the  anterior  true  ligament  of  the  bladder  backward  to  the  spine 
of  the  ischium.  On  this  level  the  fascia  is  thickened  and  opaque,  and  a  more 
or  less  definite  streak,  the  white  line,  marks  the  place  along  which  the  fascia 
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appears  to  divide  into  two  descending  lamellae.  This  white  line  can  be  seen 
either  from  the  intrapelvic  or  from  the  outer  side. 

The  outer  of  these  lamellae  (obturator  fascia)  is  seen  in  the  lateral 
dissection  to  form  the  sheath  of  the  obturator  internus,  and,  viewed  from  the 
perineal  side,  this  layer  is  seen  to  split  along  the  upper  angle  of  the 
ischio-rectal  fossa  (§222)  into  the  two  fasciae  which  bound  that  space.  The  outer 
of  these  (proper  Obturator  fascia)  has  already  been  seen  completing  the 
sheath  for  the  obturator  internus,  enclosing  the  third  stage  of  the  pudic  artery 
in  a  canal  in  its  substance,  Alcock's  canal,  and  attached  below  to  the  tuber  ischii 
and  falciform  edge  of  the 
greater  sciatic  ligament.  The 
inner  (anal  fascia)  is  the 
thin  indistinct  lamella  which 
clothes  the  perineal  aspect 
of  the  levator  ani.  Tracing 
these  two  layers  towards 
the  front  of  the  perineum, 
they  reunite  close  to  the 
inner  edge  of  the  ischio- 
pubic  ramus  at  the  level 
of  the  tuber  cavernosum, 
(fig.  569)  and  the  conjoint 
layer  thus  formed  is  at- 
tached to  the  inner  and 
upper  edge  of  the  pubic 
ramus,  from  this  forwards 
to  this  symphysis.  From 
this  attachment  a  lamella  is 
continued  inwards  on  the 
under  surface  of  the  anterior 
(pubic)  fibres  of  the  levator 
ani,  below  and  in  front  of 
the  prostate  to  the  median 
line,  where  it  joins  its  fellow 
of  the  opposite  side  in  a 
raphe  pierced  above  and  in 
front  by  the  dorsal  vein 
of  the  penis,  below  and 
behind  by  the  membranous 
portion  of  the  urethra.  This 
median  prolongation  is  often 

'         ,  .       "  .  J        Fig.  570. — Sagittal  section  through  bladder  and  rectum — 

oi  the  triangular  ligament,         r>  rectum  ;  s,  symphysis ;  b,  bladder ;  p,  prostate, 
but  it  is  better  to  consider 

it  independently  as  the  subpubic  fascia.  It  bears  on  its  perineal  surface 
the  fourth  stage  of  the  pudic  artery  and  its  branches,  Cowper's  gland,  the 
compressores  urethrce  muscles,  and  on  its  upper  surface  the  levator  ani  and 
the  prostate. 

The  upper  surface  of  the  origin  of  the  levator  ani  can  be  seen  in  this  dissection  to  extend  to  • 
the  white  line  in  the  angle  of  the  apparent  splitting  of  the  fascia ;  some  of  its  fibres  can  be 
traced  into  the  prostate. 

It  can  also  be  seen  that  the  levator  is  bilaminar,  especially  towards  its  insertion;  its 
superficial  part,  including  most  of  its  pubic  part,  being  on  the  plane  of  the  superficial 
sphincter,  its  deep  plane  being  on  the  level  of  the  interval  between  the  superficial  and 
deep  sphincters. 

The  anal  and  medial  connection  of  the  levator  ani  are  secondary.     The  muscle  is  primi- 
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tively  a  caudal  muscle,  and  has  become  secondarily  perineal  from  the  suppression  of  the  tail. 
In  tail-bearing  animals  most  of  it  is  the  lateral  caudal  muscle,  only  a  small  part  and  that  only 
in  higher  forms  being  set  apart  as  an  anal  muscle,  its  innervation  on  its  inner  side  and  from 
the  third  sacral  nerve  marks  its  segmentation  from  the  sphincter,  whose  innervation  is  always 
on  its  outer  surface. 

This  muscle  separates  the  outer  or  obturator  system  of  fascia?  from  the  inner  or  visceral 
which  descends  on  the  abdominal  surface  of  the  levator,  and  which  forms  by  its  superficial 
lamella  the  lateral  true  ligaments  of  the  bladder. 

Dissection. — Divide  the  lateral  true  ligaments  along  the  side  of  the  bladder,  tracing  the 
vesical  layer  of  fascia  inwards  over  the  bladder  until  it  degenerates  into  a  thin  subserous 
coat.  Draw  the  bladder  forwards  and  to  the  left,  and  thereby  expose  a  thick  soft  layer  of 
tough  areolar  tissue  permeated  with  lymphatics  and  veins,  which  extends  from  one  side  to  the 
other,  between  the  bladder  and  rectum.  This  recto- vesical  layer  (Tyrrell's  fascia)  is  con- 
tinuous posteriorly  with  the  vesical  fascia  as  it  descends  over  the  back  of  the  bladder, 

Line  of  sagittal  section  of  fig.  570. 


Bladder. 


Obturator  fascia. 

Amd  fascia. 

Forward  continuation 
of  these  united. 


Capsule  of  prostate.- 


Subpubic  fascia. 


(holies'  fascia.- 


Ischio-cavernosus. 
Long  perineal  art. 
Bulbo-cavernosus. 


Fig.  S7i 


Ant.  layer  triangular  ligt.  Bulb  of  urethra. 


Diagram  of  slightly  oblique  coronal  section  of  pelvis  through  bladder,  prostate  (p) 
and  urethra.     The  erectile  bodies  are  darkly  shaded — u,  ureter  ;  is,  ischium. 

laterally  it  is  continuous  with  the  visceral  layer,  and  anteriorly  with  the  superficial  capsule 
of  the  prostate,  through  which  it  is  traceable  forward  to  the  front  of  the  levator  ani,  to  join 
with  the  subpubic  fascia.  The  vesicular  seminales,  vasa  deferentia,  and  prostatico-vesical 
plexus  of  veins  lie  more  or  less  embedded  in  this  layer  (fig.  573,  T). 

If  this  fascia  be  divided  along  the  is  nner  side  of  the  levator  ani  as  iti  about  to  cover  the 
surface  of  the  rectum,  a  deep  conuective  process  is  exposed  which  dips  in  between  the 
levator  ani  and  the  side  of  the  rectum.  This  rectal  fascia  degenerates  below  into  loose 
connective  tissue  on  the  wall  of  the  rectum. 

In  development  the  intrapelvic  fascial  are  twofold,  obturator  and  visceral,  the  obturator 
fascia  is  originally  an  independent  layer,  derived  from  the  system  of  the  fascia  lata,  sheath- 
ing the  obturator  muscle,  with  which  it  is  co-extensive.  This  is  covered  on  its  inner  surface 
above  the  white  line  by  the  true  pelvic  fascia,  and  becomes  inseparable  therefrom  in  the 
adult.  The  levator  ani,  whose  origin  is  on  the  inner  surface  of  the  obturator  fascia,  and 
which  therefore  becomes  connected  with  these  combined  fascia?  at  the  angle  of  union,  not 
uncommonly  sends  fibres  of  its  tendon  upwards  in  the  substance  of  the  combined  layers,  even 
as  high  as  the  ilio-pectineal  line,  indicating  the  primitive  plane  of  division.  The  visceral 
layer  primitively  excluded  the  bladder  as  a  parietal  organ  from  the  abdominal  cavity.  The 
connection  of  the  recto-vesical  with  the  subpubic  fascia  is  probably  secondary ;  but  it  must 
be  borne  in  mind  that  much  of  the  definiteness  of  these  layers  in  the  adult  is  created  by  the 
knife  and  forceps. 

The  relations  of  the  peritoneum  and  fascia?  to  the  ureter,  the  hypogastric  artery,  and  the 
vas  deferens  having  been  reviewed,  the  superior  pubic  rami  should  be  removed  to  expose 
the  bladder,  which  is  next  to  be  examined. 
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303.  BLADDER. — The  shape  and  relations  of  this  organ  depend  on  its 
degree  of  distension  and  on  the  pressure  to  which  it  is  subjected  by  the 
surrounding  parts.  In  an  opened  abdomen  it  appears  somewhat  ovoid.  In 
sections  through  the  frozen  abdomen  it  appears  indented  by  the  parts  above  it. 
When  emptied  by  the  contraction  of  its  wall,  it  shrinks  and  becomes  rounded  ; 
but  when  the  contraction  is  imperfect  it  becomes  flattened,  either  sagittally  or 
vertically,  according  to  its  relation  to  the  overlying  small  intestine.  Behind, 
it  rests  on  the  rectum  with  the  intervention,  below,  of  the  recto-vesical  fascia, 
the  vasa  deferentia,  seminal  vesicles  and  ureters,  and  above,  of  the  recto-vesical 
cul  de  sac  of  peritoneum.  Anteriorly  it  is  in  contact  with  the  pubis  and  the 
abdominal  wall,  to  which  it  is  tied  by  the 
anterior  true  ligaments  below,  and  by  the 
urachus  and  superior  false  ligament  of  peri- 
toneum above.  Between  the  true  and  false 
ligaments  anteiiorly  is  the  preperitoneal 
space  in  which  the  bladder  is  separated 
from  the  abdominal  wall  by  exceedingly 
lax  areolar  tissue.  Laterally  the  bladder 
is  tied  to  the  side  of  the  pelvic  cavity  by 
the  lateral  false  and  true  ligaments  and  the 
parts  within  them,  and  below,  on  each  side, 
lies  the  prostatico-vesical  venous  plexus. 
The  convolutions  of  ileum  lie  on  its  upper 
and  posterior  surface. 

The  long  axis  is  nearly  horizontal,  its  base 
being  directed  backwards  towards  the  sacrum 
and  its  summit  towards  the  upper  edge  of  the 
pubes.  In  the  female  it  is  nearly  as  broad  as 
long,  the  vertical  being  to  the  transverse  diameter 
as  9-5  :  10 "2  ;  in  the  male  it  is  longer  than  broad, 
its  diameter  being  as  14  :  10. 

Its  average  capacity  is  about  650  c.cm., 
but  varies  in  health  from  460  to  1,600  c.cm. 
in  the  male,  and  between  320  and  1,300  in 
the  female.  The  sac  suddenly  contracts  to 
the  urethra  without  any  tapering  part 
or  neck  intervening.  The  false  and  true 
ligaments  having  been  divided,  the  serous  membrane  should  be  removed  from 
the  summit,  back,  and  hinder  part  of  each  lateral  surface.  The  closeness  of 
adhesion  of  this  membrane  is  variable.  Beneath  the  first  coat,  which  is  the 
imperfect  investment  of  peritoneum,  is  a  second  or  subserous  connective 
tissue  coat,  derived  from  the  true  ligaments,  in  which  most  of  the  larger  vessels 
ramify,  the  veins  being  mostly  beneath  it  and  the  arteries  on  its  surface. 

The  third  or  HlUSCUlaF  COat  is  the  thickest,  and  is  imperfectly  divisible 
into  three  layers,  the  outer  of  which  is  of  reddish  longitudinal  unstriped  fibres 
arranged  in  several  series. 

One  set  are  uraeho-vesieal  (fig.  572,  2)  and  radiate  in  three  series;  the  anterior  fibres 
descend  on  the  front  wall  (ib.,  3),  the  posterior  (ib.,  1)  on  the  hinder  wall  from  the  urachus, 
and  the  lateral  pass  in  two  series,  some  oblique  (4)  and  some  directly  downwards  (5)  from 
the  urachus  to  the  prostate.  A  second  set  are  pubO-pPOStatieo-vesieal,  and  radiate 
on  the  anterior  wall  from  the  attachment  of  the  anterior  true  ligaments;  a  third  series  are 
rectO-vesical,  coming  from  the  fascia,  so  named  in  the  male,  or  vagino-vesieal  in  the 
female.  These  series  freely  interlace  into  a  continuous  layer,  which  is  sometimes  named  the 
detrusor  urince  muscle. 

The  middle  layer  is  a  thin,  irregular  stratum  of  circular  fibres  (shown  by 
removing  the  longitudinal  fibre  at  6 — fig.  572),  which,  for  the  lower  half,  are 


Fig.  572. — Outer  layer  of  longitudinal 
muscles  of  the  bladder — 7,  ureter; 
8,  prostate ;  9,  vesicula  seminalis ; 
10,  vas  deferens. 
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fairly  distinct,  but  become  irregular,  oblique,  and  somewhat  interrupted  towards 
the  summit.  These  co-operate  with  the  last,  and  do  not  form  a  functional 
sphincter.  The  innermost  layer  consists  of  weak  reticularly  disposed  fibres,  for 
the  most  part  longitudinal,  some  of  which  become  stronger  and  more  distinct 
close  to  the  orifice  of  the  ureter  and  shine  through  the  mucous  membrane, 
and  are  hereafter  to  be  seen  on  the  inner  side.  The  fibres  of  this  and  the 
second  layer  are  apt  to  become  hypertrophied  whenever  there  is  any  obstacle  to 
micturition,  and  they  then  project  into  the  interior  of  the  cavity  as  distinct 
fleshy  columns. 

Through  these  muscular  coats  the  ureters  pass  obliquely  for  about  i  cm. 
before  opening  into  the  cavity  of  the  bladder. 

The  fourth  or  submucous  coat  is  a  tough  layer  of  connective  tissue  con- 
taining an  abundance  of  coiled  elastic  fibres  and  some  vessels,  loosely  attached 
to  the  subjacent  soft,  smooth,  whitish  mucosa,  to  see  which  the  bladder  should 
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Fig.  573.— Horizontal  section  through  the  bladder  and  rectum.     Bristles  are  passed  into  the 
ureters — M  B,  Bell's  muscles  ;  T  is  placed  at  the  apex  of  the  trigone  behind  the  uvula. 

be  opened  by  a  crucial  incision  through  its  summit,  leaving  its  base  undivided. 
The  mucosa  appears  corrugated,  but  the  rugse  are  obliterated  by  distension.  It 
is  covered  by  transitional  epithelium,  and  has  no  muscularis  mucosae.  On  the 
inner  surface  are  to  be  seen  three  openings ;  of  these  the  urethral  orifice  is 
the  most  conspicuous  and  usually  the  lowest.  Several  radial  folds  of  the  mucous 
membrane  (the  vesical  plicae)  converge,  near  the  anterior  part  of  the  base,  to 
this  opening  whose  hinder  wall  is  raised  into  slight  eminence,  the  UVUla 
vesiC3B,  a  thickening  of  the  submucous  tissue  over  the  middle  lobe  of  the 
prostate,  which  gives  to  the  opening  a  somewhat  reniform  shape.  From  the 
uvula,  two  faint  ridges,  corresponding  to  two  longitudinal  muscular  bands 
(Bell's  muscles),  diverge  backwards  for  about  25  mm.  to  the  small  oblique 
and  slit-like  orifices  of  the  ureter,  and  these  form  the  lateral  boundaries  of  a 
triangular  space,  the  trigone,  whose  posterior  boundary  is  a  more  or  less 
prominent  crescentic  ridge  of  submucous  tissue  (Mercier's  bar),  behind  which 
there    is   often,   especially  in   old   age,   a  depressed   area,  the   post   trigonal 

pouch. 

The  mucous  membrane  of  the  trigone  is  slightly  redder  and  more  sensitive  than  elsewhere 
in  the  bladder,  and  papillose  but  never  rugous.  This  trigone  was  the  floor  of  the  hinder  part 
of  the  urogenital  sinus,  while  the  boundaries  of  the  trigone  are  those  of  the  opening  of  the 
vesical  area  of  the  allantois  into  the  cloaca. 

The  vesical  muscles  derive  their  nerves,   which  include  many  large  double-contoured 
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spinal  branches,  from  the  inferior  lateral  prolongation  of  the  hypogastric  plexus  and  from  the 
vesical  branches  directly  from  the  sacral  plexus.  They  lie  chiefly  at  the  sides  and  base 
along  with  the  arteries,  and  have  ganglion  cells  in  their  meshes;  they  are  distributed  in 
two  plexuses — one  series,  including  the  brandies  from  the  second  and  third  sacral  nerves, 
are  distributed  in  a  plexus  among  the  muscular  fibres ;  the  second  series,  which  are  purely 
from  the  sympathetic  system,  form  a  close  network  in  the  mucosa  beneath  the  epithelial 
layer,  and  have  been  described  as  sending  filaments  between  the  epithelial  cells  to  end  in 
special  cellular  nerve  endings. 

The  chief  vesical  arteries  are  two  on  each  side,  one  from  the  internal  iliac; 
distributed  to  the  sides  of  the  organ  within  the  layers  of  the  lateral  false 
ligament.      The   hypogas-  Vas. 

trie  usually  gives  off  a 
superior  vesical,  its  last 
pervious  branch.  Inferior 
vesical  branches  come 
from  the  pudic. 

The  vesical  veins  de- 
scend to  the  large  plexus 
which  lies  in  the  lateral 
true  ligaments  at  the  side 
of  the  base  of  the  bladder. 
The  lymphatics  are  few, 
chiefly  found  in  the  region 
of  the  trigone,  though 
there  are  also  a  few  on  the 
anterior  wall;  they  accom- 
pany the  veins,  and  end 
in  the  inferior  hypogastric 
glands  situated  with  the 
venous  plexus. 

304.  THE  VASA  DEFERENTIA  (fig.  575),  which  have  been  already  traced 
up  from  the  testes  (p.  383),  are  to  be  followed  as  they  descend  on  the  back  of 
the  bladder  by  drawing  the  bladder  forwards  and  upwards.  They  converge, 
each  towards  its  fellow,  and  form  the  lateral  boundaries  of  the  posterior 
vesical  triang"le,  whose  base  is  formed  by  the  fundus  of  the  recto-vesical 
peritoneal  pouch,  and,  whose  apex  is  below,  where  these  ducts  unite  with  the 
duct  of  the  vesicula  seminalis,  forming  the  common  ejaculatory  duct, 
which  enters  the  back  of  the  prostate  gland.  Each  vas  is  about  25  mm.  in 
diameter,  but  its  lumen  seldom  exceeds  06  mm.  At  the  back  of  the  bladder 
the  vas  dilates  into  an  ampulla,  which  is  saccular  and  tortuous,  containing 
a  few  small  tubular  mucous  glands  in  its  coat. 

305.  THE  VESICULA  SEMINALIS  is  external  to  the  vas  on  each  side. 
These  vesicular  are  two  irregular,  pear-shaped  masses  of  convoluted  tubes,  each 
about  5  cm.  long,  lying  between  the  wall  of  the  bladder  and  the  recto-vesical 
fascia.  Their  bases  are  divergent  above,  and  their  apices  converge  in  front, 
and  end  in  ducts  which  open  at  the  back  of  the  prostate  into  the  common 
ejaculatory  duct,  along  with  the  vas  deferens. 

If  the  vesicula  be  inflated  from  the  vas  deferens  it  can  be  dissected  out  as  a  wide  coiled 
tube  about  15  cm.  long,  from  which  many  saccular  diverticula  project,  which  are  tied  into  a 
solid  mass  by  the  surrounding  areolar  tissue  and  smooth  muscle.  Bands  of  muscle  also  cross 
from  one  vesicula  to  its  fellow  beneath  the  fascia,  and  some  of  these  are  connected  to  the 
superficial  muscles  of  the  bladder. 

The  coats  of  the  vesicula  are  similar  to,  but  thinner  than,  those  of  the  vas  deferens.  The 
mucous  surface  appears  honeycombed,  whitish  grey,  and  in  the  wall  are  embedded  many 
small  tubular  albuminiparous  glands.  The  arteries  of  the  vesicula?  are  derived  from  the 
inferior  vesical  branches  of  the  pudic ;  the  veins  pass  into  the  prostatico-vesical  plexus ;  the 
lymphatics  are  very  numerous,  and  end  in  the  middle  hypogastric  glands ;  a  plexus  of  nerves 
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Fig.  574. — Trigone  and  prostatic  portion  of  urethra  laid  open 
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containing  ganglion  cells  lies  in   the  coats  of  the  vesicula,  derived  from  the  hypogastric 
plexus. 

Dissection. — Divide  the  inferior  pubic  ramus  by  a  vertical  incision  i  cm.  to  the  side 
of  the  symphysis,  and  draw  the  bladder  a  little  backwards  and  upwards.  B.emove  the 
prostatico-vesical  veins  from  each  side  of  its  base,  and  having  followed  the  vesicula?  seminales 
and  vasa  dcferentia  to  their  junction  at  the  prostate,  clear  the  sides  and  under  surface  of  the 
prostate  gland. 

306.  THE  PROSTATE  (figs.  569,  572)  is  a  firm,  chestnut-shaped  muscular 
and  glandular  mass  surrounding  the  first  part  of  the  urethra,  having  its  base 
{fades  vesicalis)  directed  upwards,  covered  by  the  bladder.     Its  narrow  end  is 


Fig.  575. — Section  of  vas  deferens,  x  50 — a,  areolar  coat;  1,  longitudinal  muscle;  c,  circular 
nerve  ;  i,  submucous  tissue  under  mucosa,  and  containing  glands. 

turned  downwards  and  a  little  forwards,  and  lies  on  the  subpubic  fascia.  The 
hinder  (largest)  side  {fades  rectalis)  is  smooth  and  flattish,  separated  from  the 
rectum  by  a  prolongation  of  the  recto-vesical  fascia,  but  it  can  easily  be  felt  by 
the  finger  introduced  into  the  rectum  about  6  cm.  above  the  anus.  Its  front 
surface  {fades  pubica)  is  nearly  1  cm.  behind,  and  a  little  below  the  symphysis 
pubis,  usually  marked  by  a  shallow  median  groove,  and  having  the  lower  and 
inner  part  of  the  anterior  true  ligaments  of  the  bladder  attached  to  it.  Its 
sides  are  in  contact  with  the  anterior  edge  of  the  levator  ani  muscle  anteriorly, 
and  with  the  prostatico-vesical  plexus  of  veins  behind. 

Its  largest  diameter  is  transverse  at  the  base,  measuring  3 '5  to  4*5  cm.;  vertically  along 
the  urethra  it  measures  2 '5  to  4  cm.,  sagittally  2*5  cm.     Its  weight  averages  22  grammes, 
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and  its  volume  18  c.cm.  The  urethral  canal  is  6  mm.  front  its  antjerior,  8  mm.  from  its 
posterior  surface,  and  is  3^5  cm.  long  where  it  traverses  the  gland.  The  two  ejaculatory 
ducts  notch  its  upper  and  back  border  as  they  sink  into  it. 

The  normal  prostate  is  a  single  mass,  but  is  sometimes  artificially  divided 
into  three  lobes,  two  lateral  and  one  median  posterior,  the  latter  consisting  of 
that  portion  of  the  gland  which  lies  between  the  ejaculatory  ducts  and  the 
neck  of  the  bladder,  and  whose  projection,  bladderwards,  lies  beneath  the 
mucous  membrane  of  the  uvula  vesicae.  This  portion  (Home's  lobe)  is  the 
commonest  seat  of  senile  enlargement,  in  which  condition  only  is  the  trilob- 
ation  externally  apparent. 

The  outer  sheath  (pelvi-pPOStatic  capsule)  derived  from  the  recto-vesical 
fascia  covers  the  prostate.  Embedded  in  this  fascia  are  those  veins  which  pass 
from  it  to  the  prostatico- vesical  plexus,  among  others  the  lateral  extension  of 
the  dorsal  vein  of  the  penis.  Beneath  these  veins  it  is  possible  by  dissection 
to  expose  the  outer  surface  of  the  organ,  which  appears  invested  by  a  dense  but 
thin  fibrous  coat,  with  difficulty  separable  from  the  overlying  fascia,  and  con- 
tinuous internally  with  the  scanty  interstitial  areolar  tissue.  The  mass  of  the 
prostate  consists  of  unstriped  muscle,  arranged  in  three  rather  indefinite  strata. 
The  outer  series  of  muscle  cells  are  chiefly  disposed  transversely,  the  middle 
are  for  the  most  part  radial,  and  the  innermost  are  circular,  connected  with  the 
circular  fibres  of  the  bladder  behind,  and  with  those  of  the  urethra  in  front, 
and  forming  the  sphincter  vesica:  internus,  to  distinguish  it  from  the  striped 
muscle  envelope  at  the  apex  of  the  prostate,  which  is  called  the  sphincter 
extemus.     The  pre-urethral  isthmus  is  entirely  made  up  of  muscle. 

The  glandular  element  of  the  prostate  amounts  to  about  23  per  cent,  of  the 
whole  mass,  and  consists  of  a  series  of  slightly  branched  tubules,  ending  in 
tubular  alveoli,  which  are  convoluted  in  the  lateral  and  lower  parts,  shorter 
and  wider  in  the  middle  lobe.  These  tubules  are  lined  by  columnar  epithelium, 
with  a  rather  thick  layer  of  intermediate  cells  resting  on  the  basement 
membrane  around  their  attached  ends.  The  glandular  tubules  are  arranged  in 
three  sets  corresponding  to  the  three  lobes  of  the  gland,  separated  by  areas  of 
pure  muscle,  to  which  element  the  uniform  outline  of  the  gland  is  due.  The 
muscular  tissue  is  laxer  towards  the  apex  than  towards  the  base  of  the  gland. 
The  glandular  tubules  unite  into  three  sets  of  ducts,  which  open  into  the  prostatic 
portion  of  the  urethra,  about  eight  or  ten  laterally,  and  about  three  or  four 
from  the  middle  lobe,  nearer  the  middle  line  on  each  side  of  the  colliculus 
seminalis. 

The  arterial  supply  of  the  prostate  is  proportionally  small,  derived  from  the 
inferior  rectal  and  vesical  arteries.  Its  veins  are  large,  and  form  a  frequently 
anastomosing  plexus.  The  lymphatics  also  are  large,  and  communicate  with 
a  lymphatic  gland,  which  lies  in  the  lateral  true  ligament  of  the  bladder. 
The  nerves,  mostly  non-medullated,  come  from  the  hypogastric  plexus,  along  the 
branches  of  the  vesical  artery.  A  few  medullated  fibres  ramify  on  its  surface, 
some  of  which  end  in  Pacinian  corpuscles. 

307.  URETHRA. — By  slitting  up  the  pre-urethral  portion  of  the  prostate, 
the  first  part  of  the  urethral  canal  is  exposed  (fig.  574).  The  whole  tube  is  about 
22  cm.  long,  and  of  composite  origin,  divisible  into  three  stages.  The  first  or 
prostatic  stage  descends  nearly  vertically,  and  corresponds  to  the  posterior 
ventral  part  of  the  urogenital  sinus  of  the  cloaca,  which  receives  the  Wolffian 
and  Mullerian  ducts.  The  second  or  membranous  part  passes  forwards,  piercing 
the  subpubic  fascia  and  the  anterior  layer  of  the  triangular  ligament,  and  the 
third  or  spongy  portion  ascends  through  the  front  of  the  perineum,  and  descends 
in  the  penis  to  the  orifice.  These  two  are  portions  of  the  anterior  region  of 
the  cloaca  closed  into  a  canal   by  a   superficial   median   union  of  the  tegu- 
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mentary  folds  which  formed  the  borders  of  the  cloacal  fissure,  whose  dermis 
is  here  modified  into  an  investment  of  erectile  tissue. 

The  prostatic  portion  is  the  widest  part  of  the  urethra,  broader  in  the 
middle  than  at  either  end,  and  is  crescentic  in  coronal  section.  Its  floor  is 
elevated  into  a  rounded  elongated  ridge,  about  2-2  cm.  long,  the  COlliculus 
Seminalis  {verumontanum,  fig.  574),  the  summit  of  which  is  excavated 
medially  by  a  long  and  variably  deep  pouch,  the  sinus  prOStatlCUS,  formed 
of  the  united  ends  of  the  rudimentary  Mullerian  ducts.  This  pouch  is  about 
1  cm.  deep  and  2  mm.  wide  at  the  mouth,  4  mm.  at  its  fundus,  which  is  often 
bifid,  and  stretches  backwards  nearly  through  the  thickness  of  the  gland. 

On  each  side  of  this  the  two  common  seminal  ducts  open.  These  tubes, 
formed  by  the  junction  of  the  vas  deferens  with  the  duct  of  the  vesicula  on 
each  side,  are  about  2  cm.  long,  very  much  narrower  than  either  of  the  com- 
ponent ducts,  and  very  thin  walled.  They  transverse  the  prostate,  converging 
to  the  sides  of  the  colliculus,  and  open  by  two  fine  slit-like  orifices.  They 
have  no  outer  areolar  coat,  a  very  thin  muscular  wall  of  fibres  becoming 
reticular  towards  the  urethra,  and  the  rugse,  which  are  continued  from  the 
vas  into  the  commencement  of  the  duct,  soon  disappear,  as  do  also  the  mucous 
glands. 

In  the  valleys  on  each  side  of  the  colliculus,  about  14  ducts  of  the  prostatic 
gland  follicles  open,  some  of  them  from  the  so-called  middle  lobe  piercing  the 
sides  of  the  colliculus.     The  colliculus  begins  at  the  orifice  of  the  bladder  as 

the  uvula,  and  ends  below  by  be- 
coming a  low  ridge  (fraenulum 
COllieuli)  that  finally  dies  away  in 
the  membranous  portion.  No  pro- 
static ducts  open  on  the  front  wall  or 
concavity  of  the  crescent  of  the 
urethra.  The  mucous  membrane  of 
the  prostatic  portion  of  the  urethra 
is  longitudinally  folded,  is  lined  by 
transitional  epithelium,  and  has  a 
layer  of  longitudinal  and  one  of 
circular  muscular  fibres  below  its 
corium.  The  prostatic  sinus  is  lined 
by  pavement  epithelium. 

The  second  portion  of  the  urethra 
or  membranous  portion  is  that 
part  which  traverses  the  space  be- 
tween the  levatores  ani,  the  subpubic 
fascia,  and  triangular  ligament,  run- 
ning obliquely  forwards  and  down- 
wards about  2  cm.  under  the  pubes  ; 
it  is  about  17  mm.  long,  but  is  overlapped  for  11  mm.  of  its  lower  surface 
by  the  bulb,  the  portion  of  which  lying  beneath  it  is  the  colliculus  bulbi. 
It  is  the  narrowest  portion  of  the  canal,  and  appears  circular  in  section,  with 
a  stellate  lumen  due  to  the  longitudinal  folding  of  the  mucous  membrane. 
It  is  surrounded  by  the  compressor  urethras  muscle  and  lies  above  and  internal 
to  Cowper's  glands  (fig.  480).  When  distended  so  as  to  obliterate  its  folds 
the  diameter  is  5  mm.  It  has  the  central  perineal  tendinous  point  behind 
it,  and  the  dense  tissues  attached  thereto  separate  it  from  the  rectum. 

Beneath  the  striped  fibres  of  the  compressor  urethral  is  a  thin  layer  of 
erectile  tissue,  under  which  the  mucosa  is  surrounded  by  a  layer  of  circular 
fibres,  continuous  from  the  outer  lamella  of  the  prostatic  musculature ;  still 
deeper  is  a  thin  layer  of  longitudinal  fibres,  and  there  is  some  cavernous  tissue^ 
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in  the  corium  also.  The  epithelium  has  become  stratified  columnar  on  this  part 
of  the  tube. 

The  third  or  spongy  portion  of  the  urethra  is  from  15  to  1 8  cm.  long,  and 
begins  in  front  of  the  triangular  ligament.  This  portion  is  surrounded  by  the 
erectile  tissue  of  the  corpus  spongiosum  urethra?,  which  begins  posteriorly  as  the 
bulb  of  the  urethra  (fig.  571),  coats  the  wall  of  the  tube,  and  ends  in  front  in 
the  glans  penis.  The  bulb  is  imperfectly  divided  into  two  hemispheres  by  a 
superficial  groove,  and  a  membranous  partition  which  here  separates  the  erectile 
tissue  into  two  lateral  masses.  This  tissue  is  similar  to  that  of  the  corpus 
cavernosum  (fig.  139,  p.  81),  but  its  meshwork  of  fibres  is  finer,  its  capsule 
more  elastic,  its  spaces  smaller.  Helicine  arteries  are  numerous  in  the  bulb,  but 
diminish  towards  the  glans  in  which  there  are  few.  The  blood  is  derived  froru 
the  large  arteries  of  the  bulb,  and  still  further  forward  from  the  accessory 
arteries  of  the  corpus  spongiosum  from  the  pudic.  The  veins  from  the  glans  end 
in  the  dorsal  vein  of  the  penis,  those  from  the  bulb  pass  partly  into  the  pudic 
vein,  partly  into  the  prostatic  plexus.    The  nerves  are  from  the  hypogastric  plexus. 

The  erectile  tissue  coats  chiefly  the  underside  of  the  urethra,  which  is  at 
first  a  transverse  slit  in  section  (figs.  490,  491),  becoming  T-shaped,  and  finally 
appearing  as  a  vertical  slit  in  the  glans  towards  the  meatus.  The  lumen  of  the 
tube  is  wide  at  the  bulb,  the  pars  bulbosa  having  a  circumference,  when  un- 
dilated,  of  17  cm.  for  about  1  cm.,  then  becomes  narrower  (i-6  cm.)  to  the  base 
of  the  glans  where  it  widens  into  the  fossa  navicularis,  an  enlargement 
about  2  cm.  long,  directly  before  the  tube  ends  at  the  meatus,  and  with  a 
circumference  of  1*9  cm.  The  orifice  is  a  very  narrow  slit  5  mm.  long,  bounded 
by  two  lateral  lips,  and  is  the  least  dilatable  part  of  the  tube. 

The  mucosa  is  lined  by  a  columnar  stratified  epithelium  as  far  as  the 
beginning  of  the  fossa  navicularis,  where  the  surface  layer  becomes  one  of 
squamous  cells,  with  a  papillose  basement.  Outside  the  corium  is  a  vascular 
erectile  layer,  invested  by  longitudinal  and  circular  fibres,  outside  which  is  the 
tissue  of  the  corpus  spongiosum. 

The  mucosa  is  studded  by  minute  glandular  follicles,  glands  of  Littre,  and 
is  depressed  into  small  pits  or  lacun36,  with  obliquely  valvular  mouths,  which 
are  especially  large  on  the  floor  of  the  bulbous  region.  The  largest  lacuna 
(1.  magna)  is  on  the  upper  surface  of  the  fossa  navicularis,  whose  valve-like 
lower  wall  is  called  the  valve  of  the  fossa  navicularis. 

The  surgical  anatomy  of  the  urethra  is  of  great  importance.  To  permit  of 
the  passage  of  large  instruments  in  lithotrity  it  is  often  necessary  to  slit  the 
orifice,  which  is  very  slightly  dilatable.  In  passing  very  fine  catheters  the 
point  may  become  entangled  in  the  lacuna  magna  or  other  lacuna?,  in  the  sinus 
of  the  bulb,  or  even  in  the  sinus  prostaticus.  Spasmodic  stricture  is  most 
common  in  the  membranous  portion,  organic  stricture  in  the  bulbous  part, 
where  the  submucosa  is  the  most  extensile,  and,  when  the  subject  of  inflam- 
matory action,  is  therefore  more  predisposed  to  undergo  a  greater  amount  of 
tumefaction,  and  to  be  the  subject  of  exudation  than  elsewhere.  In  lateral 
lithotomy  the  surgeon  endeavours  to  make  his  knife  enter  the  membranous  part 
of  the  urethra  behind  the  bulb,  without  wounding  any  of  the  vascular  structures 
of  the  spongy  part  of  the  urethra. 

308.  FEMALE  UROGENITAL  ORGANS.— The  parts  bounding  the  uro- 
genital rima  have  been  already  noticed.  The  internal  parts  to  be  examined  are 
the  vagina,  uterus,  ovaries,  and  the  collateral  structures. 

The  urinary  bladder  of  the  female  is  placed  between  the  vagina  and 
uterus  behind  and  the  pubes  in  front,  but  is  separated  from  the  pubes  below 
by  a  quantity  of  loose  areolar  tissue  and  fat.  When  empty  and  relaxed  it  is 
vertically  pressed  downwards  and  nearly  horizontal,  flattened  by  the  pressure  of 
the  small  intestines ;  during  pregnancy  it  is  pressed  upwards  and  forwards,  and 
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the  peritoneum  stripped  from  its  back.  Its  ligamentous  folds  of  peritoneum  are 
like  those  in  the  male,  but  the  posterior  are  uterovesical  and  very  feebly 
prominent.  The  base  of  the  bladder  rests  on  the  isthmus  and  front  of  the 
neck  of  the  uterus,  and  on  the  upper  quarter  of  the  vagina,  to  which  its  wall  is 
closely  adherent. 

The  urethra  is  about  4  cm.  long,  about  6  mm.  in  diameter,  but  very 
dilatable ;  it  takes  a  curved  course  downwards  and  a  little  forwards,  and  is 
firmly  attached  to  the  anterior  wall  of  the  vagina ;  it  is  widest  at  the  neck 
of  the  bladder,  but  narrower  as  it  passes  through  the  triangular  ligament  and 
between  the  crura  clitoridis,  to  open  at  the  meatus  between  the  nymphse.  There 
is  a  dilatation  on  the  hinder  wall  of  the  canal,  behind  the  meatus  which  is  its 
narrowest  part. 

The  wall  consists  of  (1)  muscular  fibres  continuous  with  those  of  the  bladder,  and  over- 
laid behind  the  triangular  ligament  by  the  compressor  urethrce;  within  this  is  a  whitish 
mucous  membrane,  with  one  median  permanent  longitudinal  fold  and  several  temporary 
rugre,  covered  for  its  upper  half  by  transitional  epithelium,  for  its  lower  by  stratified  squamous 
epithelium,  and  dotted  with  mucous  glands,  especially  near  the  bladder,  where  it  is  soft  and 
thick  ;  the  glands  near  the  orifice  are  thicker  and  in  groups.  Wide  crypts  or  lacuna;  occur 
within  the  orifice. 

Outside  the  mucosa  is  an  elastic  vascular  submucosa  covered  by  an  imperfect  erectile 
lamella.  Its  blood,  nerve,  and  lymph  supply  are  connected  with  those  of  the  vagina.  On 
each  side  of  the  uretha  is  a  very  fine  rudimental  canal,  occasionally  opening  close  to  the 


Fig.  577. — Broad  ligament  seen  from  behind. 

meatus.  These  are  the  canals  of  Gartner,  the  rudiments  of  the  Wolffian  ducts,  but  usually 
impervious.  Minute  tubular  outgrowths  from  these  (Skene's  tubules)  represent  the  vesicular 
seminales. 

The  external  female  organs  have  been  already  examined  (p.  362),  and  should  nowr  be 
revised,  after  which  the  student  should  proceed  to  the  examination  of  the  internal  organs, 
which  may  be  examined  by  the  same  method  as  that  used  in  the  male  to  exhibit  the  bladder. 

309.  THE  UTERUS  lies  behind  the  bladder,  and  from  its  lateral  edge 
there  passes  out  on  each  side  a  peritoneal  fold  (the  broad  ligament),  at  the 
posterior  and  lateral  part  of  which  is  the  female  sex-gland,  the  ovary. 

The  OVary  (tig.  577,  e)  is  an  oval,  flattened,  whitish  body  attached  to  the 
broad  ligament  by  its  anterior  border  (margo  recttis),  where  its  vessels  enter,  and 
along  the  edge  of  which  is  a  white  line,  marking  the  level  at  which  the  pavement 
epithelium  of  the  peritoneum  stops,  and  is  replaced  by  columnar  (germinal) 
epithelium.     It  is  free  on  both  surfaces,  one  of  which  is  the  external,  the  other 
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internal,  and  along  its  hinder  border  (margo  convexus).     It  is  narrower  below 
than  above. 

The  ovary  lies  in  a  pouch  (bursa  OVarica)  at  the  back  of  the  broad 
ligament,  and  is  behind  and  below  the  Fallopian  tube  or  oviduct  which  arches 
over  it.  Its  long  axis  is  oblique,  and  it  lies  a  little  below  the  pelvic  brim, 
often  in  a  parietal  recess  (ovarian  fovea)  on  the  lateral  wall  of  the  pelvis, 
between  the  iliac  arteries  in  front  of  the  sacro-iliac  joint.  The  first  pregnancy 
displaces  these  parts,  and  they  seldom  return  as  they  were.  The  ovary  is 
fixed  to  the  pelvic  wall  by  a  fold  derived  from  the  outer  and  back  part  of  the 
broad  ligament,  the  OVariO-pelvie  fold  (fig.  577,  i),  to  the  uterus  by  a  con- 
nective cord  containing  smooth  muscle,  the  ligament  Of  the  Ovary  (ib.,/), 
and  to  the  extremity  of  the  Fallopian  tube  (ib.,  g)  by  the  infundlbulo-OVaPian 
fimDPia.  On  cutting  off  a  portion  of  the  ovary  it  is  seen  to  consist,  under  the 
columnar  epithelium  (fig.  578,  e),  of  a  fine  connective  tunica  albuginea,  under 
which  is  a  spindle-celled  layer  of  the  zona  papenchymatosa  or  stroma  (ib.,  s), 
whose  elements  are  some- 
what radially  arranged, 
containing  embedded  in 
it  a  number  of  follicles 
from  "02  to  "25  mm.  in  size, 

the    Graafian    follicles 

(ib.,  1,  2,  3),  of  which  the 

largest   are   internal,    but 

grow  towards  the  surface. 

Within  the  ovary  is  a 

central  zona  vaseulosa, 

containing  numerous 
plexiform  vessels,  joined 
together  by  a  little  con- 
nective tissue  and  smooth 
muscle. 

In  the  foetus  at  birth 
the  ovary  is  large  and 
lobulated.  Its  surface  is 
smooth  until  puberty,  after 
which,  owing  to  the 
shedding  of  the  ova,  it 
becomes  scarred. 

The  ovary  of  a  multipara  averages  about  3  cm.  long  by  1*5  by  9  mm.  thick,  but  in  a 
young  woman  it  is  a  little  larger ;  its  weight  is  about  6  grammes ;  its  volume  is  about  4  c.cm. 

In  a  section  of  the  fcetal  ovary,  processes  of  the  germinal  epithelium  can  be  seen  sinking 
iuto  the  stroma.  In  the  ovary  of  an  embryo  of  the  fourth  month  such  pouches  of  the 
epithelium  can  be  seen  indenting  the  underlying  connective  stroma.  These  pouches,  by 
branching,  form  an  epithelial  network  in  the  stroma,  which,  as  the  ovary  grows,  become 
detached  as  nests  of  cells  in  the  organ.     From  each  of  these  nests  a  Graafian  follicle  arises. 

Each  Graafian  follicle  consists  of — (1)  a  tunica  fibrosa  or  the  differentiated 
envelope  derived  from  the  adjacent  part  of  the  stroma,  which  consists  of  fine 
connective  tissue  with  spindle  cells;  (2)  a  very  delicate  structureless  mem- 
brana  pellucida ;  (3)  an  irregular  thick  epithelial  layer  of  columnar  cells,  the 
membrana  granulosa,  which  at  one  part  is  thickened,  forming  the  discus 
proligerus ;  (4)  within  this  is  a  drop  of  clear  liquor  folliculi,  in  which  floats 
a  nucleated  cell,  the  ovum  (fig.  3,  p.  4). 

Rupture  of  a  Graafian  follicle  occurs  at  each  menstrual  period,  and  the  cavity  of  the 
burst  follicle  becomes  rilled  with  an  exudation  of  a  peculiar  reddish-yellow  colour,  becoming 
cicatricial  tissue,  with  a  radial  arrangement  of  its  fibres,  formed  by  the  infiltration  of  the 
stroma  cells  and  the  follicle,  and  their  proliferation  as  a  folded  wall,  COPpus  luteum. 


Fig.  5 78. — Section  of  ovary,  x  30. 


456 


FALLOPIAN    TUBES. 


which  gradually  diminishes  by  the  growth  into  it  of  normal  stroma  cells  after  the  tenth  day, 
but  does  not  disappear  for  about  two  months.  If  the  ovum  become  impregnated  the  corpus 
luteum  is  large,  and  shows  a  trace  of  a  central  cavity  owing  to  the  increased  vascularity  of 
all  the  parts,  and  does  not  disappear  for  about  eight  months.  Some  few  follicles  collapse  and 
shrivel  without  rupture. 

The  smallest  Graafian  follicles  have  their  walls  undifferentiated,  and  consist  simply  of  the 
nests  of  germinal  epithelium  and  the  primitive  ovum.  There  are  about  70,000  in  the  ovaries 
of  a  female  child  at  birth  ;  each  is  at  first  from  x>2  to  "25  mm.  in  diameter.  The  largest 
differ  chiefly  in  the  amount  of  fluid,  and  the  multiplication  of  the  epithelium  of  the  membrana 
granulosa.  Around  each  follicle  is  a  plexus  of  capillary  vessels  converging  towards  the  most 
prominent  part,  the  stigma,  where,  when  the  follicle  is  matured,  it  ruptures. 

The  ovarian  artery,  having  entered  the  broad  ligament,  supplies — 

(1)  Branches  to  the  Fallopian  tube — (a.)  to  the  ampulla  tuba?;  (b. )  to  the  isthmus. 

(2)  Branches  to  the  ovary. 

(3)  Branches  to  the  round  ligament. 

(4)  Branches  to  the  fundus  uteri,  the  largest  branches. 

310.  THE  FALLOPIAN  TUBES  (%  577,  c)  are  the  upper  portions  of  the 
Miillerian  ducts,  and  are  enclosed  in  the  uppermost  edge  of  the  broad  ligament. 


submucous  layer, 
ciliated  epithelium, 
circular  muscular  fibres. 


longitudinal  fibres. 


Fig.  579. — Section  of  a  Fallopian  tube,  x  10. 
Each  tube  begins  in  a  free  fimbriated  extremity  (ib.,  g)  with  deeply  divided 

margins,   one   process   of  which,   the   infundibulo-ovarian   fimbria,    is 

attached  to  the  ovary.  The  aperture  of  the  tube,  ostium  abdominale,  is 
surrounded  by  this  fringe  of  processes,  and  is  connected  with  the  surface  of 
the  ovary  by  a  gutter-like  groove  along  the  border  of  the  attached  fimbria. 
The  tube,  at  first  dilated  into  an  ampulla,  narrows  as  it  passes  inwards 
towards  the  uterus  (b),  and  its  inner  part  or  isthmus  is  sinuously  bent 
backwards  and  attached  to  the  upper  and  outer  angle  of  the  body  of  the 
uterus.  The  entire  tube  is  about  10  cm.  long,  and  its  lumen  is  3  mm.  in 
diameter  at  its  outer  third  at  its  ampulla,  and  1  mm.  in  diameter  at  its 
uterine  opening. 

The  wall  of  the  tube  consists  of  (1)  a  serous  layer  which  at  the  ostium 
abdominale  communicates  with  the  mucous  lining,  the  only  large  opening  in 
any  serous  sac  in  the  body;  (2)  a  subserous  areolar  layer;  (3)  a  layer  of 
unstriped  longitudinal  muscle;  (4)  a  layer  of  circular  muscle;  (5)  a  mucous 
lining,  longitudinally  folded  at  the  ampulla,  irregularly  netted  at  the  isthmus, 
and  continuous  with  the  uterine  mucosa.  It  is  lined  by  columnar  ciliated 
epithelium,  and  similar  cilia  clothe  the  stouter  columnar  cells  on  the  inside  of 
the  fimbria?,  and  even  extend  on  the  squamous  cells  of  the  peritoneum  on  the 
outer  surface.     The  lumen  of  the  isthmus  is  stellate. 
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At  the  fimbriated  extremity,  there  project  one  or  more  stalked  cysts  about 
1-3  mm.  in  diameter,  the  hydatids  of  Morgaglli,  possibly  the  remains  of  the 
terminal  sacs  of  the  Miillerian  duct. 

311.  PAROOPHORON  (fig.  577,  d).—  Between  the  layers  of  the  broad 
ligament  and  in  the  interval  between  the  Fallopian  tube  and  the  ovary  are 
several  fine  tubes  running  nearly  parallel  to  each  other,  and  communicating 
with  a  single  stem-tube  which  runs  nearly  parallel  to  the  Fallopian.  This 
rudimental  organ  is  the  paroophoron  (organ  of  Rosenmuller),  and  its  tubes, 
quite  closed  and  functionless  in  the  adult,  constitute  the  residuum  of  the 
Wolffian  body  in  the  adult  female,  while  the  duct  is  the  Wolffian  duct. 
Vesicular  swellings  sometimes  project  in  the  course  of  this  tube,  and  may 
be  the  seat  of  cystic  enlargement. 

Small  detached  groups  of  tubular  vestiges  are  always  present,  and  sometimes 
are  very  distinct  between  the  paroophoron  and  the  ovary — these  are  called  the 

epoophoron. 

312.  ROUND  LIGAMENT.— From  the  upper  and  anterior  angle  of  the 
uterus  on  each  side  there  passes  a  solid  cord,  the  round  ligament,  composed  of 
areolar  tissue,  unstriped  muscle,  and  blood  vessels.  Each  ligament  is  about  13 
cm.  long,  and  passes  forwards  in  the  broad  ligament  across  the  external  iliac 
vessel  and  behind  the  epigastric  artery,  to  enter  the  internal  abdominal  ring. 
It  descends  in  the  inguinal  canal  to  the  external  ring,  through  which  it  passes 
to  be  lost  in  the  connective  tissues  over  the  pubis. 

It  carries  with  it  into  the  internal  ring  in  the  child  a  tubular  process  of  peritoneum,  the 
process  of  Nuck  ;  which,  however,  is  rarely  traceable  beyond  the  middle  of  the  inguinal  canal, 
aud  usually  disappears  in  the  adult.  It  may,  however,  remain,  and  be  the  seat  of  congenital 
hydrocele  in  the  female.     This  cord  takes  the  course  of  the  spermatic  cord  of  the  male. 

The  uterus  and  all  its  appendages  begin  to  grow  rapidly  at  and  after  the  first  menstrua- 
tion; the  uterine  mucosa  especially  thickens  during  each  menstrual  period,  and  becomes 
engorged,  losing  its  epithelium,  and  often  part  of  its  subepithelial  layer. 

313.  THE  UTERUS  is  the  thickened  confluence  of  the  Miillerian  ducts 
(p.  17  and  fig.  37)  for  the  reception,  nutrition,  and  subsequent  expulsion  of  the 
ftetus.      It    is    a    flattened   pear-shaped, 

muscular  organ  in  the  pelvic  cavity,  con- 
sisting of  a  body  above,  an  isthmus  or     ostium  uterinum 
middle  contracted  portion,  and  a  cervix      of  the  Fallopian 
below.     The  upper  convex  extremity  of  body. 

the  body  (fundus)  is  directed  upwards 
and  a  little  forwards,  and  lies  on  a  plane 
a  little  below  the  pelvic  brim,  in  contact 
with  the  small  intestine.     It  is  usually  ,., ,.,.,, 

pushed  a  little  to  the  right  by  the  sigmoid 
flexure.  The  posterior  surface  of  the  body 
is  convex,  the  anterior  flatfish  ;  both  are  0Si 

covered  by  peritoneum.     The  front  sur- 
face of  the  isthmus  is  in  contact  with  the         Fig.  580. — Coronal  section  of  uterus, 
bladder,  butthe posterior  surface  is  covered 

by  peritoneum.  The  lower  third  of  the  cervix  projects  into  the  cavity  of  the 
vagina  •  the  middle  third  is,  in  front,  attached  to  the  base  of  the  bladder,  but 
posteriorly  projects  into  the  vagina;  the  upper  third  is  supravaginal  and 
covered  by  the  bladder  in  front,  but  covered  by  peritoneum  behind. 

The  peritoneum  is  reflected  from  either  side  of  the  uterus  as  the  broad 
ligament,  which  is  attached  externally  to  the  pelvic  wall.  In  front  of  this  is 
the  utero- vesical  pouch  medially  and  the  para-vesical  pouch  laterally ;  these 
are  separated   by  two  obscure    utero-vesical    folds,   wherein  are  utero-vesical 
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unstriped  muscular  bands,  and  below  these,  and  embedded  in  the  subjacent 
veins,  are  the  ureters.  Behind  the  broad  ligaments  is  the  recto-uterine  cul  de 
sac  (pouch  of  Douglas),  whose  deepest  part  lies  between  two  crescentic  recto- 
uterine folds  of  peritoneum,  which  also  contain  bands  of  unstriped  muscle, 
the  retractores  uteri.  In  the  uppermost  border  of  the  broad  ligament  is  the 
Fallopian  tube.  In  its  anterior  portion  is  the  ligamentum  teres,  and  projecting 
from  it  posteriorly  is  the  ovary  fastened  to  the  uterus  by  the  connective  ligament 
of  the  ovary.  The  fold  of  peritoneum  covering  the  ovary,  and  extending  thence 
to  the  pelvic  wall,  is  the  OVario-pelviC  ligament,  between  which  and  the 
l^est  of  the  broad  ligament  is  the  bursa  OVarica.  The  lower  thicker  part  of 
the  broad  ligament  contains  the  uterine  arteries  and  smooth  muscle. 

The  direction  of  the  uterine  axis  varies  with  the  conditions  of  the  bladder 
and  rectum,  when  both  are  empty  the  fundus  is  directed  forwards  and  upwards, 
the  axis  nearly  coinciding  with  that  of  the  brim  of  the  pelvis. 

On  opening  the  upper  part  of  the  vagina  the  cervix  presents  *  narrow 
transverse  slit,  the  OS  uteri,  whose  anterior  lip  is  thicker,  its  posterior  longer. 
After  pregnancy  the  os  becomes  rounded,  irregular,  and  puckered. 

The  adult  uterus,  before  the  first  pregnancy,  is  about  80  mm.  long  by  36  broad  and  25 
thick  ;  after  successive  pregnancies  it  becomes  about  90  by  58  and  32.  Its  volume  is  in  the 
first  condition  30  c.cm.,  and  in  the  second  60  c.cm.,  and  its  weight  is  respectively  40  and  90 
grammes.  During  pregnancy  the  organ  increases  thirtyfold  in  size  and  weight,  and  its 
musculature  becomes  distinct  and  laminated. 

To  see  the  interior  of  the  uterus  separate  it  from  the  bladder  and  divide  its 
front  wall  a  little  on  one  side  of  the  middle  line  from  fundus  to  os,  and  remove 
a  little  of  the  anterior  wall  so  as  to  open  the  two  cornua  of  the  body.  The 
cavity  is  proportionally  very  small,  triradiate  in  the  virgin,  trigonal  in  the  mul- 
tipara, and  divided  by  the  constriction  of  the  isthmus  (os  internum)  into  the 
cavity  of  the  body  and  that  of  the  cervix.  The  latter  is  spindle-shaped,  lined 
by  a  pale  mucous  membrane,  and  marked  by  a  longitudinal  ridge  along  both  its 
anterior  and  posterior  part,  from  which  there  diverge  a  series  of  irregular 
oblique  ridges,  the  whole  making  the  arbor  vit3B  uterina  (fig.  580),  between 
these  ridges  are  mucous  follicles,  the  giandulSG  NaDOthi,  which  secrete  a 
tough  mucus.  The  vaginal  surface  of  the  cervix  and  the  lower  third  of  its 
cavity  is  lined  with  stratified  epithelium  on  a  papillose  corium.  For  the  rest 
of  the  cervix  the  epithelium  is  ciliated  columnar  on  the  ridges,  simply  columnar 
in  the  furrows. 

The  uterine  mucosa  is  thin,  soft,  reddisb,  smooth  in  the  multipara,  and  closely  adherent, 
its  surface  consists  of  ciliated  columnar  epithelium,  and  is  dotted  with  tubular  follicles, 
sinking  nearly  perpendicularly  from  the  surface.  These  are  lined  for  most  of  their  extent  by 
epithelium,  like  that  of  the  surface,  but  their  alveoli  are  filled  with  irregular  cells.  The 
basement  and  subjacent  layers  consist  of  spindle-shaped  cells  in  a  ground-substance  traversed 
by  fibres,  between  the  meshes  of  which  are  large  lymph  spaces.  The  muscularis  mucosa?  is 
enormously  thick,  and  its  fibres  are  arrauged  circularly  in  the  isthmus  and  in  concentric  rings 
around  the  Fallopian  tubes  at  the  fundus,  becoming  more  irregular  towards  the  middle  of  the 
cavity.  There  is  no  distinct  submucosa  separating  this  from  the  muscular  coat,  which,  with 
the  last  layer,  forms  the  chief  bulk  of  the  uterine  wall.  This,  in  the  unimpregnated 
uterus,  is  inseparable  into  lamella?,  but  consists  of  fibres  '4  mm.  long ;  but  in  the  gravid 
uterus  the  fibres  become  i"i2  long  and  arranged  in  two  strata,  an  outer  of  transverse 
and  oblique  fibres,  and  an  internal  of  irregular  oblique  fibres.  In  old  age  all  parts  become 
atrophied. 

The  vagina  is  a  membranous  passage  beginning  within  the  nymphae  or 
labia  minora,  and  ending  above  by  embracing  the  cervix  uteri.  It  is  widest 
medially  and  narrows  to  each  end.  Its  axis  is  curved  upwards  and  backwards, 
nearly  parallel  to  the  conjugate  axis  of  the  pelvic  brim,  and  forms  an  angle  of 
70°  with  the  horizon.  Its  walls  lie  in  contact,  one  anterior,  6*5  cm.  long,  and  one 
posterior,  9  cm.  long.     Each  forms  around  the  cervix  uteri  an  anterior  and 
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posterior  fornix  vaginae.  These  walls  are  broader  above  than  below,  and 
present  a  rough  inner  surface,  the  anterior  wall  being  transversely  rugous ; 
the  rugae  diverging  from  a  central  ridge,  carina  Vagin8B,  and  the  posterior 
having  two  vertical  COlumnSB  rugarum  and  many  transverse  rough  lines. 

In  structure  the  vagina  consists  of  a  stratified  scaly  epithelium,  a  dense 
corium,  with  many  papillae  and  glands,  a  vascular  erectile  lamina,  with  many 
venous  plexuses,  a  layer  of  unstriped  circular  muscle  and  one  of  longitudinal 
unstriped  muscle,  and  a  dense  outer  areolar  layer.  Outside  this  is  the  striped 
sphincter  vaginae,  at  the  vulval  end  of  the  passage  only,  not  extending  beyond 
the  triangular  ligament. 

The  lymphatics  of  the  vulval  end  of  the  vagina  communicate  with  the 
inguinal  glands  ;  the  uterine  mucosa  is  like  a  great  lymphatic  follicle,  and  in  its 
deep  layer  the  many  lymph  spaces  communicate  with  lymphatics,  which  end  in 
the  lateral  uterine  glands  in  the  broad  ligaments.  There  are  very  few  lymph 
spaces  in  the  muscular  wall,  but  there  are  lymph  sheaths  around  the  vessels. 
The  lymphatics  of  the  cervix  uteri  pass  to  pelvic  glands  close  to  the  internal 
iliac  artery. 

The  very  free  arrangement  of  lymph  spaces  in  both  uterus  and  Aagina  explains 
the  rapid  absorption  of  septic  matter  from  the  uterine  and  vaginal  surfaces. 

314.  DEEP  STRUCTURES  ON  THE  HINDER  WALL  OF  THE  ABDO- 
MEN.— The  suprarenal  bodies  are  two  flattened,  yellowish-brown  organs, 
surrounded  by  a  loose  areolar  and  fatty  layer,  and  in  contact  with  the  upper 
and  inner  margins  of  the  kidneys.  The  right  is  triangular,  with  rounded 
angles,  averages  4/5  cm.  long  by  24.  cm.  broad,  and  lies  behind  the  liver,  which 
it  compresses;  the  left  is  somewhat  crescentic,  about  5  cm.  long  by  2*5  broad, 
and  lies  behind  the  pancreas  and  spleen  (fig.  546). 

The  upper  edge  of  each  is  thin,  and  projects  forwards  and  inwards ;  the 
lower  is  concave,  thicker,  deeply  indented  along  a  line,  the  hilum,  where  the 
vessels  enter  and  leave.  The  arteries  are  three — a  superior  from  the  phrenic 
(p.  421),  a  middle  from  the  aorta  (p.  423),  and  an  inferior  from  the  renal 
(p.  423).  There  is  one  suprarenal  vein  on  each  side,  the  right  ending  in  the 
vena  cava,  the  left  in  the  left  renal.  Lymphatics  are  very  numerous,  and  join 
those  from  the  upper  part  of  the  kidney.  The  nerves  are  also  abundant,  and 
are  branches  from  the  aortico-renal  and  semilunar  ganglia. 

On  the  right  a  few  branches  pass  from  the  phrenic  ganglion,  but  I  have  failed  to  find  any 
filaments  from  either  the  phrenic  or  vagus  nerve  in  either  body. 

The  body  varies  in  bulk  at  different  ages.  It  weighs  about  19  grammes  in  the  adolescent 
ftnd  young  adult,  diminishing  to  14  grammes  in  middle  life,  and  atrophying  with  old  age. 

The  suprarenal  body  consists  of  two  strata — a  cortical,  or  outer,  which  is 
thick,  yellow-brown,  and  striated ;  and  a  medullary,  or  inner,  which  is  soft, 
thinner,  deep  brown.  The  body  is  invested  by  a  firm,  inelastic  capsule,  which 
sends  in  processes,  trabecule,  through  the  cortical  layer.  These  unite  into 
an  imperfect  limiting"  layer  of  loose  areolar  tissue  between  the  cortical  and 
medullary  layers. 

The  trabecular  form  meshes  which  vary  in  shape  at  different  depths.  Near  the  surface 
the  meshes  are  polygonal,  and  are  filled  up  with  granular  cells  like  gland-cells.  This  portion 
is  called  the  zona  glomePUlOSa;  beneath  it  is  a  thicker  zona  fascieulata,  in  which  the 
meshes  are  elongated,  and  whose  radiating  outer  spaces  are  filled  with  clear,  oil-globule- 
holding  cells.  The  inner  stratum  is  the  zona  reticularis,  and  contains  in  its  meshes 
pigmented  cells.  These  zones  differ  chiefly  in  the  disposition  of  the  trabecular,  and  are  not 
marked  off  from  each  other  by  hard  and  fast  lines. 

The  medullary  matter  consists  of  irregular  brownish  cells,  with  no  oil  globules,  arranged 
in  a  much  finer  trabecular  network,  in  which  also  are  distributed  very  many  nerve  filaments 
with  bi-  and  multi-polar  ganglion  cells.  The  arteries  which  enter  the  cortical  layer  end  in 
venous  capillaries  in  the  medullary  substance  within  which  the  suprarenal  vein  originates. 
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There  is  a  layer   of  longitudinal   smooth   muscle  cells   on  each  venous  radicle,   continued 
outwards  on  the  suprarenal  vein. 

In  development  the  suprarenal  body  is  twofold.  The  medullary  matter  is  an  outgrowth  of 
the  abdominal  system  of  sympathetic  ganglia,  around  which  the  cortical  matter  originates  by 
a  rapid  growth  and  thickening  of  the  sub-peritoneal  tissue  around  the  segmental  tubes  of  the 
metanephros.  This  modification  is  probably  due  to  the  taking  on,  by  this  part  of  the 
Wolffian  body,  of  some  secondary  function,  or  the  loss  of  its  secreting  function.  What  that 
secondary  function  is  we  do  not  as  yet  know.  Its  structure  and  development  show  that  it 
must  have  some  connection  with  the  sympathetic  system,  while  the  fact  that  pigments  in 
different  conditions  of  degeneration  occur  in  the  cortical  and  in  the  medullary  matter  seem 
to  indicate  that  the  organ  takes  some  part  in  the  destructive  decomposition  of  pigment 
matters. 

Abdominal  Sympathetic  System. — On  removing  the  viscera  from  the 
deep  wall  of  the  abdomen  two  series  of  sympathetic  nerves  are  exposed — the 
system  of  the  great  splanchnic  nerve  and  the  lumbar  chain  of  ganglia. 

The  great  splanchnic  nerves,  whose  origins  have  been  already  seen 
(p.  35  2 ),  escape  through  special  openings  in  the  diaphragm  beside  the  crura. 
Each  nerve  passes  inwards  and  a  little  forwards  across  the  adjoining  cms,  the 
right  lying  behind  the  inferior  vena  cava,  and  the  left  behind  the  pancreas. 
Each  nerve  ends  in  a  large  cluster  of  united  ganglia  of  irregular  shape,  which  is 
called  collectively  the  semilunar  ganglion.  Each  of  these  lies  internal  to 
the  line  of  the  splanchnic  nerves,  the  right  on  the  right  crus,  the  left  on  the 
left  side  of  the  aorta,  and  they  are  united  by  thick  branches  around  the  coeliac 
artery,  so  making  a  great  central  COBliaC  or  solar  plexUS  which  extends  from 
one  suprarenal  body  to  the  other  across  the  aorta,  inextricably  interwoven  with 
the  coeliac  lymphatic  vessels  and  glands. 

From  the  margins  of  this  plexus  branches  stream  in  various  directions. 
These  form  two  series,  those  from  the  concavity  of  the  plexus  which  surround 
and  accompany  the  branches  of  the  coeliac  artery,  and  those  from  the  convexity. 
The  former  are  in  three  groups — 

1.  The  g'astric  plexus  accompanies  the  gastric  artery  around  the  lesser 
curvature  of  the  stomach,  and  its  branches  freely  communicate  with  the  gastric 
plexus  formed  by  the  two  vagi.  Minute  ganglia  lie  here  and  there  in  the  meshes 
of  this  plexus  along  the  trunk  artery;  the  branches  passing  off  from  this  plexus 
form  the  chief  part  of  the  minute  plexuses  in  the  gastric  wall. 

2.  The  hepatic  plexus,  much  larger,  consists  of  thi*ee  sets  of  large,  often 
uniting,  clusters  of  nerves  which  accompany  the  hepatic  artery. 

While  it  is  in  the  right  pancreatico-gastric  fold  it  gives  off — (a. )  a  small  plexus  around 
the  common  bile  duct;  (6.)  a  similar  series  around  the  vena  porta?,  in  the  foetus  sending 
branches  around  the  ductus  venosus  and  umbilical  vein. 

In  the  lesser  omentum  it  is  joined  by  a  branch  of  the  right  vagus,  and  sends  off — (c. )  the 
superior  right  gastric  plexus,  around  the  superior  pyloric  artery.  This  joins  the  gastric 
plexus,  and  receives  branches  from  the  left  vagus  ;  (d.)  an  inferior  right  gastric  plexus 
descends  on  the  gastro-duodenal  artery  and  along  the  right  gastro-epiploic,  giving  off  both 
gastric  and  omental  branches ;  (e. )  the  pancreatico-duodenal  plexus  accompanies  the  last, 
and  is  distributed  along  the  pancreatico-duodenal  artery.  Its  branches  form  Auerbach's  and 
Meissner's  plexuses  in  the  duodenum,  and  also  form  a  plexus  in  the  coats  of  the  pancreatic 
duct,  and  accompany  the  small  vessels  into  the  head  of  the  pancreas  (/. ).  The  terminal 
hepatic  filaments  chiefly  accompany  the  branches  of  the  hepatic  artery  into  the  liver. 

The  nerves  of  the  gall-bladder  are  twofold— one  set  derived  from  the  series  /.  accompanies 
the  cystic  artery ;  another  set,  more  numerous,  from  a.  accompanies  the  duct.  These  latter 
form  an  Auerbach's  plexus  in  the  wall,  between  whose  branchings  there  are  ganglion  cells 
for  a  little  more  than  the  half  of  the  sac  nearest  to  the  fundus,  but  none  near  to  the  neck. 

3.  The  splenic  plexus,  still  larger  than  the  hepatic,  consists  of  two  closely 
united  series  of  branches,  which  accompany  the  splenic  artery  leftward.  This 
sends  off  (a.)  pancreatic  branches  to  the  body  of  the  gland;  (6.)  the  inferior  left 
gastric  plexus,  along  the  left  gastro-epiploic  artery;  and  (c.)  a  terminal  plexus, 
which  follow  the  arteries  in  their  divisions  in  the  spleen,  even  to  their  smallest 
branches. 
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With  these  there  are  few,  if  any,  ganglion  cells.  On  the  splenic  plexus  there  are,  in 
man,  a  few  Pacinian  corpuscles,  especially  along  the  back  of  the  pancreas. 

The  branches  from  the  convexity  of  the  coeliac  plexus  are  fourfold. 

4.  The  mesenteric  plexus  is  a  large,  single  off-shoot  from  the  under 
border  plexus  accompanying  the  superior  mesenteric  artery.  The  ultimate 
branchings  are  threefold — (a.)  inferior  pancreatico-duodenal;  (b.)  colic,  to  the 
transverse  and  ascending  colon ;  and  (c.)  intestinal,  which  form  networks  in  the 
mesentery,  dividing  on  the  intestine  into  two  series — one  whose  fibres  pierce 
into  the  muscular  coat  forming  the  plexus  Of  Auerbaeh  (p.  404),  and  the 
other  accompanying  the  vessels  closely  into  the  submucous  tissue,  and  forming 
therein  the  plexus  Of  MeiSSner.  For  the  supply  of  the  vessels,  of  the 
muscularis  mucosa?,  and  of  the  glands,  branches  pass  from  this  plexus  to  the- 
villi,  in  which  they  end  in  two  series,  superficial  and  deep. 

5.  The  phrenic  plexus  is  a  paired,  but  unsy  in  metrical  set  of  nerves.  The 
right  chiefly  arises  from  the  right  semilunar  ganglia,  accompanies  the  right 
phrenic  artery,  and  is  joined  by  a  branch  of  the  right  phrenic  artery,  a  small 
phrenic  ganglion  marking  the  point  of  junction.  The  left  is  smaller,  has  no 
ganglion,  and  seldom  has  a  large  junction  with  the  left  phrenic  nerves, 
although  there  are  always  unions  of  small  filaments  detectible. 

6.  The  suprarenal  plexus.  About  30  parallel  white  fibres  pass  into  each 
suprarenal  body  arising  from  a  long  space  of  the  circumference  of  the  ganglion. 
They  are  almost  all  medullated  and  distinct ;  most  of  them  do  not  accompany 
the  arteries.  Their  endings  are  unknown,  bur  there  are  many  ganglion  cells  in 
each  body. 

7.  The  renal  plexus  is  a  large  off-set  from  the  semilunar  ganglion,  directed 
downwards  and  outwards  towards  the  renal  artery.  It  is  joined  by  the  lesser 
and  least  splanchnic  nerves  (p.  352),  and  enlarges  into  an  irregular  ganglion, 
the  aortiCO-renal  ganglion,  which  lies  above  and  internal  to  the  renal  artery 
and  sends  off  a  large  number  of  branches  which  stream  over  the  root  of  the 
renal  artery,  join  descending  lateral  branches  from  the  coeliac  plexus  and  from 
the  upper  part  of  the  aortic  plexus.  The  renal  branches,  which  are  numerous, 
gelatinous,  and  grey,  with  many  ganglion  cells,  enter  the  kidney  at  the  hilum 
and  end  on  the  vessels  in  the  kidney. 

Two  offshoots  pass  down  from  the  renal  plexus — one,  the  ureteric,  descends 
behind  the  renal  artery  and  forms  a  plexus  with  ganglion  cells  in  its  meshes  in 
the  coats  of  the  ureter;  the  second,  the  spermatic  plexus,  descends  from 
behind  the  renal  to  the  spermatic  artery  and  accompanies  that  vessel  to  the 
testis  in  the  male,  to  the  ovary  in  the  female ;  the  former  plexus  sends  off 
vascular,  epididynial,  and  glandular  branches ;  the  latter,  ovarian,  tubal,  and 
uterine. 

The  Lumbo-saeral  Chain  of  Ganglia.— The  cord  of  the  sympathetic, 

descending  from  the  twelfth  dorsal  ganglion,  passes  through  a  fissure,  close  to 
the  inner  border  of  the  inner  arcuate  ligament,  and  joins  a  first  lumbar  ganglion 
on  the  first  lumbar  vertebra.  There  are  usually  four  small  elongated  ganglia 
(sometimes  five)  lying  on  the  vertebral  bodies  internal  to  the  psoas,  and  joined 
by  long  rami  communicantes  to  their  nerves.  The  last  lumbar  ganglion  is 
behind  the  common  iliac  arteries,  and  from  it  the  sympathetic  cord  descends  on 
the  front  of  the  sacrum,  internal  to  the  sacral  foramina,  and  there  makes  four 
ganglia.  These  sacral  cords  of  the  two  sides  approximate  as  they  descend,  and 
the  inferior  cord  of  the  last  joins  its  neighbour  in  a  small  central  coccygeal 
ganglion  (ganglion  impar)  in  about  60  per  cent,  of  cases. 

From  these  ganglia  there  pass  off — (1)  internal  branches  to  the  aortic  plexus, 
arising  from  the  three  upper  lumbar  ganglia.  These  join  the  branches  descend- 
ing from  the  renal  and  cceliac  plexuses,  and  along  each  side  of  the  aorta  make  a 
thick  plexus,  interwoven  especially  on   the   left  with   lumbar  lymphatics,  and 
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sending  off  branches  to  the  aorta  and  its  parietal  branches,  and  on  the  left  side 
a  large  inferior  mesenteric  plexus,  in  which,  beneath  the  artery,  there  is 

usually  an  irregularly  elongated  inferior    mesenteric    ganglion.     The 

branches  of  this  plexus  supply  the  large  intestine  below  the  splenic  flexure. 

At  the  bifurcation  of  the  aorta  the  aortic  plexuses  of  each  side  are  united 
medially  in  front  of  the  aorta,  the  lateral  branches  streaming  downwards  and 
inwards  across  the  common  iliac  arteries.  These  unite  in  front  of  the  lower 
part  of  the  aorta,  and  below  it  on  the  promontory  of  the  sacrum,  to  form  a 
hypogastric  plexus.  This  begins  about  1  cm.  below  the  inferior  mesenteric 
artery,  and  it  is  joined,  as  it  descends,  by  branches  from  the  last  lumbar  and 
sacral  ganglia.  It  sends  off  vasomotor  nerves  to  the  iliac  arteries,  a  small 
central  plexus  around  the  middle  sacral,  and  divides  below  into  two  lateral 
closely-woven  plexiform  bands,  the  inferior  hypogastric  plexuses,  from  which 
arise — (1)  the  rectal  plexus  to  the  wall  of  that  gut,  along  the  rectal  arteries; 
(2)  the  inferior  ureteric,  arising  high  up  from  this  plexus,  and  sending  ascending 
and  descending  branches  on  this  tube  ;  (3)  the  vesical  plexus,  which  accompanies 
the  vesical  arteries,  consisting  of  fibres  chiefly  from  the  third  and  fourth  sacral 
nerves.  These  nerves  form  a  large  plexus  in  the  muscular  coat  of  the  bladder, 
and  send  numerous  filaments  to  the  mucosa,  especially  that  of  the  trigone. 

4.  The  deferentio-prostatic  plexus  passes  forwards  between  the  rectum  and 
the  bladder,  and  divides  into  numerous  branches ;  one  of  these  ascends  on  the 
vas  deferens  to  the  deep  abdominal  ring,  communicating  with  the  spermatic 
plexus  there,  others  descend  to  the  walls  of  the  seminal  vesicles  and  to  the 
prostate.  The  filaments  to  the  latter  organ  occasionally  unite  in  a  prostatic 
ganglion  behind  the  edge  of  the  levator  ani.  The  branches  of  this  series 
usually  come  from  the  third  and  fourth  sacral  nerves. 

The  front  of  the  plexus  prostaticus  is  continued  along  the  corpora  cavernosa 
as  the  plexus  cavernosus,  and  contains  the  nervi  erigentes  from  the  second 
sacral.  The  plexus  on  each  side  divides  into  two ;  a  cavernous,  the  smaller,  to 
the  corpora  cavernosa,  and  a  urethral  to  the  corpus  spongiosum,  the  latter  being 
the  larger.     The  nervi  ejaculantes  arise  probably  on  a  higher  level. 

In  the  female  there  are  two  utero- vaginal  plexuses,  an  anterior  and  a 
posterior,  in  the  walls  of  the  uterus,  forming  minute  ganglia  in  the  substance 
of  the  organ  ;  one  of  these  is  large,  and  placed  on  the  neck  of  the  uterus, 
forming  the  cervical  uterine  ganglion.  The  utei'ine  nerves  increase  in  size  and 
number  during  pregnancy.  The  nervi  parturientes  probably  arise  from  branches 
of  the  upper  lumbar  nerves.  The  exact  limitation  of  these  special  groups  of 
nerves  in  the  human  nervous  system  has,  however,  not  been  defined  with 
precision. 

Dissection. — Remove  the  peritoneum  and  areolar  tissue  from  the  inferior  surface  of  the 
diaphragm,  leaving  the  vessels  and  nerves  on  the  muscle.  If  the  thorax  have  been  dissected, 
remove  the  pleura  from  the  upper  surface  of  the  diaphragm. 

The  diaphragm  (fig.  581,  8)  is  the  partition  between  the  abdomen  and 
the  thorax,  and  consists  of  two  parts,  a  central  tendon  and  a  circumferential 
muscular  part.  The  latter  arises  by  fleshy  or  short  tendinous  fibres — (a.)  from 
the  hinder  surface  of  the  metasternum  (fig.  421,  7);  (b.)  from  the  lower  half  of 
the  cartilage  of  the  seventh  rib,  and  from  the  entire  lower  borders  of  the 
cartilages  of  all  the  false  ribs  (ib.,  8);  (c.)  from  the  upper  surface  of  a  strength- 
ened fibi'ous  band  of  the  fascia  covering  the  quadratics  lumborum.  When  this 
band  is  detached  from  the  weaker  lower  part  of  the  fascia  it  appears  as  an  arch, 
and  so  is  called  ligamentum  arcuatum  externum.  When  thus  separated 
the  arch  is  attached  to  the  twelfth  rib,  and  to  the  costal  process  of  the  first 
lumbar  vertebra,  (d.)  Fibres  also  arise  from  the  upper  surface  of  a  similar  arch 
formed  by  a  strengthened  area  of  the  fascia  covering  the  psoas  (ligamentum 
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aPCliatum  internum).  This  arch  passes  from  the  costal  process  of  the  first 
lumbar  to  the  body  of  the  second  lumbar  vertebra,  (e.)  Two  unsymmetrical 
origins  spring  from  the  bodies  of  the  lumbar  vertebrae.  These  are  called  the 
two  crura.  The  right  crus  arises  tendinously  from  the  anterior  surface  of  the 
three  upper  lumbar  vertebra?,  the  left  from  the  two  upper,  and  both  are  insepar- 
ably connected  with  the  anterior  common  vertebral  ligament. 


Fig.  581. — Deep  muscles  of  abdomen — 1,  twelfth  rib;  2,  iliac  crest;  3,  diaphragm;  4,  trans - 
versalis;  5,  quadratus  lumborum;  6,  psoas  magnus;  7,  iliacus;  8,  peritoneum;  9,  right 
kidney;  10,  ureter;  11,  suprarenal  capsule;  12,  aorta;  IS,  right  common  iliac;  14,  left 
ditto ;  15,  inferior  vena  cava ;  16,  left  renal  vein  ;  17  and  IS,  spermatic  veins ;  19, 
external  cutaneous  nerve  ;  20,  sympathetic ;  21,  rectum  ;  22,  bladder. 

From  all  these  origins  the  fibres  pass  inwards  to  be  inserted  into  the  cir- 
cumferential margin  of  the  central  or  cordiform  tendon.  This  is  a  strong,  thin, 
glistening  tendon,  whose  fibres  cross  in  various  ways,  and  it  is  divisible  into 
three  lobes  or  leaflets ;  of  these  the  middle  underlies  the  heart,  the  right  or 
largest  leaflet  lies  to  the  right,  and  the  left  or  smallest  to  the  left  side. 
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The  middle  leaflet  receives  the  two  lateral  metasternal  bands,  which  are 
separated  by  a  median  linear  interval.  It  also  receives  the  fibres  from  the 
cartilages  of  the  seventh  and  eighth  ribs,  from  the  last  especially  on  the  left 
side.  The  fibres  from  the  other  ribs  and  from  the  ligamenta  arcuata  pass  into 
the  peripheral  edges  of  the  right  and  left  leaflets.  The  fibres  of  the  right  cms 
ascend  to  the  right  of  the  aorta,  and  then  divide  into  two  bundles,  one  of  which 
passes  in  front  of  the  aorta  to  the  left  of  the  oesophagus,  and  is  inserted  into  the 
back  and  left  side  of  the  middle  leaflet.  The  other  keeps  to  the  right  of  the 
oesophagus,  and  is  inserted  into  the  right  side  of  the  middle  leaflet,  and  into 
the  hinder  and  left  end  of  the  right  leaflet  of  the  tendon. 

The  fibres  of  the  left  crus  pass  for  the  most  part  to  the  left  of  the  aortic  and 
of  the  oesophageal  openings,  but  a  few  pass  to  the  right  of  that  opening,  lying 
between  the  aorta  and  the  oesophagus. 

The  two  crura  are  united  across  the  aorta  by  a  tendinous  arch,  the  liga- 
mentum  arcuatum  medium.  From  the  convexity  of  this  arch  fibres  arise 
which  pass  chiefly  to  the  right  of  the  oesophagus  and  the  hinder  border  of  the 
middle  leaflet  of  the  tendon. 

The  lower  surface  of  the  diaphragm  is  deeply  convex,  and  is  moulded  upon 
the  \ipper  surface  of  the  viscera,  chiefly  the  liver  to  the  right,  the  stomach 
intermediately,  and  the  spleen  to  the  left.  The  right  portion  rises  higher  than 
the  left,  and  both  than  the  middle  portion.  In  close  contact  with  the  middle 
leaflet  is  the  pericardium,  enclosing  the  heart,  which  causes  its  slight  de- 
pression. The  other  portions  of  the  upper  surface  are  covered  by  the  pleurae 
and  lungs. 

The  height  to  which  the  dome  of  the  diaphragm  rises  varies  with  the 
condition  of  the  organs;  in  general,  after  death -the  top  of  the  right  portion 
of  the  dome  rises  to  the  level  of  a  horizontal  line  drawn  from  the  lower  border 
of  the  cartilage  of  the  fourth  rib  in  the  parasternal  line  to  the  upper  edge  of  the 
body  of  the  ninth  dorsal  vertebra;  the  left  portion  to  the  level  of  a  similar 
line  drawn  from  the  upper  edge  of  the  fifth  rib  to  the  lower  border  of  the 
ninth  vertebra.  The  middle  portion  lies  on  the  plane  of  a  line,  joining  the 
upper  part  of  the  back  of  the  metasternum  and  the  body  of  the  tenth  dorsal 
vertebra. 

During  life  these  levels  are  changed  during  inspiration,  the  right  dome 
being  depressed  to  the  plane  of  the  lower  border  of  the  fifth  cartilage,  de- 
scending through  nearly  2  cm.,  and  the  left  to  that  of  the  upper  edge  of  the 
sixth,  descending  through  2*5  cm.  The  middle  portion  descends  through  about 
1  cm.  Distension  of  ^  the  stomach  or  colon  can  also  alter  the  level  of  the 
muscle,  pressing  it  up  appreciably.  The  longest  fleshy  fibres  are  those  from 
the  eighth  ribs.     The  shortest  are  those  from  the  sternum. 

The  diaphragm  presents  several  openings — 

1.  The  aOPtic  Opening"  is  situated  in  the  median  line,  and  is  bounded 
laterally  by  the  crura,  in  front  by  the  middle  arcuate  ligament,  and  behind  by 
the  anterior  common  vertebral  ligament,  which  here  is  inseparable  from  the 
edge  of  the  left  crus.  Through  this  opening  passes  the  aorta,  with  the  vena 
azygos  to  its  right,  and  the  thoracic  duct  between  these  vessels.  The  opening 
is  on  the  level  of  the  twelfth  dorsal  vertebra,  and  its  level  and  dimensions 
are  unaltered  during  the  action  of  the  muscle. 

2.  The  (BSOphag'eal  Opening"  is  an  oval  hole,  bounded  on  each  side  by  the 
fleshy  fasciculi  passing  from  the  crura  to  the  central  tendon,  the  left  fascicle 
of  the  right  crus  lying  to  its  left  side,  and  the  fibres  arising  from  the  middle 
arcuate  ligament  lying  to  its  right.  When  all  the  surrounding  connective 
tissues  are  removed  this  opening  appears  as  a  lanceolate  slit.  Through  it  pass 
the  oesophagus  and  the  two  vagus  nerves,  together  with  descending  oesophageal 
branches  of  the  thoracic  aorta,  which  anastomose  with  oesophageal  branches  of  the 
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gastric  artery.  This  opening  lies  in  front  and  a  little  to  the  left  of  the  aortic  ; 
it  is  on  the  level  of  the  tenth  dorsal  vertebra,  and  may  be  displaced  upwards 
or  downwards  through  about  1  cm.  between  the  extreme  positions  of  the 
diaphragm.  Being  muscular,  it  may  vary  in  diameter  and,  when  contracted, 
its  margins  constrict  the  oesophagus,  which  is  only  united  to  the  borders  of  the 
opening  by  lax  areolar  tissue. 

3.  The  caval  Opening",  on  the  other  hand,  is  an  aperture  with  a  tendinous 
border,  which  is  inseparably  tied  to  the  adventitious  coat  of  the  inferior  vena 
cava.  It  is  a  round  opening  placed  between  the  right  and  middle  leaflets  of 
the  central  tendon,  nearly  at  the  highest  level  of  the  diaphragm,  opposite  the 
ninth  dorsal  vertebra.  It  is  on  a  plane  anterior  to  the  others,  and  varies  a 
little  (about  6  mm.)  in  level  with  respiration.  Besides  these  three  large  open- 
ings there  are  the  following  smaller  perforations  : — 

4.  The  COStO-xiphoid  Space  on  each  side  is  situated  between  the  meta- 
sternal  and  the  seventh  costal  slip.  This  is  a  very  small  triangular  slit 
transmitting  the  superior  epigastric  branch  of  the  internal  mammary  artery, 
and  the  ascending  lymphatics  from  the  abdominal  wall,  which  here  enter  the 
anterior  mediastinum. 

5.  The  opening's  for  the  great  splanchnic  nerves  are  tubular  perfor- 
ations in  the  crura,  one  on  each  side. 

6.  The  opening"  for  the  hemiazyg*OUS  vein  ascends  through  the  outer 
edge  of  the  left  crus. 

Posterior  to  the  diaphragm  and  behind  the  inner  arcuate  ligament,  the 
psoas  muscle  and  the  cord  of  the  sympathetic  descend,  sometimes  the  latter 
passes  through  an  independent  opening,  and  may  have  with  it  the  lesser 
splanchnic  nerve,  otherwise  this  nerve  passes  through  a  separate  tunnel  in  the 
crus.  Beneath  the  outer  arcuate  ligament  the  quadratics  lumborum  and  the 
subcostal  nerve  descend. 

The  diaphragm  is  supplied  by  the  phrenic  nerve,  mainly  from  the  fourth 
cervical,  small  filaments  pass  into  it  from  the  five  lower  intercostal  nerves  and 
from  the  phrenic  ganglion  of  the  sympathetic.  Its  blood  supply  is  chiefly  from 
the  phrenic  branches  of  the  abdominal  aorta  and  the  phrenic  branches  of  the 
internal  mammary,  supplemented  by  small  branches  from  the  five  lower  inter- 
costal arteries. 

The  diaphragm  enlarges  the  thorax  in  inspiration  partly  by  the  small  descent  of  the  flat 
tendinous  areas,  but  chiefly  by  the  rectification  of  the  curves  of  its  fleshy  fascicles.  These  not 
only  thus  enlarge  the  costo -phrenic  interspace,  but  acting  from  the  central  tendon  which  is 
forcibly  pressed  against  the  but-little-compressible  abdominal  viscera,  they  also  serve  to 
elevate  the  lower  ribs  and  so  to  expand  the  inferior  aperture  of  the  thorax. 

The  diaphragm  is  primarily  a  ventro-mesodseal  muscle  developed  in  the  plane  of  embryonic 
tissue  which  invests  the  mesodaeum  and  which  lies  behind  the  heart.  This  plane  of  tissue,  a 
derivative  of  the  septum  transversum,  contains  in  it  the  great  venous  trunks  passing  to  the 
auricle,  the  ducts  of  Cuvier,  and  in  its  lower  surface  the  liver  is  developed.  When  muscular 
tissue  first  appears  in  it,  it  has  become  altered  in  position,  but,  primarily,  when  the  heart  is 
placed  below  the  visceral  arches,  and  when  the  lungs  are  first  apparent  as  saccular  outgrowths 
from  the  cervical  end  of  the  mesodseum,  it  is  placed  near  the  cervical  flexure. 

With  the  descent  of  the  heart  and  the  downward  expansion  of  the  lungs  the  septum 
transversum  is  forced  downwards,  and  when,  at  an  early  period,  muscular  tissue  developes  in 
it,  this  is  also  carried  downwards,  causing  its  nerve,  which  originally  passed  forwards  in  front 
of  the  great  vessels,  to  become  elongated  downwards.  In  its  descent  it  extends  from  before 
backwards  on  each  side  until  it  occupies  the  inner  face  of  all  the  bones  which  bound  the  lower 
boundary  of  the  thorax.  As  the  modification  of  the  great  venous  confluence  of  the  saccus 
venosus  (p.  81)  carries  thoraxwards  a  portion  of  the  septum  transversum,  the  connective  tissues 
below  the  saccus  become  firmly  organised  into  a  tendinous  plane,  which  thus  fills  the  gap 
caused  by  this  upward  displacement  and  constitutes  the  central  tendon.  A  trace  of  its 
primitive  cervical  origin  survives  in  the  persistence  of  its  cervical  innervation.  The  latest 
portion  to  develope  is  consequently  the  vertebral  portion,  and  the  aortic  opening  is  the 
remains  of  the  original  post  diaphragmatic  space.  . 

The  average  male  adult  diaphragm  weighs  150  grammes  and  is  147*8  c.cm.  in  volume. 
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It  presents  on  its  abdominal  side  a  surface  of  a  little  over  iooo  sq.  cm.;  being  the  one- 
fifth  part  of  the  surface  of  the  collective  mass  of  the  abdominal  viscera. 

Quadratus  lumborum  (fig.  581,  5)  lies  external  to  the  psoas,  and  directly 
in  front  of  the  lateral  intermuscular  septum;  it  consists  of  two  sets  of  fibres, 
one  series  arising  from  the  ilio-lumbar  ligament  and  the  iliac  crest  for  5  cm. 
immediately  above  and  internal  to  the  oblique  gluteal  line,  these  fibres  are 
inserted  into  the  lower  edge  of  the  last  rib  and  into  the  costal  processes  of  the 
four  upper  lumbar  vertebra?.  The  second  or  deeper  set  of  fibres  arise  from  the 
iliac  crest  behind  the  last,  and -are  inserted  into  the  costal  processes  of  the 
three  upper  lumbar  vertebra?.  This  muscle  is  covered  by  an  aponeurosis 
homologous  with  the  enclothoracic  and  transversalis  fasciae,  and  lies  on  the 
lateral  intermuscular  septum  (p.  71).  It  is  a  specialised  portion  of  the  inter- 
costal system  of  muscles,  to  which  at  the  lower  portion  of  the  thorax  it  has  the 
same  relation  that  the  scaleni  have  at  the  cervical  end.  It  is  supplied  by  small 
metameric  branches  of  the  three  upper  lumbar  nerves.  The  kidney  lies  on  its 
anterior  surface,  to  which  the  outer  border  of  this  muscle  serves  as  a  guide. 

Dissection. — The  psoas  muscle  (§  360)  having  been  examined  conjointly  by  the  dissectors 
of  the  leg  and  abdomen,  the  branches  of  the  lumbar  plexus,  which  appear  at  the  outer 
border  of  that  muscle,  are  to  be  traced  backwards  into  the  substance  of  the  psoas,  the 
anterior  part  of  which  should  be  cut  away  ;  carefully  preserving  as  nearly  as  possible  in  its 
normal  place  the  genito-crural  nerve,  which  descends  on  the  front  of  that  muscle,  having 
emerged  at  its  inner  border.  These  nerves  are  now  to  be  followed  downwards  as  far  as  they 
lie  in  the  abdominal  cavity. 

The  lumbar  plexus  (fig.  582)  is  formed  by  the  union  by  cross  communica- 
tions, of  the   ventral  trunks  of  the  four  upper  lumbar  nerves.     It  lies  in  the 

psoas  muscle  and  on  a  plane  anterior 
to  the  costal  processes  of  the  lumbar 
vertebrae. 

The  first  lumbar  trunk  receives  a 
small  twig  from  the  subcostal,  and 
divides  into  four  branches: — (i)  A  small 
metameric  branch  to  the  quadratus  lum- 
borum; (2)  a  large  cutaneous  outgoing 
branch,  which,  after  a  short  course,  bi- 
furcates into  the  ilio-hypog"astric  and 
iliO-ing'Uinal  nerves;  (3)  a  communi- 
cating branch  to  the  second  lumbar ;  (4) 
a  small  internal  branch,  which  passes 
downwards  and  forwards  on  the  inner 
side  of  the  psoas  muscle  to  join  a  branch 
from  the  common  cord  made  by  the 
junction  of  the  last-named  branch  with 
the  second  lumbar,  giving  origin  to  the 

genito-crural  nerve. 

The  second,  third,  and  fourth  lumbar 
ventral  trunks,  having  given  off  meta- 
meric branches  to  the  quadratus  lum- 
borum, divide  into  anterior  and  posterior 
divisions.  The  anterior  division  of  the 
second  sends  off  the  branch  just  named 
to  the  genito-crural,  and  then  descends  on  the  inner  side  of  the  psoas  to 
unite  successively  with  the  anterior  division  of  the  third  and  fourth  lumbar 
nerves;  the  cord  thus  formed  being  the  obturator  nerve.  The  posterior 
division  of  the  second  divides  into  two — one  small  branch  joins  a  small  branch 
of  the  posterior  division  of  the  third  and  forms  the  external  cutaneous,  while 
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Fig.  582. — Diagram  of  the  lumbar  plexus  ; 
the  posterior  divisions  are  shaded,  the 
anterior  left  clear. 
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the  larger  branch  joins  the  larger  branch  of  the  posterior  division  of  the  third 
and  the  whole  of  the  posterior  division  of  the  fourth,  and  form  the  largest 
branch  of  the  plexus,  the  anterior  Crural.  A  descending  branch  of  the  fourth, 
not  shown  in  the  diagram,  descends  to  unite  with  the  fifth  lumbar,  which  joins 
the  first  sacral  nerve,  and  forms  with  it  the  lumbo-sacral  cord. 

The  ilio-hypog'astrie  and  the  last  dorsal  nerve  are  reciprocal  in  point  of 
development ;  when  one  is  large,  the  other  is  small  or  absent.  The  ilio- 
hypogastric appears  at  the  outer  border  of  the  psoas,  and  passes  obliquely 
beneath  the  fascia  and  upon  the  front  of  the  quadratics  lumborum  muscle 
posterior  to  the  kidney.  It  pierces  the  transversalis  muscle  as  it  crosses  the 
downward  continuation  of  the  posterior  axillary  line,  and  lies  for  a  short 
distance  between  that  muscle  and  the  internal  oblique;  here  it  gives  off  a 
lateral  cutaneous  (iliac)  branch,  which  pierces  the  two  oblique  muscles  and 
descends  over  the  iliac  crest  at  about  its  anterior  point  of  trisection,  supplying 
the  skin  in  front  of  the  upper  edge  of  the  gluteus  maximus  (fig.  586,  b).  The 
continued  or  anterior  cutaneous  trunk  (hypogastric  branch)  passes  forwards 
beneath  the  internal  oblique,  which  it  pierces  close  to  the  linea  semilunaris, 
and  passing  through  a  hole  in  the  external  oblique  tendon  it  supplies  the  skin 
of  the  front  of  the  abdomen  from  the  umbilicus  down  to  the  pubes. 

The  ilio-ing"Uinal  nerve  is  also  a  purely  sensory  nerve,  and  is  usually 
smaller  than  the  last,  with  which,  however,  it  is  in  about  eighteen  per  cent,  of 
bodies  combined.  It  descends  across  the  lower  border  of  the  quadratus 
lumborum  with  a  greater  degree  of  obliquity  than  the  last,  and  reaches  the 
transversalis  muscle  close  to  the  iliac  crest ;  here  it  successively  pierces  this 
muscle  and  the  internal  oblique,  finally  piercing  the  external  oblique  close  to  the 
outer  border  of  the  superficial  abdominal  ring,  or  else  it  may  traverse  the 
ring,  and  is  distributed  to  the  skin  of  the  outer  surface  of  the  scrotum  or 
labium  and  of  the  opposed  area  of  the  thigh. 

The  genito-crural  nerve  is  a  compound  trunk  which  is  often  divided  into 
two  parts  for  its  whole  extent.  It  is  formed  by  filaments  of  the  first  and 
second  lumbar  nerves,  and  escapes  between  the  p>soas  muscle  and  the  vertebral 
column,  descending  thence  on  the  front  of  the  p>soas  beneath  the  peritoneum 
and  ureter.  It  usually  divides  here  into  its  two  parts — the  crural  and  the 
genital  branches.  The  genital  branch  descends  obliquely  across  the  external 
iliac  artery  lying  on  the  subperitoneal  tissue  (Abernethy's  fascia),  and  passes 
into  the  substance  of  the  spermatic  cord  as  it  is  being  constituted  at  the  deep 
abdominal  ring.  It  passes  on  the  cord  through  the  rings  and  inguinal  canal, 
and  breaks  up  into  branches  on  the  cremaster  muscle,  which  it  supplies. 

The  crural  branch  (fig.  589)  is  sensory,  and  descends  along  the  inner  edge  of 
the  psoas  to  pierce  the  fascia  beneath  Poupart's  ligament;  it  usually  pierces  the 
ilio-pectineal  ligament  (fig.  261),  but  may  pass  through  the  lacuna  musculosa, 
more  rarely  through  the  vascular  lacuna,  external  to  the  femoral  vessels.  Not 
uncommonly  it  unites  with  the  middle  cutaneous  branch  of  the  anterior  crural 
nerve  before  piercing  the  fascia,  to  be  distributed  to  the  skin  of  the  thigh. 

The  external  Cutaneous  nerve  (fig.  581,  19)  can  be  seen  descending 
across  the  iliacus  muscle  to  the  superior  iliac  notch,  through  which  it  escapes. 
It  is  the  earliest  branch  of  the  anterior  crural  system  of  nerves  (§  335). 

The  anterior  crural  descends  in  the  interspace  between  the  jjsoas  and  the 
iliacus  to  pass  through  the  lacuna  musculosa  beneath  the  crural  arch ;  before 
escaping  it  gives  off  three  branches  to  the  iliacus  muscle.  Not  uncommonly  it 
gives  off  also  within  the  pelvis  a  superior  internal  cutaneous  branch.  This 
often  arises  along  with  the  nerve  to  the  pectineus,  and  when  this  is  the  case  it 
lies  along  the  inner  surface  of  the  psoas  muscle,  and  the  combined  trunk  passes 
through  the  lacuna  vasculosa  behind  the  femoral  vessels,  then  dividing  into  its 
pectineal  branch  to  the  pectineus  muscle  and  its  cutaneous  branch.     When  this 
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conjoint  stem  is  present  it  is  sometimes  erroneously  called  accessory  obturator 
nerve,  but  it  has  nothing  whatever  to  do  with  that  nerve,  as  it  is  really  one  of 
the  extensor  (posterior)  series  of  nerves  (§  351) ;  for  the  remaining  course  of  the 
anterior  crural,  see  §  346. 

The  obturator  nerve  is  the  chief  anterior  branch  of  the  plexus.  It  descends 
between  the  2)Soas  and  the  vertebral  column  lying  upon  the  ilio-lumbar  artery 
which  separates  it  from  the  lumbo-sacral  nerve,  and  behind  the  iliac  vessels. 
Dipping  into  the  pelvis  it  appears  in  the  angle  of  divergence  of  the  internal 
and  external  iliac  arteries,  along  the  lateral  wall  of  the  pelvis,  internal  to  the 
pelvic  fascia,  which  it  pierces  at  the  obturator  foramen.  It  escapes  through 
this  opening,  above  the  obturator  artery  (except  when  that  vessel  arises  from 
the  epigastric).     Its  subsequent  course  is  traced  in  §  355. 
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315.  The  lower  limbs  are  the  organs  of  support  and  progression,  and  are,  therefore, 
stronger  in  framework  and  in  muscles,  and  provided  with  larger  vessels  and  nerves  than  the 
upper  limbs,  while  the  ranges  of  motion  of  their  several  joints  are  smaller  and  the  pelvic 
girdle  is  fixed  to  the  vertebral  axis.  Each  limb  is  on  an  average  about  o-22  of  the  weight 
of  the  body ;  the  left  being  usually  a  little  the  heavier  and  stronger.  The  length  of  these 
limbs  is  the  most  variable  part  of  the  stature.  In  development  the  lower  limbs  have  under- 
gone a  preaxial  and  ventral  rotation,  and  the  foot  is  permanently  pronated. 

Superficial  Landmarks. — The  surface  markings  to  be  observed  before 
dissection  in  the  region  of  the  buttock  are  the  iliac  crest  and  spines,  the  tuber 
ischii,  and  the  great  trochanter.  From  the 
lower  end  of  the  vertebral  column  the 
median  post-anal  groove  is  continued  for- 
wards between  the  nates  and  thighs  into  the 
perineum.  The  prominence  of  the  nates  on 
each  side  of  this  is  correlated  with  the 
upright  position,  and   is  peculiar  to  man. 

The   horizontal   sulcus    of  the   nates, 

which  separates  the  prominent  fold  of 
the  nates  (fig.  583,  + )  above  from  the 
back  of  the  thigh  below,  is  an  extension 
fold,  and  disappears  on  flexion ;  hence  in 
hip-joint  disease,  when  the  patient  always 
keeps  the  hip  slightly  flexed,  this  fold 
becomes  obliterated  as  a  result  of  the 
flexion,  not  of  the  wasting  of  the  muscles, 
which  does  not  take  place  until  later. 
The  upper  point  of  trisection  of  a  line 
joining  the  posterior  iliac  spine  and  the 
mid-point  between  the  tuber  ischii  and 
great  trochanter,  indicates  the  point  of 
emergence  of  the  gluteal  artery.  The 
middle  of  a  similar  line  from  the  posterior 
iliac  spine  to  the  inner  point  of  trisection 
of  the  line  between  tuber  and  trochanter 
shows  the  spot  where  the  sciatic  artery 
leaves  the  pelvis.  These  guides  are  known 
as  LizaFS'  lines.  On  the  front  of  the  thigh 
the  superior  iliac  spine  and  the  pubic  spine 
and  crest  are  to  be  noticed,  and  the  fold 
of  the  groin,  or  the  line  of  Poupart's  ligament,  extending  between  them.  The 
structures  along  this  line  are  relaxed  by  flexion,  adduction,  and  rotation  inwards, 
but  made  tense  by  the  opposite  motions.  There  is  usually  a  sulcus  below  the 
fold  of  the  groin,  starting  from  the  femoro-scrotal  furrow  and  dying  away  mid- 
way between  the  great  trochanter  and  the  superior  iliac  spine.  This,  which  is 
called  Holden'S  line,  crosses  the  middle  of  the  capsule  of  the  hip.  Below  the 
pubic  spine  the  prominent  inner  ridge  of  the  adductor  muscles  is  palpable,  and 


Fig.  583. — Gluteus  maximus  dissected 
on  the  left  side,  right  buttock  undis- 
sected,  showing  fold  marked  +  :  —  I, 
latissimus  dorsi ;  2,  external  oblique  ; 
3,  Petit's  triangle  ;  4,  gluteal  fascia  ; 
5,  gluteus  maximus  ;  6,  fascia  lata  ;  7, 
biceps  ;  8,  semitendinosus. 
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if  the  hip  he  forcihly  extended,  the  fascia  lata  feels  tense  along  its  outer  side 
from  the  iliac  crest  to  the  external  tuberosity  of  the  tibia.  A  line  joining  the 
superior  spine  and  the  tuber  ischii  passes  across  the  middle  of  the  acetabulum 
and  over  the  top  of  the  trochanter.     This  is  called  Nelaton's  line. 

The  course  of  the  femoral  artery  is  represented  by  a  line  drawn  from  the 
middle  point  of  the  interval  between  the  superior  iliac  spine  and  the  symphysis 
pubis  to  the  inner  side  of  the  inner  condyle  of  the  femur.  At  the  knee  the 
patella  and  the  femoral  condyles  are  prominent  above  the  joint ;  the  tubercle, 
outer  tuberosity,  and  inner  edge  of  the  head  of  the  tibia  and  the  styloid  process 
of  the  fibula  project  below.  Above  and  behind  the  last  point  the  tendon  of  the 
biceps  can  be  felt,  while  on  the  inner  side  of  the  back  of  the  knee  the  tendons 
of  semitendinosus  and  semimembranosus  are  prominent.  The  hollow  space 
between   these    outer   and    inner   tendons   at   the    back    of    the    knee    is    the 

popliteal  space. 

Along  the  front  of  the  leg  the  shin,  or  crest  of  the  tibia,  is  palpable,  separat- 
ing the  subcutaneous  inner  area  of  the  tibia  from  the  region  of  the  digital 
extensors,  which  lies  external  to  it.  Posteriorly  is  the  thick  muscular  swelling 
of  the  calf  of  the  leg,  tapering  below  to  the  narrow  supramalleolar  region  above 
the  ankle.  The  inner  side  of  the  tibia  is  continued  downwards  into  the  promi- 
nent internal  malleolus,  or  inner  ankle,  while  on  the  outer  side  the  fibula 
becomes  subcutaneous,  and  enlarges  into  the  outer  malleolus.  Of  these  two 
ankles  the  inner  is  the  farther  forward  and  is  covered  by  a  tenser  skin;  the 
outer  is  the  lower  down.  In  front  of  the  inner  ankle  and  along  the  inner 
edge  of  the  foot  there  can  be  felt  the  tubercle  of  the  scaphoid  and  that  of  the 
inner  cuneiform  bone,  while  in  front  of  the  outer  ankle  is  the  spur  of  the 
fifth  metatarsal.  Posteriorly  is  the  prominence  of  the  heel,  with  the  tendo 
Achillis  above  it,  and  below  is  the  plantar  region,  ending  in  front  in  the  ball 
of  the  great  toe,  and  the  smaller  prominences  over  the  outer  metatarsal  heads. 
The  toes  are  rarely  straight  in  boot- wearing  races;  the  great  toe  is  generally 
curved  a  little  outwards,  the  second  usually  bent  so  that  its  tip  falls  short  of 
the  end  of  the  hallux,  which  it  would  exceed  if  the  toe  were  extended. 

The  embryonic  lower  limb  is  generally  flexed,  and  the  embryonic  foot  is  always  inverted. 
The  lengths  of  the  toes  in  mm.  in  the  fifth-month  foetus  average  respectively  6,  5,  4,  4,  4. 
In  the  fcetus  at  full  term  they  are  13,  13,  10,  9,  9. 

The  average  lower  limbs  are  slightly  unequal,  the  left  being,  in  62  per  cent,  of  limbs, 
about  3  mm.  longer. 

Skin. — The  integument  of  the  buttock  is  moderately  thick,  low  in  vascu- 
larity and  in  sensibility,  with  few  papilla?  and  a  coarsely  wrinkled  surface, 
especially  in  males  and  along  its  prominent  fold.  Its  sweat  glands  are  about 
forty  to  the  sq.  cm.,  and,  while  the  region  is  generally  bare  of  consjficuous  hairs, 
in  dark  males  it  may  be  thickly  hairclacl,  especially  towards  the  middle  line,  the 
hairs  converging  to  the  post-anal  groove.  Skin  of  a  similar  character  clothes  the 
back  of  the  thigh,  but  in  front,  at  the  hollow  of  the  groin,  it  is  thin,  smooth, 
elastic,  with  thin  cuticle,  small  papilla?,  and  few  hairs  except  towards  the  pubes. 
Lower  down,  especially  towards  the  outside  of  the  thigh,  the  hairs  are  more 
numerous  (eight  to  the  sq.  cm.),  directed  outwards  and  a  little  upwards  at  their 
bases,  and  accompanied  by  large  sebaceous  glands.  The  sweat  glands  are  also 
large  (about  seventy -four  to  the  sq.  cm.). 

The  skin  is  loose  about  the  front  of  the  knee,  its  epidermis  being  thickened 
on  the  patella  and  tibial  tubercle ;  it  is  thinner  and  more  naked  on  the  popliteal 
space.  The  corium  is  fastened  by  radiating  fibres  to  the  inner  and  back  part  of 
the  tibia  and  to  the  head  of  the  fibula.  The  hairs  on  the  leg,  especially  on  the 
inner  surface,  are  larger  than  those  on  the  thigh,  and  are  directed  downwards 
and  inwards.  The  skin  of  the  dorsal  surface  of  the  foot  is  thin  and  loosely - 
attached,  with  few  or  no  hairs,  and  many  small  sweat  glands  (122  to  the  sq.- 
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cm.).  Around  the  margins  of  the  foot  the  skin  is  attached  by  radial  bands 
hence  it  appears  somewhat  folded  or 
wrinkled.  Over  and  behind  the  ankles 
and  above  the  heel  the  skin  is  also  thin, 
soft,  and  loosely  attached.  On  the  sole 
of  the  foot  it  is  bare  of  hair  or  sebaceous 
glands,  and  presents  peculiarities  on  the 
heel,  on  the  ball  of  the  hallux,  on  the 
outer  side,  and  in  the  hollow  of  the  arch. 
On  the  heel  is  the  thickest  epidermis  in 
the  body,  marked  by  transverse  ridges, 
corresponding  to  the  ridges  of  the  large 
dermal  papilla?.  On  the  ball  of  the  hallux 
it  is  also  thick,  with  concentric  papillary 
ridges.  In  the  hollow  of  the  arch  it  is 
softer,  not  so  closely  attached,  but  marked 
by  many  wrinkles,  which  tend  to  pass 
forwards  and  towards  the  first  or  second 
interspaces.  On  the  outer  side  there  is  a 
long  area  of  thick  adherent  skin  stretching 
from  the  heel  by  the  spur  of  the  fifth 
metatarsal,  to  expand  into  a  continuous 
welt,  with  transverse  papillary  ridges 
which  curve  forwards  at  each  side,  be- 
neath the  heads  of  the  outer  metatarsals. 
A  transverse  sulcus  bounds  this  pad  in 
front,  and  marks  off  the  toes  from  the 
sole. 

The  skin  of  the  toes  is  peculiar,  in 
that  the  nail  matrices  are  rarely  cres- 
centic,  and  the  lunula  is  almost  always 
covered  by  the  nail  fold.  Patches  of 
papillae  are  liable  to  hypex'trophy  between 
the  toes,  and  the  patches  of  epidermis 
which  cover  them  to  become  horny  and 
thickened,  constituting  corns.  The  plantar 
sweat  glands  are  large  (350  to  the  sq.  cm.). 

316.  GLUTEAL  REGION.-The  body  is  to 
he  placed  back  upwards  011  the  table,  with  a 
block  under  the  loins,  and  the  skin  to  be  divided 
(1)  along  the  middle  line  from  the  fourth  lumbar 
spine  to  the  tip  of  the  coccyx;  (2)  from  the 
upper  end  of  this  incision  outwards  along  the 
crest  of  the  ilium  to  the  superior  spine ;  and 
(3)  from  the  lower  end  of  the  first  incision  along 
the  lower  border  of  the  tuber  ischii,  and  thence 
downwards  and  outwards  to  the  outer  side  of 
the  thigh  16  cm.  below  the  great  trochanter. 
Reflect  outward  this  flap,  exposing  the  under- 
lying thick  layer  of  fatty  superficial  fascia,  to 
whose  surface  the  deep  layer  of  the  cutis  is  tied 
by  many  fibrous  processes,  especially  along  the 
fold  of  the  nates,  hence  the  pain  in  furuncular 
inflammations,  which  are  not  uncommon  in  this 
region.  The  skin  is  also  tied  to  the  great  Fie 
trochanter  by  radiating  bands.  A  small  sub- 
cutaneous bursa  usually  overlies  the  prominent 
portion  of  the  sacrum,  especially  in  thin  males,  and  the  superficial  fascia  becomes  fibrous 


584. — Cutaneous  nerves  of  the  gluteal 
region  and  back  of  the  thigh. 
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and  tough  over  the  tuberosity  of  the  ischium.  In  females,  especially  those  of  short  stature, 
the  fatty  superficial  layer  is  thicker  than  in  males,  and  in  some  African  races,  is  much 
thicker  than  in  Europeans  (steatopygia). 

317.  CUTANEOUS  NERVES. — Ten  nerves  pass  through  this  fascia  to  the 
skin  of  this  region;  four  of  these  descend  across  the  crest  of  the  ilium,  two 
pass  outwards  from  the  back  of  the  sacrum,  one  passes  backwards  and  inwards 
above  the  great  trochanter,  and  three  ascend  round  the  lower  border  of  the 
gluteus  maximus. 

Those  of  the  first  series  are  (i)  the  lateral  CUtaneOUS  branch  of  the  sub- 
costal nerve,  which  crosses  the  iliac  crest  about  5  cm.  behind  the  superior  iliac 
spine  (fig.  353);  (2)  lateral  CUtaneOUS  branch  of  the  ilio-hypogastric  behind 
the  last  and  its  reciprocal  in  size — occasionally  the  one  or  other  of  these  is 
wanting  or  united  into  a  single  trunk;  (3  and  4)  the  external  branches  of 
the  posterior  division  of  the  first  and  second  lumbar  nerves  descend  obliquely 
forwards  near  to  the  upper  edge  of  the  gluteus  maximus  muscle  (ib.,  Ext.  1). 
Those  of  the  second  series  are  the  two  posterior  CUtaneOUS  branches  of  the 
sacral  nerves  (fig.  584,  5),  the  single  nerve  which  passes  backwards  is  the 
gluteal  branch  of  the  external  cutaneous  which  descends  over  the  insertion  of 
the  gluteus  maximus  {ib.,  6).  The  ascending  nerves  are  (1)  the  recurrent 
CUtaneOUS  branch  of  the  lesser  sciatic,  which  emerges  at  the  lower  edge  of  the 
gluteus   maximus  between  the  great   trochanter  and  tuber   ischii,  and    turns 

upwards  to  the  skin  (ib.,  2);  (2)  a  small  cutaneous  branch  of  the  inferior 

gluteal  usually  independent  of  the  last,  shown  in  the  figure  internal  to  the 
last,  and  (3)  the  perforating"  branch  of  the  fourth  sacral  which  emerges 
through  the  sciatic  ligament  and  gluteus  maximus  (fig.  587,  6). 

Having  dissected  out  these  nerves,  remove  the  intervening  fat  which  covers  the  under- 
lying deep  fascia. 

318.  DEEP  FASCIA. — The  gluteal  portion  of  the  fascia  lata  is  attached  to 
the  iliac  crest,  to  the  lumbar  fascia,  and  to  the  back  of  the  sacrum.  Anteriorly 
it  is  thick  and  white  as  it  overlies  the  gluteus  medius,  being  here  the  degenerated 
sheath  of  an  obsolete  anterior  portion  of  the  muscle.  At  the  upper  edge  of  the 
gluteus  maximus  it  splits  into  two  thin  layers,  a  superficial,  which  overlies  the 
muscle  and  sends  processes  to  sheathe  its  fascicles,  and  a  deep  layer  which  passes 
beneath  the  gluteus  maximus.  The  former  is  continued  round  the  lower  border 
of  the  muscle  between  the  tuber  ischii  and  the  coccyx,  and  is  attached  to  the 
edge  of  the  greater  sciatic  ligament.  Outside  the  tuber  ischii  it  is  continuous 
into  the  fascia  lata  of  the  thigh,  and  is  here  pierced  externally  by  the  recurrent 
cutaneous  nerves,  and  internally  by  the  long  pudendal  nerve  (fig.  584,  3).  Still 
farther  outwards  it  is  inseparable  from  the  tendon  of  the  gluteus  maximus.  The 
deep  layer  beneath  the  gluteus  maximus  forms  the  sheath  of  the  gluteus  medius. 

Dissection.  —  Adduct  and  rotate  inwards  the  leg.  Divide  the  fascia  along  the  upper 
edge  of  the  gluteus  maximus,  and  raise  the  layer  covering  the  muscle  as  a  continuous  sheet, 
cutting  parallel  to,  and  along  the  whole  length  of,  the  fleshy  fascicles.  This  dissection  craves 
care  and  patience,  but  the  discipline  of  hand  acquired  in  making  it  is  cheaply  bought  at  the 
expense  of  the  necessary  outlay  of  time,  while  the  slovenly  habit,  too  readily  acquired  by 
scamping  such  a  dissection,  is  apt  to  be  carried  by  the  student  into  the  other  departments  of 
his  work.  When  cleaning  the  lower  edge  of  the  muscle  abduct  the  thigh.  On  a  left  limb, 
as  it  is  a  little  awkward  to  reflect  this  flap  from  above,  it  is  better  to  divide  the  fascia  in  the 
middle,  and  to  reflect  it  each  way. 

319.  GLUTEUS  MAXIMUS  (fig.  583,  5),  the  largest  muscle  in  the  body, 
rhomboidal  and  coarsely  fasciculated,  arises  by  short  tendinous  fibres  from  the 
fascia  which  invests  it  anteriorly,  from  the  posterior  gluteal  line  of  the  ilium 
(p.  164)  and  the  rough  posterior  gluteal  surface  behind  it,  from  the  lumbar 
fascia  behind  the  iliac  crest,  from  the  backs  of  the  third  and  fourth  sacral 
vertebra?,  from  the  side  of  the  coccyx,  and  from  the  inner  portiom  of  the  great 
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sciatic  ligament.  Its  fascicles,  which  are  nearly  parallel,  run  outwards  and 
downwards,  to  be  inserted  into  the  fascia  lata  on  the  outer  part  of  the  thigh, 
into  the  surface  of  the  tendinous  sheath  of  the  vastus  externus,  and  into  the 
rough  gluteal  line  on  the  femur  below  the  root  of  the  great  trochanter.  The 
upper  half  of  the  muscle,  including  nearly  all  its  iliac  origin,  is  inserted  into 
the  fascia  lata,  and  is  often  bilaminar.  The  lower  part  of  the  insertion  is  also 
in  two  layers,  a  superficial  or  fascial,  and  a  deep  or  bony. 

It  is  supplied  by  the  inferior  gluteal  nerve  (i  and  2  s.),  and  it  is  nourished  by  the  super- 
ficial branch  of  the  gluteal  artery  and  the  gluteal  branch  of  the  sciatic.  This  muscle  abducts 
the  thigh  and  rotates  it  outwards,  and  makes  tense  the  fascia  lata.  In  walking,  it  acts  from 
thigh  to  pelvis,  extending  the  hip-joint  and  maintaining  the  upright  position.  Its  upper 
edge  is  tied  down  by  the  investing  fascia,  its  lower  thick  edge  forms,  with  the  overlying  fat, 
the  prominence  of  the  buttock  (p.  469).  The  predominence  of  this  muscle  is  essentially  a 
human  character;  it  forms  19  per  cent,  of  the  musculature  around  the  hip-joint  hi  man;  13 
per  cent,  in  the  gorilla;  12 -5  per  cent,  in  the  chimpanzee,  and  12  per  cent,  in  the  orang.  Its 
coccygeal  part  represents  the  separate  caudo-femoral  muscle  of  other  mammals.  This  muscle 
is  a  segmentation  of  the  superficial  posterior  sheet  of  limb  muscles  representing  in  part  the 
scapular  deltoid,  in  part  the  la/issimus  dorsi  of  the  upper  limb. 

Dissection. — Having  rendered  definite  the  upper  and  lower  edges  of  this  muscle, 
divide  it  along  a  line  drawn  from  the  middle  of  the  iliac  crest  to  the  tuber  ischii,  and  reflect 
each  part,  clean  the  vessels  and  nerves  which  are  attached  to  the  deep  surface  of  the  muscle. 

The  parts  exposed  on  raising  it  are  the  gluteus  medius  and  its  investing 
fascia,  occasionally  a  strip  of  the  gluteus  minimus,  the  superficial  gluteal  artery, 
the  pyriformis  muscle,  the  sciatic  and  pudic  vessels  and  nerves,  the  gemellus 


Posterior  side. 
Fig.  585.  — Oblique  section  through  the  hip-joint,  showing  the  relations  of  the  muscles  and 
the  parts  covered  by  the  gluteus  maximus— A,  V,  femoral  artery  and  vein  ;  Ot.  Sc.  n., 
great  sciatic  nerve ;    1,2,  pudic   vessels  ;  3,  small  sciatic  nerve ;  4,  4,  sciatic  artery 
and  its  coccygeal  branch. 

superior  muscle,  obturator  internus  tendon,  gemellus  inferior,  and  quadratus 
femoris,  the  greater  sciatic  ligament,  tuber  ischii,  the  origin  of  the  hamstring 
muscles,  the  great  trochanter,  the  upper  edge  of  the  adductor  magnus,  the 
crucial  anastomosis,  the  upper  part  of  the  vastus  externus,  and  usually  three 
burste — one,  large,  over  the  great  trochanter,  a  second,  often  communicating  with 
the  former,  between  the  laminas  of  the  tendon,  over  the  vastus  externus,  and  a 
third,  somewhat  variable,  over  the  tuber  ischii,  present  in  45  per  cent,  of  limbs. 
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Dissection.  — C  lean  these  parts,  and  remove  the  fascia  which  covers  the  gluteus  medius, 
stretching  the  muscle  by  adduction  and  rotation  inwards  while  dissecting  the  hinder  fibres, 
and  by  rotation  outwards  while  dissecting  the  foremost. 

320.  GLUTEUS  MEDIUS,  thick  and  triangular,  arises  from  the  middle 
•••luteal  area  of  the  ilium,  and  from  the  fascia  which  covers  it.  It  is  inserted  by 
a  flat  tendon  into  the  broad  line  which  crosses  the  great  trochanter  from  its  tip 
downwards,  outwards,  and  forwards.  Acting  from  the  ilium  it  is  an  abductor 
of  the  thigh,  and  by  its  anterior  fibres  a  rotator  inwards;  acting  from  the  femur 
it  extends  and  draws  outwards  the  pelvis.  Its  tendon  begins  between  two 
planes  of  fleshy  fibres.  The  muscle  is  supplied  by  the  horizontal  branch  of  the 
superior  gluteal  nerve  (5  I.  and  1  s.)  and  is  nourished  by  the  ascending  branch  of 
the  deep  gluteal  artery  ;  a  small  bursa  underlies  its  tendon. 

An  ilio-troehanterie  tendinous  band  is  attached  to  the  superior  iliac  spine  at  its 
anterior  border,  and  ends  in  the  sheath  of  the  gluteus  minimus  and  capsule  of  the  hip-joint. 
From  it  some  of  the  anterior  fibres  of  the  gluteus  medius  arise,  and  this  renders  the  separation 
of  the  two  glutei  at  their  anterior  inferior  margin  a  task  of  some  difficulty.  This  muscle  is 
the  serial  homologue  of  a  part  of  the  infras}rinatus  in  the  upper  limb. 

Dissection. — Divide  the  tendon  of  the  gluteus  medius  and  reflect  the  muscle  upwards, 
leaving  it  still  attached  by  its  origin.  Clean  the  vessels  and  nerves  which  lie  on  its  lower 
surface  and  on  the  surface  of  the  next  muscle. 

321.  GLUTEUS  MINIMUS  (fig.  586)  arises  from  the  inferior  gluteal  area  of 
the  ilium  as  far  back  as  the  anterior  border  of  the  great  sciatic  notch,  and  as  far 
forwards  as  the  ilio-trochanteric  band.  The  fibres  converge  to  a  tendon  which 
begins  on  the  surface  of  the  muscle,  and  is  inserted  into  a  rough  surface  on  the 
front  and  outer  part  of  the  great  trochanter. 

The  portions  of  the  two  glutei  attached  to  the  ilio-trochanteric  band  represent  a  separate 
element,  the  gluteus  quartus  of  other  mammals.  Its  sheath,  into  which  some  of  its  foremost 
fibres  are  inserted,  is  continuous  into  the  edge  of  the  external  ilio-femoral  ligament,  and  is 
thereby  connected  with  the  deep  origin  of  the  ilio-tibial  band.  This  corresponds  to  the  teres 
minor  of  the  upper  limb. 

Its  nerve,  the  superior  gluteal  (4  and  5  I.),  enters  its  outer  surface,  and  its 
blood  supply  is  derived  from  the  transverse  branch  of  the  deep  gluteal  artery. 
It  co-operates  with  the  gluteus  medius. 

322.  GLUTEAL  ARTERY  (fig.  586— from  the  internal  iliac,  §  281)  escapes 
from  the  pelvis  above  the  piriformis  through  the  upper  part  of  the  great  sciatic 
notch,  and  lies  on  the  small  bare  area  of  ilium  between  the  gluteus  maximus  and 
medius.  Here  it  is  overlapped  by  its  vein,  and  lies  on  its  companion  nerve, 
and  gives  off  the  external  nutrient  branch  to  the  ilium.  It  divides  into  two 
branches — a  superficial,  which  ascends  and  passes  forwards  into  the  gluteus 
'maximus,  breaking  up  into  three  or  four  large  branches  to  supply  the  muscle, 
and  a  deep  which  passes  forwards  between  the  gluteus  medius  and  gluteus 
minimus,  and  having  supplied  the  pyriformis,  divides  into  (a.)  a  superior  branch 
which  coasts  along  the  superior  gluteal  line  to  end  beneath  the  superior  iliac 
spine  by  anastomosing  with  the  external  circumflex  femoral  artery,  and  (b.) 
an  inferior  branch  which  crosses  the  gluteus  minimus  to  supply  it,  the  hip-joint 
and  the  tensor  fascice  femoris,  anastomosing  with  the  external  circumflex  and 
sciatic  arteries.  Each  of  these  branches  is  accompanied  by  two  veins  which 
have  many  valves ;  these  unite  as  they  approach  the  sciatic  notch  into  one 
large  gluteal  vein.  This  artery  is  the  serial  homologue  of  the  subscapular 
artery  of  the  upper  limb. 

323.  SUPERIOR  GLUTEAL  NERVE  (from  the  lumbo-sacral  cord,  con- 
sisting of  fibres  from  the  posterior  divisions  of  the  ventral  branches  of  the 
fourth  and  fifth  lumbar,  with  some  filaments  from  the  first  sacral)  escapes 
external  to  the  artery  beneath  and  in  front  of  its  deep  branches.  Passing 
forwards  between  the  gluteus  medius  and  minimus,  it  divides  into  two  branches, 
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an  upper  smaller  to  the  gluteus  medius,  and  a  lower  which  supplies  the  gluteus 
minimus,  and  the  elements  which  represent  gluteus  quartus,  and  ends  in  the 
hinder  surface  of  the  tensor  fascice  femoris.  Its  filaments  correspond  partly 
to  those  of  the  suprascapular,  but  partly  to  the  circumflex  humeri  nerve. 

324.  PYRIFORMIS  (fig.  586)  arises  within  the  pelvis  from  the  intrapelvic 
surface  of  the  costal  elements  of  the  second,  third,  and  fourth  sacral  vertebra?. 
Escaping  through  the  greater  sciatic  notch  it  tapers  to  a  tendon  which  is 
inserted  into  the  marginal  facet  at  the  upper  part  of  the  greater  trochanter, 
behind  the  facet  for  the  obturator  internus. 

Within  the  pelvis,  its  anterior  face  is  in  contact  with  the  sacral  plexus,  the  pelvic  fascia, 
and  rectum,  as  well  as  some  of  the  lower  branches  of  the  internal  iliac  artery.  It  lies  on 
the  bone  and  the  greater  sciatic  ligament.  In  the  gluteal'  region  it  occasionally  has  a 
marginal  origin  from  the  ilium,  and  is  below  and  overlapped  by  the  lower  edge  of  the 
gluteus  medius  lying  on  the  os  innominatum,  the  gluteus  minimus,  and  hip  capsule,  while  the 
gemellus  superior-  is  below  it. 

It  divides  the  greater  sciatic  notch  into  two  parts — an  upper  through  which 
the  gluteal  vessels  and  nerves  emerge,  between  it  and  the  ghdeus  medius,  and  a 
lower  through  which  the  inferior  gluteal,  sciatic  and  pudic  vessels  and  nerves 
come  out,  between  it  and  the  superior  gemellus. 

Occasionally  the  greater  sciatic  nerve  or  its  posterior  or  peroneal  division  escapes 
through  this  muscle,  dividing  it  into  upper  and  lower  parts.  The  pijriformis  is  an  outward 
rotator  of  the  thigh;  it  is 
nourished  by  branches  of  the 
gluteal  and  sciatic  artery, 
and  supplied  on  its  pelvic 
aspect  by  two  nerves  from 
the  second  sacral.  It  is  a 
segmentation  from  the  sheet 
of  muscle  corresponding  to 
that  which,  in  the  upper 
limb,  gives  rise  to  the  lower 
part  of  the  subscapulars  and 
teres  major. 

Dissection.  —  Remove 
the  '  upper  portion  of  the 
gluteus  maximus,  exposing 
the  wdiole  of  the  greater 
sciatic  ligament ;  remove  also 
the  whole  gluteus  medius  from 
its  origin,  and  trace  the 
parts  appearing  below  the 
pyritormis,  which  are  as 
follows— 

3  2  5.  THE  IN- 
FERIOR GLUTEAL 
NERVE.  —  This  arises 
by  two  roots  from  the 
posterior  divisions  *  of 
the  two  upper  sacral 
nerves,  and  ends  by  dividing  into  three  sets  of  branches — (1)  muscular,  whicli 
pierce  into  the  deep  surface  of  the  gluteus  maximus  (fig.  587,  2) ;  (2)  an  articular 
branch  to  the  hip ;  and  (3)  a  cutaneous  branch  to  the  skin  of  the  buttock 
(figs.  584,  2;  587,  4). 

The  smaller  sciatic  nerve  arises  by  two  roots  from  the  second  and  third 
sacral  nerves.  It  descends  on  the  back  of  the  thigh,  becoming  sub-fascial  below 
the  lower  edge  of  the  gluteus  maximus  (fig.  587,  3),  nearer  to  the  tuber  ischii 
than  to  the  trochanter,  and  gives  off  the  inferior  pudendal  nerve  (*&.,  5) 

•      *  See  the  use  of  this  word  in  connection  with  the  brachial  plexus,  p.  272. 
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Fig.  586. — Deep  muscles  of  the  gluteal  region. 
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which  turns  inwards  over  the  origin  of  the  hamstrings,  internal  to  which  it 
pierces  the  fascia  to  enter  the  perineum  (p.  356).  In  the  future  dissection  of 
the  back  of  the  thigh,  the  continuation  of  the  small  sciatic  will  be  found 
becoming  superficial  through  the  hiatus  SaphenUS  posterius,  to  end  in  the 
skin  of  the  popliteal  space  (fig.  584,  1).  The  cutaneous  areas  of  these  nerves 
are  shown  in  fig.  590. 

The  recurrent  gluteal  cutaneous  nerve,  from  the  second  sacral,  may 

arise  with  the  smaller  sciatic,  and  has  already  (pp.  472,  475)  been  traced  to  the 
skin  over  the  buttock  (fig.  574,  2). 

326.  SCIATIC  ARTERY  (from  the  internal  iliac,  §  287),  smaller  than  the 
gluteal,  emerges  above  the  greater  sciatic  nerve  and  passes  downwards,  lying 
upon  the  short  rotator  muscles  of  the  hip.  Its  branches  are — (1)  coccygeal, 
which  becomes  superficial  by  piercing  the  greater  sciatic  ligament  and  ends  in  the 
gluteus  maximus,  the  soft  parts  over  the  coccyx,  and  the  coverings  of  the  ischio- 
rectal fossa;  (2)  inferior  gluteal,  which  accompanies  the  nerve  of  the  same 
name  into  the  gluteus  maximus;  (3)  small  muscular  branches  to  the  short 
rotator  muscles,  one  of  which  passes  beneath  the  gemelli  and  obturator  intemus 
along  with  the  nerve  to  the  quadratus  femoris ;  (4)  anastomotic,  usually 
large,  descending  across  the  quadratus  femoris  and  under  cover  of  the  great 
sciatic  nerve,  between  the  lower  border  of  that  muscle  and  the  upper  edge  of 
the  adductor  magnus ;  it  joins  the  terminal  branch  of  the  internal  circumflex 
femoral,  the  ascending  branch  of  the  first  perforating  artery,  and  a  transverse 
branch  of  the  external  circumflex  femoral,  these  four  making  the  crucial 
anastomosis ;  (5)  an  external  branch  arising  with  the  last  passes  to  the 
digital  fossa,  there  to  anastomose  with  a  branch  of  the  external  circumflex 
artery ;  (6)  the  COmeS  nervi  ischiatici  is  seldom  conspicuous,  though  often 
capable  of  being  traced  with  its  nerve  as  far  as  the  popliteal  space. 

The  sciatic  veins  are  large  and  often  varicose ;  the  venae  comites  of  each  branch  in  the 
notch  usually  unite  to  form  the  single  sciatic  vein  which  lies  above  and  internal  to  the  artery. 

Dissection. — Divide  the  pyriformis  tendon  and  draw  it  towards  the  middle  line,  thereby 
exposing  the  dorsal  surface  of  the  sacral  plexiis,  which  may  be  more  clearly  seen  by  cutting 
away  with  a  chisel  a  portion  about  8  cm.  square  of  the  upper  border  of  the  sciatic  notch. 

327.  THE  GREAT  SCIATIC  NERVE  (fig.  587).— The  structure  of  the 
sacral  plexus  will  be  seen  more  clearly  when  the  cavity  of  the  pelvis  has 
been  dissected,  but  at  present,  as  seen  from  behind,  the  chief  part  of  the 
last  lumbar  and  of  the  three  upper  sacral  nerves,  with  a  small  branch  of 
the  fourth,  can  be  seen  to  lie  on  the  pelvic  surface  of  the  pyriformis,  behind 
the  pelvic  fascia,  and  to  unite  into  a  great  consolidated  continuation,  the  great 
sciatic  nerve,  the  largest  nerve  in  the  body,  consisting  of  about  38  bundles, 
which  collectively  form  a  flattish  cord  12  mm.  broad  by  5  mm.  thick,  strong 
enough  to  bear  a  weight  of  50  kilos,  without  rupture.  The  great  sciatic  nerve 
can,  however,  be  divided  into  two  parts  which  arise  respectively  from  posterior 
and  anterior  divisions  of  the  ventral  branches  of  the  fourth  and  fifth  lumbar  and 
three  upper  sacral  nerves ;  the  former  portion  being  the  peroneal  nerve,  the 
latter  the  popliteal.  The  conjoint  cord  emerges  below  the  pyriformis  and 
crosses  over  the  short  rotators  of  the  hip  about  midway  between  the  greater 
trochanter  and  the  tuber  ischii,  beneath  the  gluteus  maximus  and  external  to  the 
hamstrings  (fig.  587,  1).  Its  subsequent  course  will  be  traced  in  a  later  dissection 
(p.  498).  As  it  escapes  through  the  sciatic  notch  its  popliteal  element  gives  off 
(1)  a  branch  to  the  Obturator  intemus  (2  and  3  s.),  which  turns  in  through 
the  lesser  sciatic  notch  on  the  outer  side  of  the  pudic  artery,  having  first  given 
off  a  fine  twig  to  the  gemellus  superior  (2  s.).  This  nerve  and  the  pudic  nerve 
and  artery  can  be  followed  subsequently  by  dividing  the  greater  sciatic  ligament 
and   removing  the  loose  tissue  which  covers  them  in  the  lesser  sciatic  notch. 
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The  branch  to  the  obturator  ends  by  dividing  into  four  branches,  which  enter 

the  pelvic  surface  of  the  internal  obtu-  2  7 

rator  muscle.     A  little  lower,  the  great 

sciatic   gives   off  (2)  a   branch   to   the 

quadratics  femoris,  which    descends  on 

the  ischium  under  cover  of  the  gemelll 

and  the  obturator  internus  tendon,  and 

on  the  way  sends  off  two  fine  filaments, 

one   to  the  hip-joint    and  a    second  to 

the  gemellus  inferior. 

From  the  hinder  surface  of  the 
second  and  third  sacral  nerves  before 
their  union  in  the  plexus  two  minute 
branches  to  the  pyriformis  arise.  The 
superior  gluteal  nerve  arises  on  a 
higher  level  from  the  lumbo-sacral  cord, 
and  the  small  sciatic  arises  behind  the 
greater. 

The  lowest  branch  of  the  third,  and 
the  chief  part  of  the  fourth  sacral  nerve 
join  with  the  whole  of  the  fifth  sacral 
nerve  and  with  the  first  coccygeal,  and 

form   a   plexus,    the    pudendo-anal 

plexus,  which  is  quite  separate  from, 
and  lower  than  the  sacral  plexus,  lying 
inferior  to  the  pyriformis  on  the  pelvic 
surface  of  the  coccygeus.  Its  branches 
are  (1)  short  filaments  to  the  coccygeus, 
sphincter,  and  levator  ani  (from  the 
fourth  sacral),  inferior  vesical,  inferior 
rectal,  and  vaginal  in  the  female.  These 
visceral  branches  arise  by  four  or  five 
stems.  (2)  The  ano-coccygeal  or  sub- 
caudal  nerve,  which  pierces'  between 
the  levator  ani  and  the  coccygeus,  to 
end  in  the  skin  and  soft  parts  around 
the  coccyx.  (3)  The  long  branch  is  the 
pudic  nerve  (fig.  588). 

328.  THE     PUDIC    NERVE    (p. 

360),  arising  from  the  third  and  fourth 
sacral,  passes  out  through  the  great 
sciatic  notch  below  and  internal  to  the 
great  sciatic  nerve,  and  under  cover  of 
the  sciatic  artery.  Here  it  gives  off  a 
gluteal  cutaneous  branch,  and  winds 
round  the  spine  of  the  ischium.  It 
enters  the  lesser  sciatic  notch  on  the 
medial  side  of  the  pudic  artery,  and 
from  thence  runs  in  Alcock's  canal  in 
the  obturator  fascia  on  the  outside  of 
the  ischio-rectal  fossa,  where  its  farther 
course  has  been  already  traced  (p.  361, 
fig.  482). 

329.  PUDIC  ARTERY.— The  second  stage  of  this  vessel  (§  226)  is  here 


Fig.  587. — Branches  of  the  sacral  plexus,  seen 
on  raising  the  gluteus  maximus. 
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Fig.  588.  —  Scheme  of  the  pudendo- 
anal  plexus. 
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seen  as  it  lies  under  cover  of  the  gluteus  maximus,  the  great  sciatic  ligament, 
and  the  coccygeal  branch  of  the  sciatic  artery,  lying  between  the  nerves  just 
described,  upon  the  spine  of  the  ischium,  and  entering  through  the  lesser 
sciatic  notch  into  the  outer  wall  of  the  ischio-rectal  fossa.  It  is  accompanied 
by  two  pudic  veins,  both  rather  larger  than  the  artery. 

Dissection. — Divide  the  sciatic  nerve  as  it  crosses  the  tendon  of  the  obturator  internum 
and  reflect  it.     Remove  the  branches  of  the  sciatic  artery. 

330.  TRICEPS  ROTATOR  FEMORIS  (fig.  S86)  consists  of  two  extrapelvic 

slips,  the  gemelli,  which  lie  on  each  side  of 
the  tendon  of  the  central  or  intrapelvic  head, 
the  obturator  internus.  They  are  all  inserted 
by  a  common  tendon. 

Gemellus  Superior  arises  from  the  upper 
and  outer  margin  of  the  cartilage-clad  floor 
of  the  lesser  sciatic  notch,  and  from  the 
base  of  the  spine  of  the  ischium.  A  small 
interspace  separates  its  upper  edge  from  the 
gluteus  minimus. 

Gemellus  inferior,  larger,  arises  from 
the  line  which  separates  the  cartilage-covered 
area  of  the  lesser  sciatic  notch  from  the  tuber 
ischii.  These  two  are  inserted  into  the 
hinder  surface,  and  upper  and  lower  edges 
respectively,  of  the  obturator  tendon,  which  is  brought  into  view  when  they  are 
separated  from  it.  Parallel  to  the  lower  border  of  the  gemelhos  inferior  and 
above  the  edge  of  the  obturator  externus,  the  investing  fascia  of  both  muscles 
is  attached  to  the  back  of  the  capsule  of  the  hip-joint,  and  forms  the  ischio- 
femoral accessory  ligament. 

Obturator  internus  arises  within  the  pelvis  from  the  hinder  border  of  the 
pubic  ramus,  from  the  inner  half  of  the  obturator  membrane,  from  the  ischio- 
pubic  rami,  and  from  the  pelvic  surface  of  the  ilium  below  the  ilio-pectineal 
line.  Its  fibres  converge  to  a  tendon  which  passes  round  the  trochlear, 
cartilage-covered  surface  of  the  ischium  at  the,  lesser  sciatic  notch,  emerging 
from  which  it  runs  between,  and  is  overlapped  by,  the  gemelli,  and  is  inserted 
into  the  trochanteric  fossa  (p.  172)  of  the  femur  below  and  a  little  in  front  of 
the  tendon  of  pyriformis  to  which  it  is  often  joined. 

The  extreme  fibres  of  origin  converge  towards  the  sciatic  notch  at  an  angle  of  90°,  the 
hindmost  fascicles  descending  parallel  to  the  edge  of  the  greater  sciatic  notch,  while  the  lowest 
run  parallel  to  the  tuber  ischii.  A  layer  of  fat  separates  the  fibres  from  the  hinder  half  of  the 
obturator  membrane.  The  intrapelvic  muscle  and  the  extrapelvic  tendon  form,  with  each 
other,  an  angle  of  700,  and  the  plane  of  the  resultant  is  horizontal.  The  fibres  from  the 
ilium,  those  from  the  wall  of  the  obturator  canal,  those  from  the  ischio-pubic  ramus,  and  those 
from  the  tuber  ischii,  converge  each  to  a  separate  tendon,  and  these  four  or  five  tendons  run 
side  by  side,  connected  by  a  superficial  web  of  muscle,  but  separated  by  grooves.  These 
slips  are  moulded  on  the  cartilaginous  surface  of  the  lesser  sciatic  notch  which  is  lined  by  a 
bursa,  and  its  cartilage  is  marked  by  sharp  ridges,  which  fit  into  the  grooves  of  the  tendon. 
To  see  this,  the  tendon  should  be  divided  and  reflected.  Its  nerve  has  been  already  seen, 
and  its  vessels  are  derived  from  the  obturator  artery  above.  The  full  dissection  of  this 
muscle  cannot  be  seen  until  the  contents  of  the  pelvis  have  been  dissected.  Outside  the 
pelvis  the  triceps  rotator  is  crossed  by  the  sciatic  nerves  and  vessels,  and  lies  on  the  hip-joint, 
and  the  nerve  to  the  quadratus  femoris.  Inside  the  pelvis  it  is  covered  by  a  proper  sheath 
(obturator  fascia),  which,  in  the  adult,  becomes  fused  above  the  origin  of  the  levator  ani  with 
the  pelvic  fascia.  This  fascial  sheath  is  attached  below  to  the  falciform  edge  of  the  great 
sciatic  ligament  which  it  strengthens  anteriorly.  The  obturator  is  a  specialised  portion  of 
the  same  great  sheet  as  the  pyriformis,  and  is  represented  in  the  upper  limb  by  the  upper 
portion  of  the  subscapularis  muscle. 

331.  QUADRATUS  FEMORIS,  a  short,  thin,  transverse  muscle,  arises  by 
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short  tendinous  fibres  from  the  outer  edge  of  the  tuber  ischii  outside  the  origin 
of  the  semimembranosus,  and  is  inserted  into  the  vertical  line  leading  down- 
wards from  the  tubercle  on  the  posterior  inter-trochanteric  line,  as  far  as  the 
upper  border  of  the  insertion  of  the  adductor  magnus,  to  which  its  lower 
border  is  parallel.  Its  upper  border  is  below  and  parallel  to  the  gemellus 
inferior,  with  which  it  co-opei'ates  in  rotating  the  femur  outwards  and 
adducting  it. 

Under  the  fat  which  lies  beneath  its  upper  border  is  the  tendon  of  the  obturator  externus, 
while  beneath  its  lower  edge  is  the  terminal  branch  of  the  internal  circumflex  artery  (p.  492), 
and  when  this  border  is  separated  from  the  upper  edge  of  the  adductor  magnus,  the  lesser 
trochanter,  the  psoas  tendon  and  its  bursa  appear.  It  is  covered  by  the  gluteus  maximus, 
sciatic  nerves  and  vessels,  and,  at  its  origin,  by  the  semimembnxnosus.  It  lies  on  the  obturator 
externus,  the  internal  circumflex  artery,  and  its  terminal  branches.  The  quadratus  femoris 
is  a  segmentation  of  the  great  adductor  group  of  muscles,  and  its  nerve  is  derived  from  the 
fifth  lumbar,  and  comes  off  from  the  great  sciatic  (p.  476).  It  represents  the  coraco- 
brachialis  brevis  of  the  upper  limb. 


Circumflex  iliac  glands 


Sup.  ext.  femoral  gland. 


External  cutaneous  nerve, 


Epigastric  gland. 

Cribriform  fascia    icith    scrotal 
and  penial  glands. 

Ilio-inguinal  nerve. 
— -  Int.  femoral  gland. 
—  Inferior  ext.  femoral  gland. 

Genito-crural  nerve. 

Internal  femoral  cutaneous  vein. 
Middle  rutaneous  nerve. 


Int.  cutaneous  nerve. 


Fig.  589. — The  front  of  the  thigh,  showing  the  saphenous  opening  and  the  cutaneous  nerves, 

and  inguinal  lymphatic  glands. 

Dissection, — Divide  this  muscle  along  its  line  of  origin  and  reflect  it,  clean  the  end  of 
the  internal  circumflex  arteiy  (§  353),  which  here  divides  into  two  branches,  one  ascending 
outwards  beneath  this  muscle  to  the  digital  fossa  to  join  the  deep  gluteal  and  sciatic  arteries, 
the  other  ending  in  the  crucial  anastomosis.  The  obturator  externus  (§  356)  is  a  muscle  of  the 
adductor  group,  and  will  be  examined  later.  Examine  the  sciatic  ligaments  (p.  169)  and 
notches,  and  then  divide  the  gluteus  minimus  tendon,  and  remove  this  muscle  from  the  ilinm. 
Clean  the  origins  of  the  hamstrings  at  the  tuber  ischii.  The  biceps  is  the  most  superficial  of 
these,  and  its  origin  can  be  traced  over  the  tuberosity  into  the  great  sciatic  ligament.  It  was 
primarily  a  caudo-crural  muscle,  but  the  shortening  of  the  tail  and  the  widening  of  the 
pelvis  in  man  have  caused  its  tendon  of  origin  to  be  strained  over  the  tuber  ischii,  to  which 
it  has  consecpaently  contracted  a  secondary  attachment.  The  main  body  of  the  greater 
sciatic  ligament  is  derived  from  this  part  of  the  biceps  tendon  with  its  sheath,  which  is 
strengthened  by  receiving  the  attachments  thereto  of  the  gluteal  and  obturator  fasciae. 
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The  semitendinosus  arises  from  the  tuber  on  the  inner  side  of  the  biceps  and  from  that 
tendon.  The  semimembranosus  arises  from  the  ischial  surface  above  and  external  to  these, 
but  its  tendon  at  once  crosses  to  the  inner  side  anterior  to  the  others.  Their  further 
dissection  is  described  in  §§  365-367. 

If  time  and  the  mutual  arrangements  of  dissectors  suit,  the  dissection  of  the  popliteal 
space  may  next  be  proceeded  with  (§  364)  while  the  body  is  on  its  face. 

Before  turning  the  body,  stitch  together  the  cut  ends  of  the  greater  sciatic  nerve. 

332.  THE  FRONT  OF  THE  THIGH.— The  body  is  to  be  turned  on  its  back,  with  a 

block  under  the  loins,  and  the  legs  extended,  abducted,  and  rotated  outwards. 

Dissection. — Divide  the  skin  along  Poupart's  ligament,  and  carry  the  imier  end  of  the 
incision  backwards  along  the  side  of  the  scrotum,  and  then  downwards  along  the  inner  side 
of  the  thigh  for  about  15  cm.  Make  then  a  second  transverse  incision  outwards  across  the 
thigh  and  reflect  the  flap  of  skin  outwards.  The  skin  is  tied  by  radiating  fibres  to  the 
fascia  along  Poupart's  ligament',  over  the  pubes,  and  at  the  great  trochanter.  The  subjacent 
superficial  fascia  is  thick,  laminated,  and  fatty,  containing  in  it  the  superficial  vessels  and 
nerves  of  the  thigh.     It  is  attached  to  the  fascia  lata  along  Poupart's  ligament. 
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Superficial  Femoral  Vessels. — Descending  from  the  abdominal  wall  are 
two  small  veins,  the  superficial  circumflex  iliac  near  the  superior  iliac  spine,  and 
the  superficial  epigastric  which  descends  from  near  the  umbilicus ;  these  con- 
verge as  they  enter  the  thigh  and  join  the  large  saphena  vein  (p.  500),  which 
ascends  from  the  rete  dorsale  venosum  on  the  foot,  enclosed  in  fat  along  the 
inner  side  of  the  leg  and  thigh.  Near  the  groin  this  saphena  vein  also  receives 
an  external  femoral  CUtaneOUS  vein  from  the  outside  of  the  thigh  (fig.  589), 
and   an   internal   femoral    CUtaneOUS    from    the    skin    over   the    adductor 
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muscles.  Having  received  these  and  the  superficial  abdominal  and  external 
pubic  veins,  it  sinks  through  an  opening  in  the  deep  fascia  to  be  subsequently 
described. 

Accompanying  these  veins  are  arteries  of  much  smaller  size,  branches  of  the 
femoral  (p.  485),  named  respectively  superficial  circumflex  iliac,  superficial 
epigastric,  pubic,  and  saphenous  arteries. 

Embedded  in  the  fat  of  the  groin  around   these  vessels  are  about  eight 

inguinal  lymphatic  glands.    Two  of  these  (femoral  glands)  are  long  and 

fusiform,  lying  one  on  the  inner  and  one  along  the  outer  side  of  the  saphena 
vein,  and  receiving  the  lymphatics  from  the  front  and  inner  sides  of  the 
thigh.  About  twelve  large  vessels  enter  these  below,  and  four  emerge  above. 
A  superior  external  femoral  gland  lies  farther  outwards  above  the  end 
of  the  external  femoral  cutaneous  vein,  receiving  the  lymphatics  of  the 
outside  of  the  thigh.  The  iliac  gland  lies  on  the  circumflexa  ilii  artery, 
and  receives  the  lymphatics  of  the  iliac  crest  and  flank.  The  epigastric 
gland,  external  to  its  artery,  receives  the  cutaneous  abdominal  lymphatics  ; 
and  three  pubic  glands,  usually  rounded  in  shape,  receive  the  penial  and 
scrotal  lymphatics  internally.  The  ascending  branches  from  all  these  dip 
through  the  fascia  beside  the  saphena  vein ;  a  small  branch  of  the  nearest 
artery  enters  each  gland  (fig.  589). 

Superficial  Nerves. — External  to  the  saphena  vein  the  cutaneous  branches 
of  the  genito-crural  nerve  become  superficial  and  descend  to  the  skin  of  the 
thigh  (p.  467).  Outside  this,  and  in  a  line  below  the  superior  iliac  spine, 
the  external  cutaneous  nerve  pierces  the  fascia ;  while  the  middle  cutaneous 
nerve  becomes  superficial  about  10  cm.  below  the  middle  of  Poupart's  ligament. 
Close  to  the  pubes  the  femoral  branches  of  the  ilio-inguinal  are  distributed,  the 
areas  of  distribution  of  each  nerve  being  shown  in  the  diagram  (fig.  591). 

333.  DISSECTION. — Having  found  these  nerves,  remove  from  below 
upwards  the  superficial  fascia  from  the  surface  of  the  subjacent  fascia  lata. 
The  saphena  vein  sinks  through  the  deep  fascia  above  a  sharp  crescentic  edge 
of  that  membrane  (fig.  589).  The  inner  end  of  this  crescent  is  lost  in  the 
fascia  lata  over  the  adductor  muscles.  The  outer  end  can  be  traced  upwards 
towards  Poupart's  ligament  by  cutting  a  number  of  irregular  fibrous  threads 
attached  to  it,  so  as  to  make  an  artificial  border ;  at  its  upper  part  this  extends 
inwards  over  the  saphena  vein  to  be  attached  to  the  under  side  of  Poupart's 
ligament,  and  into  the  inner  end  of  the  ilio-pectineal  line.  This  factitious 
outer  border  is  named  the  falciform  process  of  the  fascia  lata,  and  its  upper 
prolongation  inwards  is  sometimes  called  Hey's  ligament. 

The  opening  thus  artificially  defined  is  called  the  saphenous  opening,  and 
appears  oval,  with  its  long  axis  nearly  vertical.  The  fascia  bounding  it  on  its 
inner  side  is  the  pectineal  portion  of  the  fascia  lata;  the  outer  border  defined 
by  the  knife  is  the  falciform  process  of  the  fascia  lata ;  below  it  is  bounded  by 
the  fascial  Crescent,  above  by  Hey's  ligament.  The  filaments  of  connective 
tissue  which  were  attached  to  the  falciform  process,  surround  the  vessels 
which  traverse  the  saphenous  opening,  and  become  lost  internally  in  the  super- 
ficial fascia  over  the  pectineal  portion  of  the  fascia  lata.  This  indefinite 
structure  is  called  the  Cribriform  fascia.  The  vessels  which  go  through  the 
holes  of  this  sieve  are  the  superficial  abdominal  arteries  above  named  except 
the  pubics,  and  sometimes  their  veins,  the  lymphatics,  and  the  saphena  vein. 

The  saphenous  opening  is  important,  as  through  it  a  femoral  hernia  bulges  when  it 
becomes  complete. 

Gimbernat's  Ligament. — Dissect  off  the  upper  prolongation  of  the  falci- 
form process  from  the  lower  border  of  Poupart's  ligament.  From  the  attachment 
of  that  ligament  to  the  spine  of  the  pubis  a  triangular  expansion  is  continued 


482 


FEMORAL    SHEATH. 


backwai-ds  and  outwards  for  2  cm.  along  the  ilio-pectineal  line.  This  shelf-like 
horizontal  process  is  Gimbemat's  ligament ;  it  presents  a  crescentic  outer  edge 
towards  the  femoral  vessels  (p.  170,  fig.  261). 

334.  FEMORAL  SHEATH.— When  the  falciform  process  of  the  fascia  lata 
is  raised  from  the  subjacent  vessels,  they  appear  still  invested  by  a  distinct 
fibrous  envelope,  the  femoral  sheath,  the  margins  of  which  can  be  easily  isolated 
below  Poupart's  ligament  by  scraping  with  the  handle  of  the  knife.  It  consists 
of  a  firm  fibrous  layer  in  front  of  the  vessels  continuous  through  the  crural  arch 
with  the  fascia  transversalis  (§  243).  The  layer  which  lies  beneath  the  vessels 
is  continuous  above  with  the  fascia  iliaca,  and  below  with  the  pectineal  portion 
of  the  fascia  lata.  These  two  layers  are  joined  together  both  external  and 
internal  to  the  vessels.     In  this  femoral  sheath  there  are  three  compartments — 

an  outer,  containing  the  femoral  artery,  a  middle, 
containing  the  femoral  vein,  and  an  internal 
smaller,  containing  the  ascending  lymphatic 
trunks  and  usually  a  small  lymphatic  gland 
(fig.  592).  These  three  compartments  are  sepa- 
rated from  each  other  by  strong  septa.  As  the 
lymphatics  only  enter  the  sheath  at  the  level  of 
the  saphenous  opening,  the  third  compartment 
is  only  traceable  downward  into  the  thigh  for 
1  cm.  This  lymphatic  compartment  is  closed 
above   by  a  thick    layer   of  the    sub-peritoneal 

areolar  tissue,  called  the  septum  crurale  in- 
ternum, which  is  pierced  by  the  ascending 
lymphatics. 


Fig.  592. — Scheme  of  the  femoral 
sheath, seen  above  as  cut  through 
behind  Poupart's  ligament;  seen 
below  on  its  anterior  surface — 
A,  arterial  compartment;  V, 
venous;  L,  lymphatic  compart- 
ment or  femoral  ring. 


In  the  female,  although  the  archway  beneath  Poupart's 
ligament  is  not  larger  than  in  the  male,  yet  on  account 
of  the  smaller  muscles  and  weaker  fascia?,  this  third 
canal  has  weaker  boundaries,  and  into  it  a  portion  of 
intestine  may  be  forced,  constituting  a  femoral  hePnia. 
The  lymphatic  compartment  of  the  sheath  has,  therefore, 
a  certain  surgical  importance,  and  is  called  the  CPUral  canal,  having  the  process  continued 
downwards  from  the  transversalis  fascia  in  front,  the  pectineal  portion  of  fascia  lata  (which 
is  continuous  above  with  the  fascia  iliaca)  behind,  the  union  of  these  two  internally,  and  the 
septum  which  divides  it  from  the  vein  externally.  The  opening  whereby  this  crural  canal 
communicates  with  the  abdominal  cavity  is  called  the  femoral  ring" ;  it  can  be  shown 
from  the  abdomen  by  removing  the  peritoneum  and  septum  crurale  from  the  inferior  digital 
fossa  (p.  386)  which  is  opposite  the  top  of  the  canal,  or  it  may  be  shown  from  below  by 
opening  the  front  of  the  canal  and  pushing  the  finger  upwards  into  the  abdomen.  This  ring 
is  bounded  in  front  by  the  crural  arch  and  fascia  transversalis,  behind  by  the  fascia  iliaca, 
internally  by  the  edge  of  Gimbernat's  ligament,  externally  by  the  partition  which  separates  it 
from  the  vein.  A  hernia  lying  in  this  canal  is  covered  by  (1)  skin,  (2)  superficial  fascia,  (3) 
cribriform  fascia,  and  (4)  the  front  wall  of  the  sheath;  it  has  also  pushed  before  it  (5)  an 
expansion  from  the  septum  crurale  over  (6)  its  peritoneal  sac.  Such  a  hernia  is,  however, 
liable  to  burst  through  the  front  wall  of  the  sheath,  where  it  is  weakened  by  the  entrance 
of  the  lymphatic  trunks,  and  to  burrow  through  the  cribriform  fascia ;  and  as  this  is  insepar- 
able internally  and  below  from  the  superficial  fascia,  the  fundus  of  a  complete  femoral  hernia 
must  needs  follow  the  line  of  least  resistance  and  turn  upwards  and  inwards  over  Poupart's 
ligament  and  the  pubic  spine.  In  such  a  case  it  is  only  covered  by  the  first,  second,  fifth,  and 
sixth  of  the  structures  just  enumerated.  Tightness  of  the  ring  may  cause  strangulation  of  a 
hernia,  and  this  can  usually  be  relieved  by  dividing  the  edge  of  Gimbernat's  ligament 
where  it  joins  Poupart's. 

Dissection. — Divide  the  skin  down  the  middle  of  the  thigh  to  the  level  of  the  tubercle 
of  the  tibia,  and  there  cut  it  transversely,  reflecting  it  in  two  lateral  flaps.  In  the  superficial 
fascia  thus  exposed  trace  downwards  the  external  cutaneous,  the  genito-crural,  and  the 
middle  and  internal  cutaneous  nerves. 

335.    EXTERNAL   CUTANEOUS   NERVE. -This    nerve,  whose  origin 
from  the  posterior  division  of  the  second  lumbar  has  been  already  described 
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(p.  467),  descends  over  the  iliacus  and  the  deep  circumflex  iliac  artery,  and 
passes  beneath  Poupart's  ligament,  lying  for  a  short  distance  (5  cm.)  in  a  canal 
of  fascia  lata,  out  of  which  it  sends  backwards  its  CUtaneOUS  gluteal  branch 
(fig.  584,  6).  Becoming  superficial  it  descends  over  the  extensor  muscles  and 
supplies  the  skin  of  the  outside  of  the  thigh  as  far  as  the  knee,  over  which  it 
sends  a  branch  to  the  patellar  plexus  (fig.  589). 

336.  THE  MIDDLE  CUTANEOUS  NERVE  has  arisen  from  the  anterior 
crural  above  the  crural  arch  (p.  467),  either  as  two  parallel  cords  or  as  a  short 
common  stem  which  divides  at  once  into  two  cords,  the  outer  of  which  pierces 
and  supplies  the  sartorius  muscle,  and,  becoming  cutaneous  in  the  middle  third 
of  the  thigh,  supplies  the  skin  as  far  as  the  knee.  The  inner  branch  becomes 
superficial  at  a  point  higher  up  on  the  thigh,  and  supplies  the  skin  internal 
to  the  area  of  distribution  of  the  last  above  the  patella,  internal  to  which  it 
sends  branches  to  join  the  succeeding  nerves. 

337.  THE  INTERNAL  CUTANEOUS  NERVE  is  a  group  of  two  or  three 
small  nerves  from  the  anterior  crural,  sometimes  united  into  a  single  cord. 
One  of  these  pierces  the  fascia  lata  close  to  the  saphena  vein  at  the  middle 
third  of  the  thigh,  and  descends  with  that  vein ;  the  second  pierces  the  fascia 
at  the  lower  third  of  the  thigh,  and  sends  branches  downwards  and  outwards  to 
the  inner  side  of  the  patella  and  of  the  tibial  tubercle.  The  largest  of  these 
branches  joins,  below  the  patella,  with  branches  of  the  middle  and  external 
cutaneous,  making  the  subcutaneous  patellar  plexus.  The  SUpePiOP  CU- 
taneoUS  branch  of  the  obturator  nerve  joins  the  internal  cutaneous  at  the 
edge  of  the  adductor  longus,  and  is  traceable  down  to  this  plexus,  which  is 
joined  by  a  branch  of  the  long  saphenous  nerve.  The  upper  branch  of  the 
internal  cutaneous  is  often  connected  with  the  nerve  to  the  pectineus  (p.  467). 

338.  PREPATELLAR  BURS^.—  Between  the  skin  and  the  superficial 
fascia  at  the  lower  edge  of  the  patella  there  is  often  a  subcutaneous  bUPSa 
of  small  size.  Beneath  the  superficial  fascia  and  over  the  fascia  lata  there  is 
always  a  large  intepfascial  bursa  intersected  by  smooth  fibrous  bands  extend- 
ing downwards  over  the  upper  part  of  the  patellar  ligament.  Still  deeper, 
between  the  deep  fascia  and  the  front  of  the  bone,  there  is  a  layer  of  lax 
connective  tissue,  and  sometimes  a  third  or  deep  subfascial  bursa  (figs.  277, 
285). 

These  bursas  appear  in  foetal  life,  and  they  vary  in  size  in  persons  of  different  occupation, 
being  often  large  iu  housemaids,  carpet-nailers,  &c,  often  communicating  with  each  other. 
Dissection. — Remove  the  superficial  fascia  and  clean  the  underlying  deep  fascia. 

339.  THE  FASCIA  LATA  is  a  strong  fibrous  membrane  consisting  of  an 
outer  stratum  of  oblique  or  nearly  transverse  fibres  and  a  deeper  of  longitudinal. 
It  is  attached  above  to  the  iliac  crest,  being  a  continuation  forwards  of  the 
gluteal  fascia,  but  is  continuous  with  Poupart's  ligament,  and  extends  upwards 
therefrom  as  Scarpa's  fascia  on  the  abdomen  (fig.  503).  It  is  attached 
internally  to  the  ilio-pectineal  line  (along  which  it  is  continuous  with  the  fascia 
iliaca)  to  the  pubic  crest  and  ilio-pubic  ramus,  along  which  it  is  connected  to 
the  deep  perineal  (Colles's)  fascia.  It  is  pierced  by  the  saphenous  opening  (cf. 
hiatus  semilunaris  brachii — p.  282)  and  by  the  cutaneous  nerves,  and  sends 
in  to  the  linea  aspera  three  intermuscular  septa  separating  respectively  the 
extensors,  flexors,  and  adductors  from  each  other. 

Along  the  outer  side  of  the  thigh  a  special  strip  of  the  longitudinal  fibres  of 
the  fascia  is  strengthened  by  receiving  fibres  from  the  tendons  of  the  gluteus 
maximus  and  from  the  tensor  fascice  femoris,  and  this  flat  band  descends  to  the 
knee,  and  is  inserted  into  the  external  tuberosity  of  the  tibia.  This  band  is 
called  the  ilio-tibial  ligament,  and  its  fibres,  when  traced  upwards,  divide 
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into  two  strata,  a  superficial  overlying  the  tensor  fascice  fenwris  muscle,  and ' 
attached  to  the  lower  lip  of  the  outermost  part  of  the  iliac  crest  over  the  gluteus 
medius  •  and  a  deeper  attached  to  the  inferior  iliac  spine  behind  and  external 
to  the  rectus  and  iliacus  and  to  the  great  trochanter, 
sheathing  the  upper  part  of  the  vastus  externus.  It  is 
an  important  factor  in  maintaining  the  upright  position 
of  the  body. 

Remove  the  fascia  lata  from  the  surface  of  the  tensor  fascice 
muscle  below  the  iliac  crest. 

340.  TENSOR  FASCLE  FEMORIS  (fig.  593,  8), 
lying  on  the  outer  margin  of  the  upper  third  of  the 
thigh,  arises  from  the  anterior  2  cm.  of  the  iliac  crest, 
and  from  the  surface  of  the  fascia  which  underlies  it. 
It  descends,  enclosed  between  two  layers  of  fascia,  and 
expands  below,  to  be  inserted  into  the  fascia  lata 
about  10  cm.  below,  and  on  a  plane  in  front  of  the 
great  trochanter.  It  lies  between  the  gluteus  medius 
behind  and  the  iliacus  in  front,  and  is  pierced  behind 
at  its  middle  third  by  the  terminal  branch  of  the 
superior  gluteal  nerve  (4  and  5  I.)  which  supplies  it. 
It  receives  branches  from  the  deep  gluteal  and  external 
circumflex  arteries.  It  makes  tense  the  fascia  lata, 
and  can  flex  and  rotate  inwards  the  thigh,  and  through 
the  ilio-tibial  band  can  maintain  the  knee  in  the 
extended  position.  It  corresponds  to  the  acromial 
deltoid  of  the  upper  limb. 

Dissection. — Divide  the  fascia  over  the  sartorius  muscle 
and  clean  its  surface  as  far  as  its  insertion  into  the  tibia. 

341.  SARTORIUS  (fig.  593),  the  longest  muscle  in 
the  body,  arises  from  the  anterior  face  of  the  superior 
iliac  spine  and  from  a  small  portion  of  the  ridge  below 
it.  It  descends  as  a  flat  ribbon-like  band  whose  cross- 
section  is  nearly  equal  throughout,  at  first  downwards 
and  inwards,  then  downwards  and  backwards,  then 
directly  downwards,  and  at  last  dowmvards  and  out- 
wards, becoming  tendinous  below  the  knee-joint,  and 
inserted  by  a  concavely-margined  tendon  into  an  oblique 
line  on  the  tibia  below  and  internal  to  the  tubercle. 


13- 
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Fig.  593. — Muscles  on  the 
front  of  the  thigh — I, 
psoas;  2,  iliacus;  3, 
pectineus;  4,  adductor 
longus;  5,  adductor 
brevis;  6,  gluteus 
medius;  7,  gracilis;  8, 
tensor  f ascife  f emoris ; 
9,  sartorius;  10,  rectus 
femoris;  11,  vastus  in- 
terims; 12,  vastus  ex- 
ternus; 13,  wall  of  pre- 
patellar bursa;  14, 
patella;  1 5 ,  ligamentum 
patella?. 


It  is  covered  only  by  skin  and  fascia,  pierced  by  part  of  the 
middle  cutaneous  nerve  with  which  its  own  nerve  of  supply  from 
the  anterior  crural  (third  lumbar)  usually  enters  it.  From  above 
downwards  it  crosses  over  the  iliacus,  rectus,  anterior  crural 
nerve,  the  femoral  vessels,  pectineus,  adductors  longus  and  magnus, 
vastus  interims,  the  inner  side  of  the  knee- capsule,  and  the  inner 
side  of  the  tibia.  It  is  enclosed  in  a  sheath  of  fascia  lata. 
As  it  descends  behind  the  knee,  the  saphena  vein  and  nerve  lie 
along  its  posterior  border,  and  its  termination  lies  anterior  and 
superficial  to  the  tendons  of  gracilis  and  semitendinosus.  Its 
action  is  complex,  flexing  the  hip  and  abducting  it,  rotating 
the  leg  a  little  inwards  at  the  knee,  and  so  co-operating  with 
the  gracilis  and  semitendinosus  to  undo  the  outward  locking 
rotation  of  the  knee  preparatory  to  flexion  (p.  191).     Sartorius 

is  the  equivalent  of  the  dorsi-epitrochlearis  of  the  upper  limb,  and  is  a  segmentation  from 

the  extensor  mass  of  muscles  (p.  290). 

Dissection. — Remove  the  fascia  lata  from  the  front  of  the  thigh  and  clean  the  underlying 

parts.     From  the  deeper  layer  of  the  fascia  at  the  knee  fibres  pass  to  each  side  of  the  patella 
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from  the  femoral  condyles,  forming  superficial  retinaeula  for  the  patella.      Expose  the 
surface  of  the  adductor  longus  muscle,  and  open  the  sheath  of  the  femoral  vessels. 

342.  SCARPA'S  TRIANGLE.— At  the  upper  part  of  the  thigh  is  a  tri- 
angular space  whose  base  is  formed,  by  Poupart's  ligament,  its  outer  side  by  the 
^artorius,  its  inner  by  the  adductor  longus.  The  floor  of  the  space  consists  of 
the  pectineus,  occasionally  a  small  part  of  the  adductor  brevis,  the  adductor 
longus,  the  tendon  of  the  psoas,  and  the  iliacus.  Between  the  two  last  named 
the  anterior  crural  nerve  descends  ;  and  lying  on  the  pectineus  and  adductor 
longus  are  the  femoral  vessels,  which  should  next  be  exposed. 

343.  FEMORAL  ARTERY,  the  continuation  of  the  external  iliac  (§  286), 
commences  on  the  ilio-pubal  eminence.  Its  course  may  be  divided  into  two 
stages — that  in  Scarpa's  triangle  and  that  in  Hunter's  canal.  In  its  first  stage 
it  descends  to  the  apex  of  the  triangle,  and  is  only  covered  by  skin,  superficial 
fascia,  the  femoral  lymphatics,  the  fascia  lata,  and  the  anterior  layer  of  the 
femoral  sheath.  It  lies  upon  the  ilio-pubal  eminence,  the  psoas  tendon,  the 
•capsule  of  the  hip-joint,  and  the  nerve  to  the  pectineus  muscle ;  but  its  own 
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Fig.  594. — Scheme  of  left  femoral  artery. 

vein,  its  own  branch  the  profunda  and  the  profunda  vein,  as  well  as  the 
pectineal  portion  of  the  fascia  lata,  are  interposed  between  it  and  the  pectineus 
muscle.  At  the  apex  of  the  space  it  lies  on  the  adductor  longus.  The  iliacus 
muscle  and  anterior  crural  nerve  lie  external  to  it;  and  its  own  vein  lies  at  first 
internal,  but  at  the  apex  of  the  space  is  posterior  to  it. 

The  branches  arising  from  the  femoral  artery  in  Scarpa's  triangle  are  (1) 
Superficial  epigastric,  which  pierces  the  sheath  to  ascend  on  the  abdominal 

wall  (§§  234  and  332);  (2)  superficial  circumflex  iliac  (ib.);  (3)  superior 

pubic,  which  runs  inwards  to  be  lost  in  the  suprapubic  fat ;  (4)  the  inferior 
pubic  is  an  inconstant  branch  arising  lower  down  and  running  inwards  under 
the  fascia  lata  to  supply  the  skin  covering  the  spermatic  cord  and  the  side  of 
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the  scrotum  ;  (5)  saphenous,  one,  two,  or  three  branches  descending  to  the 
skin  and  lymphatic  glands  external  to  the  saphena  vein.  (6)  Profunda 
femoris,  a  very  large  branch,  arises  about  4  cm.  below  Poupart's  ligament 
from  the  outer  and  deep  surface  of  the  femoral  trunk.  It  descends  at  first 
outwards  and  downwards,  then  downwards  and  inwards,  crossing  beneath  the 
femoral  artery,  from  which  it  is  separated  by  the  femoral  and  profunda  veins 
(§  353)*  (7)  Near  the  apex  of  Scarpa's  triangle  the  femoral  artery  gives  off 
muscular  branches  to  the  rectus  femoris  and  to  the  sartorius. 

The  portion  of  the  femoral  above  the  profunda  is  the  common  femoral ;  the 
portion  below  is  the  superficial  femoral. 

344.  HUNTER'S  CANAL. — On  raising  the  sartorius  in  the  middle  third 
of  the  thigh  a  fascia  appears  beneath  it,  consisting  of  oblique  fibres  stretching 
downwards  and  outwards  from  the  surface  of  the  adductor  tongas  to  that  of  the 
vastus  internus.  This  sheath,  which  is  derived  essentially  from  the  adductors, 
being  a  degenerated  stratum  of  the  muscle,  gradually  strengthens  as  it  descends 
until  at  its  lowest  part  it  becomes  a  rounded  cord  attached  to  the  adductor 
tubercle  of  the  femur.  Divide  this  sheath  as  it  overlies  the  artery  as  far  as 
the  lower  third  of  the  thigh,  and  draw  apart  the  sides  of  the  canal.  Hunter's 
canal  appears,  when  thus  artificially  expanded,  as  a  three-sided  passage,  whose 
sharpest  angle  is  directed  backwards  and  outwards  along  the  linea  aspera,  whose 
anterior  and  outer  wall  consists  of  the  vastus  internus,  and  its  posterior  and 
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595. — Transverse  section  of  right  thigh  across  the  middle  of  Hunter's  canal. 


internal  wall  of  the  adductor  longus  aboA^e  and  adductor  magnus  below,  while  its 
base  is  the  fascia  just  described  under  the  sartorius.  At  its  lower  end  the 
artery  sinks  through  the  tendon  of  the  adductor  magnus  and  enters  the  popliteal 
space,  changing  its  name  and  becoming  the  popliteal  artery  (§  369).  In  this 
canal  the  femoral  vein  lies  behind  the  artery,  becoming  posterior  and  external 
below,  but  closely  tied  to  the  artery  by  a  firm  areolar  sheath.  In  its  whole 
course  the  femoral  artery,  from  lying  on  a  plane  anterior  to  the  femur,  has 
passed  to  the  level  of  the  inner  side  of  the  bone  at  the  apex  of  Scarpa's  triangle, 
and  recedes  still  more  in  Hunter's  canal,  until  finally  it  has  passed  behind  the 
level  of  the  bone  as  it  enters  the  popliteal  space  (fig.  595). 
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In  Hunter's  canal  the  superficial  femoral  artery  gives  off  (9)  muscular 
branches  to  the  boundary  muscles  of  the  canal,  and  close  to  its  lower  end  (10) 
the  anastomotica.  This  vessel  arises  from  its  front  and  inner  side,  and 
divides  at  once  into  a  superficial  and  a  deep  branch ;  the  former  pierces  the 
roofing  fascia  and  descends  with  the  saphena  vein  between  the  tendons  of 
the  sartorius  and  gracilis,  to  terminate  in  the  articular  rete  ;  the  deep  branch 
pierces  into  the  vastus  interims,  in  front  of  the  tendon  of  the  adductor  magnus, 
and  descending  to  the  inner  side  of  the  knee  ends  also  in  the  rete,  sending  a 
branch  across  the  femur  to  the  outer  side  of  the  bone. 

The  femoral  artery  can  be  felt  pulsating  in  Scarpa's  triangle.  Its  vasomotor  nerves, 
derived  from  the  anterior  crural,  descend  on  its  anterior  surface.  It  averages  8  mm. 
in  diameter.     For  the  homologies  of  these  vessels,  see  §  369. 

345.  THE  FEMORAL  VEIN,  whose  relations  to  its  artery  have  been  noted, 
receives  from  below  upwards  the  vense  comites  of  the  muscular  and  profunda 
branches,  and  at  the  saphenous  opening  it  receives  the  saphena  and  the  superficial 
abdominal  veins.  The  vein  possesses  three  pairs  of  valves,  and  is  alternately 
pressed  upon  and  relieved  from  pressure  during  the  action  of  the  adductor 
and  vastus  internus  muscles  in  walking,  and  is  thus  emptied  upwards  into  the 
external  iliac  vein  (§  292). 

346.  THE  ANTERIOR  CRURAL  NERVE  arises  from  the  dorsal  divisions 
of  the  lumbar  plexus  (§314),  and  descends  between  the  psoas  and  iliacus, 
emerging  between  them  under  Poupart's  ligament.  Before  leaving  the  abdomen 
it  has  given  off  three  branches  to  the  iliacus  muscle  (third  and  fourth  lumbar) ; 
the  vasomotor  nerve  to  the  femoral  vessels,  and  the  nerve  to  the  pectineus 
which  descends  inwards  behind  the  femoral  vessels ;  with  this  nerve  a 
cutaneous  filament  is  often  united,  and  in  this  case  the  stem  is  sometimes 
called  the  accessory  obturator  (§  314). 

Below  Poupart's  ligament  the  nerve  breaks  up  into  a  large  number  of 
branches,  which  surround  the  division  of  the  external  circumflex  artery.  Super- 
ficial to  this  artery  there  pass  the  middle  cutaneous  nerves,  the  branch  to  the 
sartorius  and  the  internal  cutaneous  nerves,  while  deeper  than  the  artery  there 
are  five  large  branches,  the  branch  to  the  rectus  femoris,  which  descends  and 
divides  into  two  or  three  as  it  enters  that  muscle  ;  the  branch  to  the  vastus 
externus  which  passes  beneath  the  rectus  and  along  the  front  edge  of  the  vastus, 
sending  branches  to  the  front  and  outer  edge  of  the  crureus.  Both  these 
branches  send  down  articular  branches  to  the  knee.  The  branch  to  the  crureus 
enters  that  muscle  on  its  inner  edge,  and  its  continued  trunk  will  be  subse- 
quently found  descending  along  the  margin  of  the  crureus  to  the  knee.  The 
branch  to  the  vastus  internus  lies  external  to  the  femoral  artery  in  Scarpa's 
triangle,  and  enters  Hunter's  canal,  sending  branches  along  its  whole  course  to 
supply  the  vastus  internus,  and  a  large  articular  twig  to  the  joint.  The  last 
branch,  the  saphenous  nerve,  descends  at  first  on  the  outside  of  the  femoral 
artery,  but  crosses  to  its  inner  side  in  Hunter's  canal,  which  it  leaves  below 
along  with  the  anastomotica  artery,  becoming  superficial.  As  it  descends  with 
the  saphena  vein  behind  the  sartorius  tendon,  it  gives  off  articular  and  patellar 
branches,  and  its  continued  trunk  will  be  found  in  the  leg,  supplying  the  skin 
on  the  inner  side  as  far  as  the  ball  of  the  great  toe.  This  nerve  represents  that 
portion  of  the  musculo-spiral  nerve  in  the  arm  which  derives  its  filaments  from 
the  fifth  and  sixth  and  part  of  the  seventh  cervical  nerves,  and  which  is 
distributed  in  the  arm.  The  part  representing  the  forearm  portion  of  the 
musculo-spiral  has  become  separated  as  the  peroneal  nerve  (§  375)- 

Dissection. — Divide  the  sartorius  at  its  upper  fourth  and  reflect  it  upwards  and  down- 
wards. Divide  also  the  tensor  faxcicn  femoris,  and  trace  the  fascia  underlying  it  which  forms 
the  deep  root  of  the  ilio-tibial  band.  Remove  the  fat  external  to  the  iliacus  muscle,  and 
expose  the  origin  and  course  of  the  rectus  muscle. 
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The  several  parts  of  the  extensor  muscles  of  the  thigh  are  more  clearly  differentiated  than 
are  the  corresponding  parts  of  the  triceps  extensor  in  the  arm,  and  exceed  the  flexors  in  bulk 
in  the  proportion  of  68  :  3 1 .  They  occupy  the  whole  surface  of  the  shaft  of  the  femur  except 
the  linea  aspera.     The  component  muscles  are  four,  which  form  collectively  the  quadriceps 

extensor  cruris. 

347.  RECTUS  FEMORIS  (tig.  593)  arises  by  two  tendinous  heads— one 
flatter,  smaller,  and  curved  from  an  impression  above  the  brim  of  the  acetabulum, 
below  the  gluteus  minimus;  the  other  larger  and  straighter  from  the  inferior  iliac 
spine.  These  heads  unite  at  an  angle  of  45°  to  form  a  narrow  triquetrous  tendon 
from  the  deep  surface  of  which  fleshy  fibres  arise.  The  tendon  of  origin  is  pro- 
longed in  front  of  the  muscle  for  the  upper  third,  rendering  smooth  its  surface 
where  the  sartorius  glides  over  it,  but  below  this  level  it  narrows  into  a  median 
tendinous  line.  The  muscular  fascicles  arising  therefrom  descend  in  two  lateral 
series,  diverging  at  an  angle  of  3 6°  from  each  other,  thereby  giving  a  bipenni- 
form  appearance  to  the  fusiform  belly  of  the  muscle,  each  fascicle  being  about 
o-2  of  the  entire  length  of  the  muscle.  The  posterior  fascicles  descend  vertically. 
The  tendon  of  insertion  begins  on  the  deep  surface  of  its  upper  fourth  as  a  flat 
lamella,  into  whose  surface  and  edges  the  fascicles  are  inserted.  Above  the 
patella  this  tendon  narrows  to  a  flat  band  into  the  margins  of  which  the  vasti 
tendons  are  inserted,  and  it  is  inserted  into  the  upper  edge  and  anterior  surface 
of  the  patella. 

The  nerve  from  the  anterior  crural  (3  I.)  enters  the  rectus  at  its  upper  third,  and  its 
arteries  are  from  the  external  circumflex  and  femoral.  It  is  superficial  below  the  level  at 
which  the  sartorius  crosses  it,  and  it  lies  on  the  iliacus  (which  is  also  internal  to  it),  the  deep 
origin  of  the  ilio-tibial  ligament,  the  branches  of  the  external  circumflex  artery  and  anterior 
crural  nerve,  and  the  crureus  muscle. 

Of  the  two  heads  the  acetabular  is  the  primary,  the  other  developes  early  in  the  third 
month  as  a  secondary  thickening  of  the  sheath,  owing  to  the  change  of  axis  of  the  limb  con- 
sequent on  the  assumption  of  the  capacity  of  full  extension  of  the  hip  and  knee.  The  muscle 
acts  chiefly  from  its  straight  head  when  the  hip  is  extended,  but  from  its  curved  head  when 
it  extends  the  knee  during  flexion  of  the  hip.  The  axis  of  the  rectus  being  oblique,  it  draws 
the  patella  upwards  and  outwards,  extending  the  knee  and  flexing  the  hip. 

Divide  the  rectus  in  the  upper  third  and  reflect  it.  Dissect  the  fascia  lata  from  the  outer 
surface  of  the  vastus  extemus  and  draw  that  muscle  forwards,  separating  it  as  far  as  possible 
from  the  external  intermuscular  septum.  The  division  of  the  remaining  part  of  the  extensor 
mass  into  its  parts  is  a  matter  of  some  difficulty,  as  the  vastus  extemus,  though  superficially 
separable  from  the  crureus,  is  fused  with  that  muscle  close  to  the  bone ;  while  the  vastus 
interims,  though  perfectly  separate  at  its  bony  origin,  is  inseparable  superficially  and  at  its 
insertion  from  the  cmireus.  Close  to  the  patella  these  muscles  may  be  dissected  apart,  and 
above,  the  nerve  to  the  crureus  dips  in  between  them,  so,  if  the  line  of  separation  be  carried 
artificially  through  the  muscle  from  the  patella  to  the  nerve,  it  will  be  seen  that  the  fusion 
of  these  muscles  is  only  on  the  surface,  and  that  a  bare  strip  of  bone  nearly  the  whole  length 
of  the  inner  edge  of  the  femur  separates  the  origin  of  the  vastus  internus  behind  from  that 
of  the  crureus  in  front,  while  along  the  inner  edge  of  the  origin  of  the  crureus  the  articular 
branch  of  the  nerve  to  the  crureus  is  continued  along  its  margin  down  to  the  knee-joint. 

Vastus  exterilUS  arises  by  a  tendinous  plane  from  the  ridge  at  the 
anterior  part  of  the  root  of  the  great  trochanter  extending  down  from  the 
tuberculum  colli  superius,  from  the  outer  edge  of  the  rough  gluteal  line,  and 
from  the  outer  lip  of  the  linea  aspera,  and  from  the  surface  of  the  bone 
immediately  external  to  it,  as  well  as  from  the  lower  half  of  the  external  inter- 
muscular septum.  Its  fibres  descend  from  this  tendon  forwards  at  an  angle  of 
about  20°  from  the  perpendicular,  to  be  inserted,  by  a  widely  expanded  tendon 
beginning  beneath  the  muscle,  into  the  outer  border  of  the  tendon  of  the  rectus, 
and  crureus  into  the  outer  edge  of  the  patella,  and  by  the  external  patellar 
ligament,  whereof  it  forms  the  largest  part,  into  the  outer  part  of  the  head  of 
the  tibia. 

Its  nerve  enters  along  its  anterior  edge  along  with  descending  branches  of  the  external 
circumflex  artery.  The  tensor  fascial  femoris,  rectus,  fascia  lata,  gluteus  maximus,  and 
infragluteal  bursa  cover  it. 
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CPUPGUS  (figs.  593,  595),  with  difficulty  separable  at  its  origin  from  the  last, 
arises  by  a  series  of  successive  fleshy  lamella?  from  the  front  and  outer  surface  of 
the  femur  as  far  inwards  as  the  long  articular  nerve.  Its  fascicles  soon  end  in  a 
superficial  tendon,  which  appears  first  on  the  outward  and  upper  part  of  the 
muscle,  and  is  inserted  into  the  upper  edge  of  the  patella  inseparable  from  the  vasti. 
Its  nerve  arises  along  with  that  to  the  vastus  extemus,  and  its  arteries  spring  from 
the  external  circumflex  and  femoral.  Its  lowest  lamella  often  misses  the  patella 
and  is  inserted  into  the  surface  of  the  synovial  pouch,  which  extends  from  the 
knee-joint  under  the  tendon  of  this  muscle  (the  SUbCFUPeal  DUFSa — fig.  277), 
and  which  always  communicates  with  the  knee-joint  in  the  adult  though 
originating  independently.  The  portion  of  this  muscle  thus  attached  to  the 
synovial  membrane  is  called  subcrureus,  and  is  supplied  by  filaments  which 
descend  in  the  long  articular  nerve,  but  it  is  rarely  differentiated  into  an 
independent  muscle.     The  crureus  underlies  the  rectus  and  overlies  the  bone. 

Vastus  intePnilS  arises,  narrow  above,  from  the  inner  lip  of  the  linea 
aspera  and  of  its  internal  prolongation  downwards,  and  from  the  septum 
between  it  and  the  adductors.  It  thickens  as  it  descends,  and  its  fibres  pass 
very  obliquely  (400),  to  be  inserted  into  the  inner  edge  of  the  tendons  of  the 
crureus  and  of  the  rectus,  and  into  the  inner  side  of  the  patella ;  none  of  the 
fibres  are  extended  into  the  internal  patellar  ligament,  but  the  fibres  of  the 
fascial  sheath,  descending  from  the  patella  to  the  inner  side  of  the  head  of  the 
tibia,  cross  its  fibres  obliquely.  In  extending  the  knee  it  draws  the  patella 
upwards  and  inwards.  It  is  fleshy  lower  than  any  other  part  of  the  quadriceps 
(fig-  285)- 

The  most  important  relations  of  the  vastus  interims  are  to  the  femoral  artery  and  vein, 
with  which,  as  the  outer  wall  of  Hunter's  canal,  it  is  in  contact.  It  is  overlapped  by  the 
.lartorivs,  and  its  upper  part  lies  deeply  buried  in  the  floor  of  Scarpa's  triangle  beneath  the 
femoral  vessels.  Its  nerve  descends  in  Hunter's  canal,  and  sends  a  succession  of  filaments 
into  the  muscle  on  its  inner  surface. 

The  ligamenta  patellaria  medium  et  externum  are  the  tendons  of  the  quadriceps  extensor 
muscle,  in  which  the  patella  is  a  sesamoid  bone.  The  resultant  of  the  whole  muscular  mass 
acts  in  a  line  joining  the  inferior  iliac  spine  to  the  middle  of  the  patella. 

Dissection. — Divide  the  femoral  artery  at  the  apex  of  Scarpa's  triangle  and  reflect  it. 
Remove  the  fascia  lata  from  the  adductor  group  of  muscles,  flex  the  knee,  and  abduct  the 
thigh. 

348.  GRACILIS  (fig.  593),  ribbon-like  and  superficial,  the  innermost  muscle 
of  the  thigh,  arises  by  a  thin  flat  tendon  from  the  lower  half  of  the  margin  of  the 
symphysis,  and  the  inner  edge  of  the  inferior  pubic  ramus.  This  soon  becomes 
fleshy  and  descends,  narrowing  and  thickening,  to  a  rounded  tendon,  which 
passes  over  the  internal  lateral  ligament  of  the  knee,  behind  the  sartorius,  and 
separated  therefrom  by  the  saphenous  vein  (which  is,  however,  over  the  fascia) 
and  nerve,  and  a  branch  of  the  anastomotica  artery.  It  is  inserted  into  the 
upper  part  of  a  small  oblique  line  on  front  of  the  tibia  below  its  head,  beneath 
the  tendon  of  the  sartorius,  and  above  that  of  the  semitendinosus. 

A  bursa  underlies  these  two  tendons.  The  muscle  is  covered  only  by  skin  and  fascia, 
and  below  by  the  sartorius  tendon ;  it  lies  on  the  adductors  brevis  and  magnus  and  the 
capsule  of  the  knee.  Its  nerve  is  a  branch  of  the  superficial  obturator,  and  its  arteries 
are  from  the  internal  circumflex  and  femoral.  This  muscle  co-operates  with  the  semi- 
tendinosus  in  rotating  the  leg  inwards  in  the  first  stage  of  flexion.  It  is  normally  unrepre- 
sented in  the  upper  limb,  its  homologue,  the  chondro-epitrochlearis,  being  a  rarely  present 
muscle  (p.  266). 

349.  ADDUCTOR  LONGUS  arises  by  a  narrow  tendon  from  the  front  of 
the  pubis  below  its  crest.  This  soon  becomes  fleshy,  and  descends  outwards 
and  backwards,  expanding  and  forming  the  inner  boundary  of  Scarpa's  triangle 
and  of  Hunter's  canal.  It  is  inserted  by  short  tendinous  fibres  into  the  internal 
intermuscular  septum  along  the  inner  lip  of  the  linea  aspera  for  its  lower  two- 
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thirds,  and  into  a  short  extent  of  the  internal  popliteal  line.  It  is  covered  by  the 
skin,  fascia,  sartorius,  and  femoral  vessels,  and  gives  off  from  its  anterior  surface 
the  fascial  roof  of  Hunter's  canal.  It  lies  on  the  adductors  brevis  and  magnus, 
from  which  it  is  separated  by  the  anterior  branch  of  the  obturator  nerve,  which 
supplies  it  (2  and  3  I.)  and  gives  off  the  vasomotor  filaments  to  the  profunda 
artery. 

The  cutaneous  branch  of  the  obturator  nerve  winds  round  its  inner  edge  to  join  the 
internal  cutaneous  nerve. 

Its  upper  border  is  parallel  to  the  edge  of  the  pectineus,  and  its  upper  fibres  are  '35  of  the 
length  of  the  lowest,  which  are  not  easily  separated  from  the  adductor  magnus.  Into  the 
adductor  longus  pass  arteries  from  the  femoral  and  profunda.  In  the  female,  the  edge  of 
the  next  muscle  usually  appears  in  the  floor  of  Scarpa's  triangle  between  this  and  the 
pectineus. 

Divide  the  tendon  of  origin  of  the  adductor  longus,  and  reflect  the  muscle  outwards. 

350.  ADDUCTOR  BREVIS  arises  from  the  front  of  the  ischio-pubic  ramus 
below  the  adductor  longus  and  pectineus,  internal  to  the  obturator  externus, 
external  to  the  gracilis,  and  above  the  adductor  magnus.  From  this  circum- 
scribed origin  it  descends,  expanding,  to  be  inserted  into  the  line  leading  from 
the  lesser  trochanter  to  the  linea  aspera,  and  into  the  upper  third  of  the  linea 
aspera.     Neither  this  nor  the  last  muscle  are  represented  in  the  upper  limb. 

It  is  usually  divided  into  two  parts  at  its  insertion  by  the  middle  perforating  artery,  and 
the  upper  of  these  is  inserted  by  a  thin  tendon,  under  the  upper  edge  of  which  there  is 
sometimes  a  bursa.  It  has  the  pectineus  (sometimes),  adductor  longus,  and  profunda  artery, 
with  the  anterior  branch  of  the  obturator  nerve  in  front,  and  it  lies  on  the  posterior  branch 
of  the  obturator  nerve,  which  supplies  it  (2  and  3  I. ),  the  adductor  magnus,  and  the  obturator 
externus.     From  the  last  it  is  separated  by  the  internal  circumflex  femoral  artery. 

351.  PECTINEUS  (fig.  596),  seen  by  drawing  the  common  femoral  artery 
outwards,  lies  external  to,  and  on  the  same  plane  as,  the  adductor  longus.     It 

arises  from  the  anterior  surface  of  the  ilio- 
pectineal  line  and  the  fascia  which  covers  it, 
and  glides  over  the  triangular  surface  below 
the  line,  descending  outwards,  to  become 
tendinous  as  it  is  inserted  into  the  line 
behind  the  lesser  trochanter  which  leads 
to  the  linea  aspera. 

It  is  a  quadrate,  often  bilaminar  muscle, 
especially  externally,  and  is  covered  by  the 
pectineal  portion  of  the  fascia  lata,  the  femoral 
and  profunda  vessels,  and  Gimbernat's  ligament. 
It  lies  upon  the  hip-capsule,  obturator  externus, 
adductors  brevis  and  magnus,  and  obturator  nerve. 
Externally  it  is  separated  from  the  psoas  by  the 
internal  circumflex  artery.  Its  nerve  from  the  an- 
terior crural  (3, 4  I.)  enters  its  upper  and  outer  part; 
there  may  (but  rarely)  be  a  second  nerve  from  the 
anterior  part  of  the  obturator.  This  muscle  is  mor- 
phologically a  segmentation  from  the  iliacus,  func- 
tionally associated  with  the  adductor  group,  and 
has  no  representative  in  the  upper  limb  in  man. 

Dissection. — Divide  the  adductor  brevis  close 
to  its  origin  and  expose  the  next  muscle. 

352.  ADDUCTOR  MAGNUS  (fig.  597) 
consists  of  two  usually  separable  parts,  the 
largest  and  lowest  of  which  arises  from  the  rough  lowest  part  of  the  tuber  ischii  and 
from  the  continuation  of  this  area  on  the  ramus  in  front  as  it  tapers  to  a  ridge. 
From  this  it  descends,  expanding  into  a  fasciculated  sheet  imperfectly  divisible 
into  two  parts,  a  longer  or  condylar  portion,  which  descends  to  be  inserted 
into  the  internal  intermuscular  septum  and  into  the  adductor  tubercle  of  the 
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femur,  and  a  posterior  portion  which  passes  outwards  behind  the  profunda 
artery  to  the  linea  aspera  for  nearly  its  whole  length.  This  portion  is  inserted 
by  short  tendinous  fibres  into  the  bone,  and  is  pierced  along  its  insertion  by 
the  perforating  branches  of 


the  profunda  artery,  the 
hole  for  each  being  crossed 
by  a  tendinous  arch. 

Between  the  lower  border  of 
this  portion  and  the  condylar 
part  there  is  a  deficiency  at  the 
lower  end  of  Hunter's  canal, 
through  which  the  femoral 
vessels  enter  the  popliteal  space. 
This  muscle  is  supplied  by  the 
posterior  branch  of  the  obturator 
nerve  and  by  a  branch  of  the 
great  sciatic  behind.  It  is  repre- 
sented in  the  upper  limb  by  the 
coraco-brachialis  muscle. 

The  second  portion  of 
the  adductor  magnus  is  some- 
times described  under  the 
name  adductor  minimus,  and 
is  widely  triangular,  lying 
above  and  behind  the  rest 
of  the  muscle.  It  arises 
below  the  adductor  brevis 
from  the  ischial  ramus,  its 
upper  fibres  pass  horizon- 
tally outwards,  and  end  in 
a  thin  flat  tendon  which 
glides  over  the  back  of  the 
lesser  trochanter,  and  it  is 
inserted  into  the  inner  mar- 
gin of  the  gluteal  ridge  of 
the  femur;  its  lowest  fibres 
descending  as  far  as  the 
archway  for  the  middle  per- 
forating artery. 
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Its  upper  border  is  parallel  Fig.  597. — Adductor  magnus,  seen  from  behind, 

to  the  lower  edge  of  the  quad- 

ralus  femoris,  from  which  it  is  separated  by  the  end  branch  of  the  internal  circumflex 
artery.  In  front  is  the  adductor  brevis,  behind  the  greater  sciatic  nerve  and  the  hamstring 
muscles,  and  below  the  rest  of  the  adductor  magnus. 

Dissection. — Replace  now  the  adductors,  and  trace  the  profunda  femoris  artery,  which 
is  now  exposed  for  its  whole  length. 

353.  THE  PROFUNDA  FEMORIS  ARTERY  (§  343)  arises  from  the  outer 
side  of  the  common  femoral,  and  descends  at  first  downwards  and  outwards, 
then  downwards  and  inwards,  lying  on  the  iliacus,  pectineus,  adductor  brevis, 
and  adductor  magnus.  It  underlies  the  femoral  artery,  the  femoral  and  profunda 
veins,  and  the  adductor  longus  muscle.  In  its  course  it  gives  off  the  following 
branches: — (i)  External  Circumflex,  a  short  trunk  passing  outwards  on  the 
iliacus  through  the  branches  of  the  anterior  crural  nerve,  and  beneath  the 
sartorius.  This  divides  into  (a.)  a  branch  of  the  rectus ;  (b.)  a  branch  to  the 
crureus;  (c.)  a  large  branch,  often  arising  separately,  to  the  vastus  externus, 
which  runs  towards  the  knee  beneath  the  rectus  and  along  the  anterior  border  of 
the  vastus;  (d.)  a  transverse  branch  which  pierces  the  vastus  externus  to  wind  round 
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—  Psoas. 


the  femur  to  the  crucial   anastomosis ;  (e.)  an  ascending  branch  which  passes 
upwards  beneath  the  tensor  fascice  femoris,  towards  the  gluteal  artery  (fig.  594). 

(2)  Internal  Circumflex  Artery. — This,  like  the  last,  may  arise  inde- 
pendently from  the  femoral.  It  starts  on  about  the  same  level  as  the  last  from 
the  parent  trunk,  and  turns  backwards  and  inwards,  first  between  the  psoas 
and  pectineus  muscles,  then  between  the  obturator  externus  and  the  adductor 
brevis,  and  lastly,  it  appears  on  the  gluteal  region  between  the  quadratics  femoris 
and  the  adductor  minimus.  In  this  course  it  gives  off" — (a.)  a  series  of  muscular- 
ascending  branches  to  the  adductors  brevis  and  longus,  gracilis  and  obturator 
externus;  (b.)  an  articular  branch  which  passes  outwards  beneath  the  pjsoas 
tendon,  entering  the  hip-joint  under  the  transverse  ligament,  to  break  up  in 

the  fatty  mass  within ;  (c.) 
a  descending  branch  which 
accompanies  in  part  the 
posterior  branch  of  the  obtu- 
rator nerve  into  the  adductor 
magnus;  and  (d.)  two  terminal, 
one  joining  a  branch  of  the 
sciatic  artery  beneath  the 
quadratics  femoris,  and  supply- 
ing the  back  of  the  hip-joint, 
while  the  other  ends  in  the 
crucial  anastomosis. 

(3)  As  the  profunda  sinks 
beneath  the  adductor  longus, 

it  gives  off  its  first  perfor- 
ating* branch,  which  pierces 
backwai'ds,  close  to  the  femur, 
through  the  adductor  brevis, 
and  enters  the  adductor  mini- 
mus, after  which  it  divides 
into  an  ascending  branch  to 
the  crucial  anastomosis,  and 
a  descending  to  supply  the 
hamstrings  and  vasti,  and  to 
anastomose  with  the  next. 

(4)  Middle  perforating" 

artery,    larger,   arises  from 

the  profunda  near  the  lower 

pierces ;   it  passes  below  the 


Quadratics  femoris. 
Obturator  externus. 
Internal  circum- 
flex; artery. 


Superior  per- 
forating. 


Middle 
perforating. 


Inferior 
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Oval  opening  in  ^_ 
adductor  magnus. 


Adductor 
longus. 


Anastomotica. 


Fig.  598. —Scheme  of  profunda  artery. 


border  of  the  adductor  brevis,  through  which  it 

adductor  minimus,  and  sends  off  an  ascending  and  a  descending  anastomotic 
branch  to  the  foregoing,  and  to  the  following.  It  also  sends  off  in  most  limbs 
the  nutrient  artery  to  the  femur,  although  this  may  be,  but  more  rarely,  a 
branch    of  the  next. 

(5)  Inferior  perforating"  arises  still  lower,  and  dips  at  once  through  the 
insertion  of  the  adductor  magnus,  close  to  the  bone,  to  divide  into  ascending  and 
descending  branches,  and  to  nourish  the  short  head  of  the  biceps  muscle. 

(6)  The  terminal  branch  of  the  profunda,  or  fourth  perforating,  passes, 
like  the  others,  through  a  tendinous  archway  in  the  adductor  magnus,  and  ends 
in  the  biceps  muscle,  sending  a  branch  downwards  to  anastomose  with  the 
superior  internal  articular  branch  of  the  popliteal  artery. 

(7)  From  the  inner  side  of  the  profunda,  several  branches  pass  into  the 
adductor  and  semimembranosus  muscles. 


354.   PROFUNDA  VEIN. — Each  of  these  small  arteries  is  accompanied  by 
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two  veins,  and  these  ascend  and  ultimately  unite  into  the  one  profunda  vein 
which  lies  at  first  internal,  then  superficial,  to  its  artery,  finally  crossing  it  to  join 
the  femoral  vein  in  the  angle  between  the  femoral  and  profunda  arteries. 

The  muscles  in  contact  with  the  profunda  suddenly  become  tendinous  along  the  line  of  the 
vessel,  and  therefore  exercise  do  direct  pressure,  but  rather  produce  some  degree  of  negative 
pressure  on  the  vessels  in  their  action.  There  are  usually  five  pairs  of  valves  in  the  pro- 
funda vein. 

355.  OBTURATOR  NERVE.— This  derivative  from  the  anterior  division  of 
the  lumbar  plexus  (§  314)  appears  as  it  escapes  through  the  obturator  canal, 
wherein  it  gives  off  a  branch  to  the  obturator  extemus  muscle  and  divides  into 
its  two  branches.  (1)  Anterior  obturator  descends  over  the  adductor  brevis 
beneath  the  pectineus  and 
adductor  longus,  and  is  dis- 
tributed to  these  muscles 
(to  the  pectineus  only  in  8 
per  cent.)  and  to  the  gracilis. 
Its  lowest  branch  is  that 
which  joins  the  internal 
cutaneous,  and  which  sup- 
plies with  it  the  skin  on 
the  inside  of  the  knee. 
Near  its  origin  the  nerve 
sometimes  sends  an  articu- 
lar branch  to  the  hip-joint. 

(2)  Posterior  obturator 
usually  pierces  the  obtu- 
rator extemus,  and  so  is 
separated  by  the  uppermost 
slip  of  that  muscle  from 
the  anterior.  It  gives  off 
a   branch    to   the  adductor 
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Fig.  599. — Scheme  of  the  obturator  nerve. 


brevis,  a  branch  to  the  ad- 
ductor magnus,  one  to  the 
hip-joint  behind  the  adduc- 
tor brevis,  one  to  the  adductor 
minimus,  and  lastly  the 
slender  genicular  or  popli- 
teal branch  which  descends 
in  the  adductor  magnus  muscle  to  the  popliteal  space,  getting  on  the  dorsal 
surface  of  the  artery,  where  it  will  be  subsequently  traced  into  the  knee. 
From  the  nerve  to  the  adductor  magnus  the  femoral  periosteal  nerve  arises  and 
it  sends  a  small  twig  into  the  nutrient  foramen. 

Dissection. — Divide  the  pectineus  and  adductor  brevis  close  to  their  origin  and  reflect 
them  outwards,  and  clean  the  surface  of  the  obturator  extemus. 

356.  OBTURATOR  EXTERNUS  (fig.  600)  widely  triangular,  arises  in  two 
parts — an  upper  smaller  from  the  obturator  crest  above  the  obturator  foramen,  and 
a  lower,  much  the  larger,  from  the  anterior  surface  of  the  inner  half  of  the  obtu- 
rator membrane,  and  from  the  bands  of  fibrous  tissue  which  overlie  the  vessels 
upon  the  membrane,  and  from  the  inner  and  under  part  of  the  bony  boundary 
of  the  obturator  foramen.  The  fibres  converge  to  a  tendon  which  passes  hori- 
zontally backwards  and  outwards  below  the  acetabulum  and  hip-joint  to  be 
inserted  under  cover  of  the  quadratus  femoris  into  the  digital  fossa  (fig.  600). 

The  capsule  of  the  hip  is  weak  where  it  lies  in  contact  with  the  tendon,  and  there  are  one 
or  two  bursse  occasionally  interposed.  Its  nerve,  from  the  posterior  division  of  the  obtu- 
rator (3  and  4  /.),  enters  the  muscle  on  its  hinder  surface. 
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The  obturator  externus  is  an  outward  rotator,  like  the  other  adductors,  in  all  of  which  the 
plane  of  the  insertion  is  behind  that  of  the  origin.  In  the  muscles  of  this  series,  except  the 
qracilis  and  obturator,  the  origin  and  insertion  planes  intersect  each  other.  As  they  are 
therefore  skew  muscles,  the  resultant  is  shifted  a  little  higher  on  the  shaft  of  the  femur  than 
if  they  were  simple  prismatic  muscles  (p.  70).  The  obturator  is  the  highest  and  foremost 
segmentation  of  the  adductor  mass  of  muscle,  and  has  no  specialised  representative  in  the 
upper  limb. 

357.  THE  OBTURATOR  ARTERY  (§  286)  from  the  internal  iliac,  having 
passed  through  the  obturator  canal,  appears  on  the  thigh  beneath  the  adductor 
longus,  and  divides  at  once  at  its  exit  into  two  branches — ( 1 )  The  outer  terminal 
branch  sends  an  acetabular  twig,  the  reciprocal  in  size  of  that  of  the  internal  cir- 


tendon  of 
adductor  longus. 


vastus  externus. 
internal 
^circumflex  artery. 

iliotibial 

band,  hinder 

segment. 


Fig,  600. — Section  along  the  middle  line  of  obturator  externus,  through  pelvis  and  hip-joint— 
fv,  femoral  vein  ;  a,  femoral  artery  ;  e,  profunda  artery. 

cumflex,and  passing  like  it  under  the  transverse  ligament  into  the  hip-joint;  some 
of  its  branches  pass  through  the  ligamentum  teres  to  the  femur,  though  others 
form  loops  in  the  ligamentum  teres  and  the  fat  at  its  base ;  the  rest  of  this  artery 
is  lost  in  the  obturator  externus  muscle.  (2)  The  inner  terminal  branch  is  dis- 
tributed to  the  obturator  externus  and  the  adductors  brevis  and  minimus.  A 
hernia  has  been  known  to  escape  from  the  abdomen  through  the  obturator 
canal,  and  to  project  beneath  the  pectineus  muscle. 

358.  FASCIA  ILIAC  A.— If  the  viscera  of  the  abdomen  have  been  by  this  time  dissected, 
the  iliacus  and  psoas  muscles  can  now  be  examined.  These  muscles  should  be  examined  con- 
jointly by  the  dissectors  of  the  abdomen  and  thigh.  Covering  the  iliacus  is  a  distinct  layer 
of  fascia,  the  fascia  iliaea ;  this  is  attached  above  along  the  whole  of  the  marginal  lip  of 
the  iliac  fossa,  both  externally  along  the  crest  and  internally  to  the  ilio-pectineal  line,  but  it 
thins  and  becomes  indistinct  as  it  extends  upwards  on  the  front  of  the  psoas  muscle.  When 
traced  down  towards  Poupart's  ligament  the  faacia  iliaea  is  attached  to  the  fascia  trans- 
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versalis  external  to  the  femoral  vessels,  the  union  being  marked  by  a  White  line  Of  fusion, 
but  as  the  fascia  iliaca  passes  behind  the  vessels  to  the  ilio-pectineal  line  the  white  line 
ceases  at  the  femoral  artery,  and,  as  we  have  already  seen,  the  fascia  iliaca  becomes  con- 
tinuous without  any  white  line,  behind  the  femoral  vessels,  with  the  pectineal  portion  of  the 
fascia  lata. 

When  these  fasciae  are  looked  at  from  the  thigh  in  the  present  advanced  stage  of  the 
dissection,  the  space  under  Poupart's  ligament  appears  consequently  to  be  divided  into  two 
by  the  margin  of  the  fascia  iliaca.  Externally,  as  the  fascia  lata  and  all  other  investments 
have  been  removed  from  the  extra-abdominal  part  of  the  iliacus  muscle,  the  anterior  border 
of  the  line  of  fusion  appears  arching  over  the  iliacus  beneath  Poupart's  ligament,  and  dipping 
down  on  the  inner  side  of  the  muscle.  The  space  thus  bounded  is  the  lacuna  museulosa 
of  the  crural  arch  (fig.  261).  Internal  to  this  the  space  traversed  by  the  vessels  (lacuna 
vaseulosa)  appears  bounded  in  front  by  the  attachment  of  the  lower  border  of  the  trans- 
versalis  fascia  to  the  back  of  Poupart's  ligament,  behind  by  the  iliac  fascia  as  it  becomes 
continuous  with  the  pectineal,  and  internally  by  Gimbernat's  ligament.  The  attachment  of 
the  iliac  fascia  prevents  subfascial  abscesses,  such  as  are  commonly  connected  with  carious 
vertebra?,  from  turning  towards  the  femoral  vessels.  The  fascia  iliaca  is  oidy  a  deep  upward 
extension  of  a  sheath  derived  from  the  fascia  lata. 

Remove  the  fascia  iliaca  and  expose  the  subjacent  muscles. 

359.  ILIACUS  arises  from  the  ilio-pectineal  line,  the  front  of  the  sacro-iliac 
and  ilio-lumbar  ligaments,  the  margin  of  the  ala  sacri  and  from  the  outer 
margin  of  the  iliac  fossa  as  far  as  the  inferior  iliac  spine,  from  the  inner  side  of 
the  straight  origin  of  the  rectus  femoris,  from  the  deep  surface  of  the  iliac  fascia, 
and  from  the  margin  of  the  anterior  iliac  notch.  The  fascicles  arising  from  these 
origins  fill  the  concavity  of  the  iliac  fossa  and,  converging,  escape  through  the 
lacuna  museulosa,  whence  descending  backwards,  they  are  inserted  by  fleshy 
and  tendinous  fibres  into  the  rough  surface  below  and  in  front  of  the  lesser 
trochanter.  It  is  covered  by  the  fascia  iliaca  in  the  abdomen,  oyer  which  lies 
the  peritoneum,  the  ciecurn  on  the  right  side,  and  the  sigmoid  flexure  of  the  colon 
on  the  left.  It  is  crossed  by  the  external  cutaneous  nerve,  and  separated  from 
the  psoas  internally  by  the  anterior  crural  nerve.  The  deep  circumflex  iliac 
vessels,  Poupart's  ligament,  the  external  circumflex  femoral,  and  external 
branches  of  the  anterior  crural  nerve  lie  over  it,  as  also  do  the  sartorius  and 
tensor  fascice  femoris  muscles.  The  rectus  femoris  grooves  it  externally  and  the 
obturator  externus  internally,  the  psoas  intervening.  The  separation  of  the  psoas 
from  the  iliacus  is  a  matter  of  some  difficulty. 

The  iliacus  rests  on  the  iliac  fossa,  the  brim  of  the  pelvis,  the  capsule  of  the  hip-joint, 
•and  the  neck  of  the  femur.  A  bursa  usually  separates  its  fibres  from  the  ilio-pubal  eminence 
and  capsidar  ligament,  and  this  frequently  communicates  with  the  hip-joint.  An  extra- 
pelvic  iliac  slip  (itio-capsular)  is  sometimes  segmented  off  from  it  externally,  in  like  manner 
as  the  pectineus  has  become  more  perfectly  and  constantly  segmented  from  it  internally.  The 
iliacus  represents  the  supraspinatus  of  the  upper  limb. 

360.  PSOAS  MAGNUS  arises  from  the  fronts  of  the  costal  processes  of  the 
lumbar  vertebrae,  from  the  edges  of  the  bodies  and  intervertebral  substances  of 
the  last  dorsal  and  four  upper  lumbar  vertebrae,  and  from  tendinous  arches 
stretching  over  the  lumbar  arteries  opposite  the  side  of  each  vertebral  body. 
This  muscle  descends  nearly  vertically  as  an  apparently  cylindroid  mass,  on  a 
plane  anterior  and  internal  to  the  iliacus,  and  finally  ends  in  a  tendon  which 
lies  on  the  brim  of  the  pelvis  and  the  capsule  of  the  hip,  and  passes  to  be  inserted 
into  the  lower  and  back  part  of  the  lesser  trochanter.  It  is  with  difficulty 
separable  from  the  iliacus. 

The  psoas  is  covered  by  a  thin  layer  of  the  fascia  iliaca,  which  is  traceable  to  its  upper- 
most part.  Between  the  body  of  the  second  and  the  costal  process  of  the  first  lumbar  some 
of  the  fibres  of  the  diaphragm,  are  attached  to  this  fascia,  and  they  cause  its  border  here  to 
be  strengthened  into  a  tendinous  arch,  the  ligamentum  aPCUatum  internum.  On  the 
right  psoas  muscle  lie  the  inferior  vena  cava,  renal  vessels,  kidney,  peritoneum,  colon  and 
ileo-colic  artery,  spermatic  vessels  and  genito-crural  nerve,  the  common  and  external  iliac 
artery  and  vein  ;  on  the  left  lie  the  corresponding  parts  except  the  inferior  vena  cava,  with 
the  colica  sinistra  and  sigmoid  arteries  in  place  of  the  ileo-colic ;  posteriorly  it  lies  on  the 
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costal  processes  and  lumbar  intercostal  muscles,  the  quadratus  lumborum  muscle,  and  its 
investing  fascia  attached  along  its  outer  border.  External  to  it  the  anterior  crural  nerve 
emerges  from  the  lumbar  plexus,  which  is  within  the  muscle,  and  internally  it  touches  the 
Vertebrae,  the  lumbar  arteries,  sympathetic,  genito-crural,  obturator  and  lumbo-sacral  nerves, 
lumbar  glands,  the  vena  cava  on  the  right,  the  aorta  on  the  left.  The  internal  circumflex 
artery  separates  its  internal  border  from  the  jiectineus  outside  the  pelvis. 

The  psoas  and  iliacus  flex  the  hip-joint  and  rotate  the  thigh  outwards.  The  iliacus 
receives  three  small  branches  from  the  anterior  crural  nerve  (2  and  3  I. )  ;  the  psoas  receives 
four  branches  from  the  ventral  branches  of  the  four  upper  lumbar  nerves. 

361 .  PSOAS  PARVUS,  present  only  in  18  per  cent,  of  bodies,  lies  internal  to 
the  psoas  magnus,  arising  above  it  from  the  borders  of  the  bodies  of  the  last  dorsal 
and  first  lumbar  vertebrae  ;  it  ends  in  a  flat  tendon  which  is  inserted  into  the 
most  prominent  part  of  the  ilio-pectineal  line,  and  into  the  iliac  fascia,  which  it 
makes  tense. 

This  muscle  is  constantly  present,  and  largely  developed,  in  leaping  animals. 

Abscesses  connected  with  caries  of  the  lumbar  vertebra  usually  descend  in  the  sheath  of 
the  psoas,  and  they  point  below  Poupart's  ligament. 

The  development  of  this  group  of  muscles  is  obscure  ;  the  psoas  is  formed  in  the  tissue  of 
the  somatopleure  at  its  innermost  part,  directly  on  the  dorsal  side  of  the  intermediate  cell 
mass,  and  separated  by  a  short  interspace  from  the  muscle  plate.  It  has  hence  been  con- 
sidered as  the  representative  of  the  hypaxial  muscles  (p.  71).  Evidence  is,  however,  wanting 
to  prove  that  there  is  really  any  distinctive  peculiarity  in  its  development. 

362.  LUMBAR  PLEXUS.— The  lumbar  plexus  (p.  467)  should  now  be  re-examined  in 
conjunction  with  the  sacral  plexus,  as  these  two  collectively  are  the  homologues  of  the 
brachial  plexus  of  the  upper  limb. 

The  ilio-hypogastric  and  ilio-inguinal  are  intercostal  nerves.  The  external  cutaneous  is 
equivalent  to  the  posterior  superior  cutaneous  branch  of  the  musculo-spiral,  while  the  rest  of 
the  musculo-spiral  is  represented  by  the  anterior  crural  and  its  lower  portion  by  the  peroneal. 
The  obturator  nerve  represents  the  thoracics  and  the  musculo-cutaneous.  The  posterior 
cutaneous  nerve  of  the  thigh  is  the  homologue  of  the  internal  cutaneous,  the  superior  gluteal 
of  the  circumflex  and  part  of  the  suprascapular,  while  the  nerves  to  the  iliacus  represent  the 
rest  of  the  suprascapular  cord.  The  inferior  gluteal  is  the  representative  of  the  long  subscap- 
ular, and  the  popliteal  is  the  equivalent  of  the  combined  median  and  ulnar  nerves. 

363.  THE   BACK  OF  THE   THIGH.— Dissection.— The  body  being  turned  on  its 

face,  and  the  loins  being  raised  on  a  block,  divide  the  skin  vertically  down  the  middle  of  the 
back  of  the  thigh  and  for  the  upper  fourth  of  the  leg :  make  a  transverse  incision  below  this 
and  reflect  the  skin  in  two  lateral  flaps.  Trace  beneath  the  skin  the  posterior  cutaneous 
branch  of  the  small  sciatic  nerve.  A  superficial  vein,  the  superficial  sural,  ascends  from 
the  outer  side  of  the  back  of  the  leg  over  the  calf,  and  dips  in  the  middle  line  through  a 
deficiency  in  the  deep  fascia  to  join  the  popliteal  vein. 

On  removing  the  superficial  fascia,  the  fascia  lata  is  exposed,  consisting  superficially  of 
strong  transverse  or  oblique  fibres  over  a  weaker  longitudinal  layer,  which  at  each  side  is 
continuous  with  the  sheaths  of  the  flexor  muscles.  Divide  this  fascia  by  a  vertical  incision 
carried  along  the  lower  fourth  of  the  thigh  and  the  upper  fifth  of  the  leg,  and  reflect  it  to 
each  side,  thereby  exposing  the  popliteal  space. 

364.  THE  POPLITEAL  SPACE  (fig.  587)  is  lozenge-shaped,  consisting  of 
two  triangles,  an  upper  and  lower,  the  base  of  the  latter  being  received  into  that 
of  the  former.  The  upper  triangle  is  bounded  on  the  outside  by  the  biceps 
tendon,  internally  by  the  semimembranosus  and  semitendinosus.  The  lower 
triangle  is  bounded  laterally  by  the  two  heads  of  the  gastrocnemius  muscle. 
The  semitendinosus  tendon  leaves  the  inner  side  of  the  space  in  the  interval 
between  the  semimembranosus  and  the  inner  head  of  the  gastrocnemius  muscle 
(it  is  represented  internal  to  the  semimembranosus  in  the  figure) :  along  the 
outer  side  the  peroneal  nerve  similarly  leaves  the  space  between  the  biceps  and 
the  outer  head  of  the  gastrocnemius.  On  the  anterior  and  inner  side  of  the 
inner  boundary  are  the  tendons  of  the  sartorius,  gracilis,  and  adductor  magnus, 
while  above  and  internal  to  the  outer  head  of  the  gastrocnemius  is  the  origin  of 
the  plantaris. 

Contents. — Remove  the  fat  from  the  popliteal  space,  and  thereby  bring 
into  view  the  great   sciatic  nerve  (ib.  1),  dividing  into  its  peroneal  (12)  and 
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popliteal  (13)  branches.  On  a  deeper  plane  and  traversing  the  space  with  a 
slight  obliquity  from  within  downwards  and  outwards  are  the  popliteal 
Vessels  (hg.  601)  emerging  above  from  Hunter's  canal  through  the  adductor 
■maynus  and  ending  by  division  below.  The  A'ein  lies  superficial  to  the  artery, 
and  is  closely  tied  to  it  by  a  firm  areolar  sheath ;  the  vein  above  is  rather  to 
the  outer  side  of  the  artery,  but  becomes  a  little  internal  to  it  below.  On 
account  of  their  different  obliquities  the  nerve  likewise  crosses  the  artery  as 
it  descends,  so  that  in  this  space  the  relations  of  the  parts  differ  above,  at,  and 
below  the  plane  of  flexion  of  the  knee.  Above  the  knee  the  nerve  is  external, 
the  vein  intermediate,  and  the  artery  internal;  below,  the  nerve  is  rather  the 
innermost  and  the  artery  the  outermost,  but  throughout  the  whole  space  the 
nerve  is  the  most  superficial  and  the. artery  the  deepest  (tig.  285). 

The  popliteal  space  corresponds  to  that  portion  of  the  ante-cubital  fossa  in  the  upper  limb 
between  the  biceps  tendon  and  the  bicipital  fascia,  the  former  representing  the  semimembra- 
nosus, the  latter  the  fascial  insertion  of  the  biceps  femoris.  The  supinator  and  external 
epicondylar  element  is  absent  in  the  leg,  hence  the  apparent  contrast  that  in  the  arm  the 
lower  muscles  embrace  the  tendons  of  the  upper,  while  in  the  leg  the  upper  embrace  the 
lower.     See  note  on  gastrocnemius  (p.  508). 

Having  seen  these  parts  as  thus  related,  remove  the  rest  of  the  fascia  from  the  back  of 
the  thigh  and  dissect  the  hamstring  muscles. 

365.  BICEPS  CRURIS  arises  by  a  lony  head  tendinously  from  the  greater 
sciatic  ligament  and  the  upper  and  inner  part  of  the  tuber  ischii  below  the 
lesser  sciatic  notch,  external  to  the  semitendinosus  and  united  to  it.  This  head 
becomes  fleshy,  and  descends,  uniting  about  the  lowest  third  of  the  thigh  with 
the  short  head  which  ai'ises  fleshily  from  the  linea  aspera  for  about  '43  of 
the  length  of  the  femur,  beginning  below  the  gluteus  maximus ;  it  also  arises 
from  the  intermuscular  septum.  The  insertion  is  by  a  tendon  into  the  upper 
and  back  part  of  the  styloid  process  of  the  fibula  and  into  the  crural  fascia.  The 
fibular  insertion  is  split  by  the  external  lateral  ligament  of  the  knee  which 
passes  through  it,  surrounded  by  a  bursa. 

The  two  heads  are  both  somewhat  penniform,  especially  at  their  union  ;  the  short  head 
is  narrow  above  and  widens  below,  its  lowest  fascicles  arising  from  the  middle  of  the  outer 
condyloid  ridge  of  the  femur  and  the  surface  adjoining.  The  fleshy  fascicles  of  the  muscle 
are  only  about  '19  of  the  length  of  the  femur. 

Two  nerves  from  the  popliteal  division  of  the  greater  sciatic  supply  its  long  head  above ;  a 
branch  of  the  peroneal  supplies  the  short  head,  whose  vascular  supply  is  chiefly  derived  from 
the  vessels  of  the  vastus  externus.  The  biceps  is  covered  anteriorly  by  quadratus  femoris, 
adductor  magnus,  great  sciatic  nerve,  external  inter-muscular  septum,  external  head  of  gastro- 
cnemhis  and  plantaris,  external  condyle,  external  lateral  ligament  and  the  external  articular 
arteries.     It  is  only  covered  behind  by  gluteus  maximus,  skin  and  fascia. 

The  biceps  is  a  flexor  of  the  knee,  an  extensor  of  the  hip,  and  a  rotator  outwards  of  the 
foot.     Its  long  head  is  nourished  by  perforating  branches  of  the  profunda  artery. 

366.  SEMITENDINOSUS  arises  from  the  lower  and  inner  part  of  the  tuber 
ischii  by  short  tendinous  fibres,  internal  to  and  inseparable  from  the  biceps,  and 
soon  becoming  fleshy.  After  a  short  course  most  of  the  fleshy  fibres  are  inter- 
sected by  a  tendinous  plane,  which  is  directed  from  within  downwards,  outwards, 
and  backwards.  This  appears  on  the  surface  about  half  way  down  on  the  outer 
side,  but  less  than  a  quarter  of  the  length  of  the  muscle  from  the  tuber  in- 
ternally. The  lower  series  of  fleshy  fibres  soon  end  in  a  long,  roundish  tendon, 
which  descends  at  first  on  the  adductor  magnus,  then  upon  and  external  to  the 
semimembranosus  to  the  knee,  where  it  passes  in  the  groove  between  the  latter 
muscle  and  the  inner  head  of  the  gastrocnemius,  and  turning  forwards  is  inserted 
into  a  ridge  on  the  inner  side  of  the  tibia  below  the  head,  under  cover  of  the 
sartorius  and  directly  below  the  gracilis. 

The  upper  belly  is  supplied  by  a  branch  of  the  popliteal  division  of  the  great  sciatic  nerve 
close  to  the  origin  ;  the  lower  by  a  second  branch  of  the  same  nerve  lower  down.     A  bursa 
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lies  beneath  it  and  extends  between  the  semimembranosus  tendon  and  the  inner  head  of  the 
gastrocnemius.  A  second  bursa  lies  beneath  its  tendon  and  that  of  the  gracilis  as  they  cross 
the  internal  lateral  ligament  of  the  knee.  This  muscle  is  a  segmentation  of  the  flexor  mass 
not  represented  as  a  separate  muscle  in  the  upper  limb  in  man,  its  upper  part  is  a  detached 
portion  of  the  biceps. 

367.  SEMIMEMBRANOSUS  (fig.  587)  arises  by  a  long  flat  tendon,  which 
is  thick-edged  externally,  thin-edged  internally,  from  a  long  facet  on  the  tuber 
ischii  external  and  anterior  to  the  other  hamstrings.  From  the  tendon  short  and 
oblique  fleshy  fibres  arise  along  an  oblique  line,  which  descend  from  Avithin  out- 
wards, and  end  internally  in  a  tendon  which  extends  along  the  inner  side  of 
the  popliteal  space  and  ends  below  by  a  threefold  insertion — (1)  by  a  tendon 
which  passes  beneath  the  hinder  border  of  the  internal  lateral  ligament  into 
the  lip  of  the  sulcus  semimembranosi  on  the  tibia ;  (2)  by  an  expansion  down- 
wards into  the  fascia  over  the  popliteus  muscle  ;  and  (3)  by  an  expansion,  the 
ligamentum  posticum,  which  extends  upwards  and  backwards  across  the 
back  of  the  knee-joint  to  the  external  condyle  of  the  femur. 

The  tendon  of  origin  extends  downwards  for  two-thirds  of  the  thigh  along 
its  outer  border  ;  the  tendon  of  insertion  begins  internally  a  little  below  the 
middle  of  the  thigh.  The  fleshy  belly  is  sharp  internally,  but  most  convex 
externally,  and  thickest  at  the  lower  third  of  the  thigh. 

The  semimembranosus  is  covered  by  the  two  other  hamstrings,  the  peculiarity  of  its  tendon 
being  due  to  its  being  moulded  to  their  surface ;  at  its  insertion  it  is  covered  by  the  edge  of  the 
internal  lateral  ligament  of  the  knee  ;  its  belly  is  made  up  of  short  fascicles.  It  lies  on  the 
adductors  minimus  and  magnus,  overlapping  the  popliteal  vessels,  from  which  it  receives 
branches,  and  is  internal  to  the  great  sciatic  nerve  from  whose  popliteal  portion  it  is  supplied. 
It  is  a  flexor  of  the  knee  and  a  rotator  inwards  of  the  leg  as  well  as  an  extensor  of  the  hip. 

The  three  hamstrings  are  peculiar  in  that  they  are  too  short  to  allow  of  full  flexion  of  the 
hip  while  the  knee  is  extended. 

368.  CONTENTS  OF  THE  POPLITEAL  SPACE.— By  drawing  aside  the 
hamstrings  the  parts  in  the  popliteal  space  can  be  more  fully  exposed  and 
traced.     They  are  :• — 

1.  The  great  SCiatie  nerve. — This  has  already  been  seen  (§  327)  as  it 
emerges  from  the  great  sciatic  notch  and  lies  on  the  parts  in  the  interval 
between  the  greater  trochanter  and  the  tuber  ischii ;  it  lies  at  first  external  to 
the  biceps,  then  between  its  two  heads,  then  between  the  biceps  and  semimem- 
branosus lying  on  the  adductors  minimus  and  magnus.  At  the  apex  of  the 
popliteal  space,  if  not  on  a  higher  level,  the  component  cords  separate,  the 
peroneal  descending  along  the  edge  of  the  biceps,  covered  only  by  skin  and 
fascia,  and  finally  winding  forwards  round  the  hinder  margin  of  the  fibula,  3  cm. 
below  the  styloid  process,  and  sinking  into  the  peroneus  longus  muscle.  The 
peroneal  nerve  before  it  separates  from  the  popliteal  on  the  back  of  the  thigh 
has  only  given  off  one  branch,  that  to  the  femoral  head  of  the  biceps  ;  at  the 
upper  part  of  the  popliteal  space  it  sends  off  a  cutaneous  branch,  COmmunicans 
fibularis,  which  descends  and  becomes  superficial  on  the  calf,  where  it  joins 
with  the  communicans  tibialis  (fig.  605,  3) ;  a  second  or  external  ClltaneOUS 
branch  arises  either  with  or  below  this,  and  supplies  the  skin  on  the  outer  side 
of  the  leg.  Beneath  the  biceps  tendon  it  sends  a  fine  external  articular  branch 
to  the  outer  side  of  the  knee  and  to  the  tibio-fibular  joint. 

The  popliteal  nerve  has  already  been  seen  (§  327)  to  give  off  the  branches 
to  the  obturator  internus,  gemelli,  and  quadratus  femoris  muscles.  While  it  lies 
external  to  the  biceps  it  gives  off  the  upper  branches  to  the  long  head  of  the 
biceps  and  to  the  semitendinosus  ;  when  it  has  crossed  beneath  the  biceps  it  gives 
off  a  second  branch  to  each  of  these  muscles  and  a  branch  to  the  semimembran- 
osus and  one  to  the  adductor  magnus.  Having  entered  the  popliteal  space  and 
separated  from  the  peroneal,  it  sends  down-wards  a  branch,  the  COmmunicans 
tibialis,   which  will  subsequently  be  seen  joining  with  the  communicating 
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branch  of  the  peroneal  nerve  (fig.  605,  7).  The  popliteal  nerve  in  the  space  gives 
off  a  branch  on  each  side  to  the  gastrocnemius  muscle,  and  on  the  outer  side  a 
branch  to  the plantaris,  and  becomes  below  the  posterior  tibial  nerve  (§  391). 
369.  THE  POPLITEAL  ARTERY  is  the  continuation  of  the  femoral 
(§§  343>  344)  through  the  adductor  magnus,  the  opening  in  which  can  now  be 
seen  from  behind.  It  is  a  tendinous  passage,  having  the  combined  tendon  of 
the  adductor  magnus 
and  longus  anteriorly, 
the  vastus  interims  ex- 
ternally, the  great  ad- 
ductor internally  and 
behind.  The  only 
parts  passing  through 
are  the  artery,  vein, 
and  often  the  articular 
branch  of  the  obturator 
nerve.  As  the  artery 
descends  outwards  and 
a   little   backwards   it    *"P' 


fo  scntintemfr 


int  artic. 


ext.  artic. 


artic. 


rests  on  the  back  of  the 
femur,  the  posterior 
ligament,  the  edge  of 
the  head  of  the  tibia, 
and  the  popliteus 
muscle  covered  by  its 
fascia.  It  lies  deeply 
in  the  space,  and  is 
covered  by  skin  and 
fascia,  overlapped  by 
the  semimembranosus 
above  and  by  the  inner 
head  of  the  gastro- 
cnemius below,  and  ter- 
minates  below  the 
junction  of  the  two 
heads  of  that  muscle 
at  the  lower  border 
of  the  popliteus  muscle 
by  dividing  into  an- 
terior and  posterior 
tibial  arteries.  The 
termination  cannot  yet 
be  seen  (fig.  601). 

The    popliteal 

vein  lies  superficial  to 
its  artery  and  crosses 
it  obliquely,  being 
tightly  tied  to  it  by 
its  sheath  and  receiv- 
ing a  branch  corresponding  to  each  branch  of  the  popliteal  artery,  as  well 
as  the  sural  vein.  It  has  two  valves  near  its  lower  end  below  the  level  of  the 
knee,  and  one  above,  close  to  the  opening  in  the  adductor  magnus  muscle. 

The  genicular  branch  of  the  obturator  nerve  descends  on  the  posterior 
(superficial)  aspect  of  the  artery  to  the  knee-joint,  which  it  enters  through  a 
hole  in  the  posterior  ligament. 


Fig.  601. — Scheme  of  the  right  popliteal  artery. 
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Five  small  lymphatic  glands  lie  embedded  in  the  fat  beneath  the  popliteal 
artery,  and  receive  the  deep  lymphatics  of  the  leg.  They  communicate  with 
the  laro-e,  loose  lymphatic  plexus  which  lies  at  the  back  of  the  knee  between 
the  condyles.     Their  efferent  vessels  enter  Hunter's  canal. 

The  branches  of  the  popliteal  artery  are — (i)  two  or  three  muscular 
bi-anches  to  the  hamstrings  (fig.  60 1) ;  (2)  two  sural  branches,  outer  and  inner, 
to  the  muscles  of  the  calf;  (3)  a  superior  internal  articular,  which  winds 
round  the  femur  beneath  the  inner  hamstrings  through  the  adductor  magnus 
into  the  lower  border  of  the  vastus  intemus,  here  it  sends  branches  downwards 
to  the  patellar  rete,  but  anastomoses  above  with  the  anastomotica  and  in 
front  with  the  next;  (4)  superior  external  articular,  which  passes  outwards 
beneath  biceps  and  vastus  extemus,  to  ramify  on  the  upper  and  outer  part  of  the 
knee;  (5)  azygXJS,  which  dips  through  a  hole  in  the  posterior  ligament,  thereby 
entering  the  knee  along  with  the  articular  nerve  from  the  obturator.  It  ends 
by  branching  in  front  and  between  the  crucial  ligaments  in  the  intra-articular 
connective  tissue  ;  (6)  posterior  saphenous  which  descends  with  the  super- 
ficial sural  vein. 

The  two  inferior  articular  and  the  terminal  branches  cannot  yet  be  seen  until  the 
yaxf,roc?iemii  are  dissected. 

The  dissection  having  been  carried  thus  far,  the  muscles  around  the  hip-joint  are  to  be 
reviewed  and  divided,  and  the  ligaments  of  the  joint  dissected  (p.  177);  by  so  doing  the  limb 
is  detached  from  the  body. 

The  greater  ventral  fixity  of  the  pelvic  girdle  has  caused  the  vessels  and  nerves  of  the 
lower  limb  to  be  sundered  into  a  pre-  and  post- zonal  series,  thereby  obscuring  their  relations 
to  the  corresponding  vessels  and  nerves  of  the  upper  limb.  So  it  is  not  until  the  popliteal 
space  is  reached  that  the  serial  homologies  become  quite  easily  recognised.  The  femoral 
artery  is  the  representative  of  the  vas  aberrans  of  the  forelimb,  and  the  profunda  femoris 
represents  the  ordinary  brachial.  The  gluteal  is  comparable  with  the  subscapular,  and  the 
sciatic  with  the  posterior  circumflex,  while  the  internal  circumflex  represents  the  superior 
profunda  humeri.  In  the  popliteal  space  there  is  no  representative  of  the  radial  artery,  and 
the  terminal  branches  of  the  popliteal  artery,  the  posterior  and  anterior  tibial,  are  respectively 
the  representatives  of  the  ulnar  and  the  posterior  interosseous  artery. 

In  comparing  the  flexor  muscles  of  the  elbow  and  knee,  it  is  to  be  noted  that  the  common 
flexor  masses  of  the  two  limbs  have  been  segmented  under  such  different  mechanical  con- 
ditions that  it  is  not  possible  to  determine  exactly  the  homologies  of  the  several  segments. 

370.  ANTERIOR  SURFACE  OF  THE  LEG.— Remove  the  skin  from  the  front  of  the 
leg  and  foot  by  a  vertical  incision  along  the  shin  continued  to  the  base  of  the  second  toe. 
Reflect  the  flaps  outward  and  inward.  In  the  subcutaneous  fascia  over  the  dorsum  of  the 
foot  there  lies  an  arch  of  veins,  rete  venosum  dorsale  pedis,  receiving  a  series  of 
metacarpal  veins  which  arise  from  the  digital  plexus  and  digital  areh  on  the  back  of 
each  toe  ;  from  the  inner  side  of  this  the  long  saphena  vein  is  continued  upwards  in  front 
of  the  internal  ankle,  and  passes  along  the  hinder  border  of  the  subcutaneous  tibial  area 
to  the  knee,  whence  it  has  been  already  traced  (p.  480).  In  the  pedal  veins,  valves  are 
about  ten  in  number,  in  the  tibial  region  there  are  about  eight  valves,  at  the  inner  side  of 
the  knee  three,  and  in  the  femoral  portion  about  nine.  From  the  outer  side  of  this  arch 
arises  the  sural  vein,  to  be  afterwards  traced  in  the  fascia  of  the  calf.  The  valves  are 
mostly  perfect  in  the  child,  but  become  imperfect  or  even  obsolete  in  old  age. 

With  the  saphena  vein  descends  the  saphenous  nerve,  distributed  to  the  skin  on  the 
inner  side  of  the  leg  as  far  as  the  ball  of  the  great  toe,  there  communicating  with  a  branch  of 
the  musculo-cutaneous  nerve. 

The  superficial  lymphatics  of  the  legs  are  large,  and  form  a  very  large,  close-meshed 
plexus  on  the  back  of  the  foot  beneath  the  rete  venosum  ;  from  this  and  from  the  outer  side 
of  the  leg  numerous  many-valved  lymphatic  vessels  pass  upwards  and  inwards,  streaming 
over  the  surface  of  the  tibia  fo  the  vicinity  of  the  saphena  vein,  along  with  which  they 
ascend  to  the  knee. 

371.  THE  DEEP  FASCIA  over  the  extensor  muscles  is  attached  internally 
to  the  crest  of  the  tibia  and  to  the  front  of  the  malleolus,  above  to  the  outer  edge 
of  the  head  of  the  tibia,  and  externally  to  the  anterior  ridge  of  the  fibula.  It  is 
strong  above  where  it  receives  fibres  from  the  vastus  extemus,  ilio-tibial 
ligament,  and  biceps.     The  superficial  fibres  run  downwards  and  inwards,  and 
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the  underlying  muscles  arise  from  it.  In  the  middle  of  the  leg  this  fascia  thins, 
but  below,  the  fascia  again  becomes  strong,  on  account  of  the  permanent  hyper- 
extension  of  the  ankle-joint,  as  it  has  to  bear  the  strain  of  the  extensor  tendons 
which  work  within  sheaths  of  it  as  in  so 
•many  pulleys.  Above  the  malleoli  these 
fibres  become  strong  and  form  a  nearly  trans- 
verse flat  band,  the.  superior  anterior 
annular  ligament;  below  this  there  is 

a  weak  area,  but  at  the  flexion  of  the  ankle 
the   fascia   over   the   tendon   appears  as  a 

x-shaped  band,  the  ligamentum  lamb- 
doideum  (fig.  602,  12).  The  long  leg  of 
the  lambda  stretches  from  the  inner  mal- 
leolus downwards  and  outwards  to  the 
calcaneum,  and  the  short  leg  starts  from 
the  middle  of  this  and  dips  downwards 
and  inwards  to  the  navicular  and  internal 
cuneiform  bones.  The  three  radiating  parts, 
however,  differ  from  each  other  in  arrange- 
ment of  fibres,  the  external  portion  is  really 

a  loop  (ligamentum  f  undif  orme)  attached 

to  the  calcaneum  and  projecting  upwards 
and  inwards,  and  through  this  loop  the  long 
extensor  tendons  of  the  toes  pass.  From  the 
inner  extremity  of  the  loop  pass  the  two 
inner  bands,  one  upwards  to  the  tibia,  one 
downwards  to  the  navicular.  Beneath  these 
there  are  two  sheaths  separated  from  each 
other  by  a  partition,  the  inner  for  the 
tibialis  anticus  (ib.,  2),  a  second  for  the  exten- 
sor hallucis  (ib.,  3)  and  the  vessels  and  nerve. 

The  bursa  lining  the  sheath  from  the  tibialis 
anticus  extends  upwards  as  far  as  the  superior 
band  of  the  annular  ligament;  the  bursa  for  the 
extensor  hallucis  only  extends  under  the  lambdoid 
ligament,  the  deep  wall  of  the  bursa  separating  the 
tendon  from  the  anterior  tibial  vessels  and  nerves 
which  here  pass  beneath  the  ligament ;  the  bursa 
for  the  other  extensor  tendons  lines  the  loop  of 
the  calcanean  attachment  of  the  ligament.  The 
sheath  for  the  tibialis  anticus  is  included  in  a 
splitting  of  the  fibres  of  the  ligament. 

Below  the  annular  ligaments  there  are  two  thin 
layers  of  fascia?  on  the  dorsum  of  the  foot — one 
weak,  overlying  the  tendons  and  lost  in  the  sub- 
cutaneous tissue  of  the  toes  ;  the  other  deeper, 
overlying  the  interossei  beneath  the  extensors. 

Divide  and  remove  the  fascia  on  the  front  of 
the  leg,  leaving  the  annular  ligaments,  and  clean 
the  subjacent  muscles. 

372.  TIBIALIS  ANTICUS  (fig.  602,  1), 
somewhat  prismatic,  arises  from  the  lower 
part  of  the  outer  surface  of .  the  head  of  the 
tibia,  and  from  the  upper  two-thirds  of  the 


Fig.  602.— Muscles  on  the  front  of  the 
leg— 11,  gastrocnemius;  5,  6,  extensor 
digitorum  longus;  7,  8,  peronei;  9, 
extensor  brevis  digitorum. 


outer  side  of  its  shaft,  from  the  fascia  which  covers  it,  and  from  the  tibial 
edge  of  the  interosseous  membrane.  A  thin  septum  of  fascia  dips  in  between 
it  and  the  extensor  digitorum  longus,  from  which  also  a  few  fibres  arise.  The 
fibres   converge  to  a  flattish  tendon  which  begins  on  the  front  of  the  muscle, 
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descends  over  the  anterior  surface  of  the  tibia,  through  the  innermost  sheath 
in  the  annular  ligament,  and  surrounded  by  a  long  cylindroidal  synovial 
bursa.  It  crosses  the  ankle,  astragalus,  navicular,  and  internal  cuneiform  bones 
to  be  inserted  by  two  imperfectly  separated  slips,  the  smaller  into  the  base  of  the 
first  metatarsal  bone,  and  the  larger  into  the  front  of  the  inner  side  of  the 
internal  cuneiform  (ib.,  2). 

A  small  bursa  underlies  its  tendon  as  it  glides  on  the  internal  cuneiform  bone.  It  has 
the  anterior  tibial  vessels  and  nerves,  the  extensor  longus  digitorum,  and  the  extensor  hallucis 
to  its  fibular  side.  It  flexes  the  ankle  and  everts  the  foot,  tending  to  supinate  it.  It  repre- 
sents the  extensor  ossis  metacarpi  pollkis  of  the  hand. 

373.  EXTENSOR  HALLUCIS  LONGUS  (fig.  602,  3,  4)  is  a  penniform 
muscle  arising  from  the  interosseous  margin  of  the  fibula  for  half  its  length  in 
the  middle  of  the  leg,  and  from  the  interosseous  membrane  beside  it.  The 
origin  is  narrow,  linear  above,  wider  from  the  interosseous  membrane  below. 
As  it  descends,  its  tendon  passes  beneath  the  annular  ligament,  having  a  short 
synovial  sheath  under  the  lambdoid  ligament ;  it  lies  on  the  ankle,  astragalus, 
navicular,  internal  cuneiform,  and  first  metatarsal,  passing  to  the  dorsal  surface 
of  the  great  toe,  where  it  is  inserted  into  the  base  of  the  second  phalanx. 

This  muscle  crosses  the  anterior  tibial  vessels  near  the  flexure  of  the  ankle,  these  lie 
internal  to  it  above,  external  to  it  below.  It  usually  sends  an  expansion  into  the  base  of  the 
first  phalanx  on  its  inner  side.     It  is  the  equivalent  of  the  extensor  pollicis  major  of  the  hand. 

374.  EXTENSOR  DIGITORUM  LONGUS  (fig.  602,  5,  6)  arises  from  the 
outer  condyle  of  the  tibia  superficial  to  the  tibialis  anticus,  from  the  upper  sixth 
of  the  interosseous  membrane,  from  the  fascia  over  it,  from  the  intermuscular 
septa  at  each  side  above,  and  from  the  narrow  anterior  surface  of  the  fibula ; 
not  more  than  one-fifth  of  the  muscle,  however,  has  a  bony  origin.  Its  fibres 
soon  join  the  tendon  which  begins  on  its  anterior  surface,  and  which  descends, 
variably  fasciculated  under  cover  of  the  transverse  part  of  the  annular  liga- 
ment, and  through  the  loop  of  the  lambdoid  ligament ;  here  the  tendon  consists 
of  four  or  five  slips,  if  of  four  the  innermost  here  divides  into  two,  so  that  five 
tendons  lie  on  the  dorsum  of  the  foot,  of  these  the  four  innermost  pass  forwards 
to  the  toes,  and  each  tendon  expands  on  the  back  of  the  first  phalanx  into  an 
aponeurosis  into  which  the  tendon  of  the  extensor  brevis  is  inserted.  This  dorsal 
aponeurosis  divides  into  three  bands  distally,  a  central  attached  to  the  middle 
of  the  base  of  the  second  phalanx,  and  two  lateral  which  converge  downwards 
to  the  middle  of  the  base  of  the  ungual  phalanx  (fig.  611,  3). 

The  outermost  tendon  passes  forwards  and  outwards  expanding  to  be 
inserted  into  the  dorsal  surface  of  the  base  of  the  fifth  metatarsal,  and  to  it 
the  name  peroneus  tertius  is  given.  The  fleshy  belly  attached  thereto  is  not 
naturally  separable  from  the  rest  of  the  extensor,  and  is  not  separately  innerv- 
ated. This  slip  is  peculiar  to  the  human  leg,  and  varies  a  little  in  its  range  of 
insertion.  There  is  no  corresponding  slip  in  the  forelimb,  and  it  seems  to  be  a 
differentiating  slip  in  the  process  of  specialisation  for  the  raising  of  the  outer 
edge  of  the  foot  (fig.  611,  4). 

Two  bursa?  are  related  to  the  tendon  of  this  muscle,  one  overlying,  the  other  under  lying 
the  tendon  at  the  ankle.  This  muscle  is  serially  homologous  with  the  extensor  digitorum 
communis  of  the  hand. 

375.  PERONEAL  NERVE.— These  muscles  are  supplied  by  branches  of 
the  peroneal  nerve  (p.  498),  which  has  been  traced  to  the  back  of  the  fibula 
(fig.  603,  1),  and  which  divides  into  its  two  terminal  branches,  musculo- 
cutaneous and  anterior  tibial,  as  it  traverses  the  peroneus  longus.  The 
outer  or  musculocutaneous  (ib.,  3,  4)  descends  through  the  peroneus  longus 
and  brevis,  pierces  the  deep  fascia  at  the  outer  side  of  the  extensor  longus 
digitorum  in  the  middle  third  of  the  leg,  dividing  in  the  superficial  fascia  into 
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inner  and  outer  branches  as  it  does  so.     Sometimes  the  division  is  subfascial 
and  then  the  inner  lamer  branch  fis™.™*  n  m.tio  ,K„™  +1. t__  w-sciai, 


inner  larger  branch  escapes  a  little  above  the  outer. 
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Fig-  603.  —Course  and  distribution  of  the  right 

peroneal  nerve— 1, peronealnerve;  2,external  Fig.  604.— Scheme  of  the  articular  rete  of  the  knee 

cutaneous  branch;  3,  4,  musculocutaneous;  and  of  the    course   and  branches  of   the    rights 

5,  6,  7,  branches  of  anterior  tibial  nerve.  anterior  tibial  artery. 
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Before  its  division  the  musculo-cutaneous  nerve  gives  off  two  branches  to 
the  peroneus  longus,  superior  and  inferior  ;  and  one  to  the  peroneus  brevis.  Its 
internal  terminal  branch  passes  over  the  annular  ligament  and  gives  off'  on 
the  dorsum  of  the  foot  (i)  a  hallueeal  branch,  which  unites  with  the  end-twig 
of  the  saphenous  nerve  and  supplies  the  inner  side  of  the  back  of  the  hallux  as 
far  as  the  nail;  (2)  a  communicating"  branch,  which  joins  the  terminal  branch 
of  the  anterior  tibial  nerve  in  the  first  interdigital  cleft ;  (3)  a  lateral  branch, 
which  descends  to  the  cleft  between  the  second  and  third  toes  and  supplies  the 

contiguous  dorsal  surfaces  of  these  digits.    The  external  terminal  branch 

descends  over  the  ankle  outside  the  extensor  digitorum  tendon  and  divides  into 
two— one  communicates  on  its  outer  side  with  a  branch  of  the  sural  nerve 
passing  behind  the  outer  ankle ;  the  combined  nerve  sending  digital  branches 
to  the  outer  side  of  the  little  toe  and  to  the  sides  of  the  cleft  between  the  fourth 
and  fifth  toes.  The  other  branch  supplies  the  contiguous  dorsal  surfaces  of  the 
third  and  fourth  toes.  There  is,  however,  much  variety  in  the  course  of  these 
digital  nerves. 

The  anterior  tibial  nerve  (fig.  603,  5)  passes  forwards  and  inwards  in 
front  of  the  fibula  through  the  peroneus  longus  and  beneath  the  extensor  digi- 
torum longus  muscles,  to  the  latter  of  which  it  here  sends  a  small  branch. 
Having  reached  the  outer  side  of  the  artery  of  the  same  name  it  descends 
with  it,  becoming  anterior  to  it  in  the  middle  of  the  leg,  but  resuming  its  out- 
ward position  again  towards  the  ankle.  Passing  with  the  artery  beneath  the 
middle  sheath  of  the  anterior  annular  ligament  it  continues  forwards  on  the 
back  of  the  foot  to  divide  into  its  two  terminal  branches. 

Close  to  the  knee  it  gives  off  a  recurrent    articular  branch  and  two 

nerves  to  the  tibialis  anticus,  and  the  branch  to  the  extensor  digi- 
torum ;  about  the  middle  of  the  leg  it  sends  the  branch  to  the  extensor 
hallueis,  and  at  the  ankle  it  gives  off  the  anterior  articular  branch  to 

that  joint.  The  outer  terminal  branch  (ib.,  6)  passes  under  the  extensor 
digitorum  brevis,  which  it  supplies,  and  is  usually  enlarged  into  a  pseudo- 
ganglion  which  sends  forwards  three  small  interosseous  branches,  which  give 
off  the  articular  branches  to  the  intertarsal  joints  and  divide  into  two  at  the 
proximal  ends  of  the  second,  third,  and  fourth  intermetatarsal  spaces  respectively, 
terminating  in  the  metatarso-phalangeal  joints.  The  innermost  of  these  sends 
a  fine  twig  to  the  second  dorsal  interosseous  muscle.  The  internal  terminal 
branch  (ib.,  7)  passes  forwards  to  the  first  interosseous  space  beneath  the 
tendons  of  the  extensors  of  the  hallux.  It  receives  a  communicating  branch  from 
the  musculo-cutaneous,  and  divides  into  two  branches  for  the  opposed  dorsal 
surfaces  of  the  great  and  second  toes.  Before  it  divides  it  gives  off"  the  first 
interosseous  branch,  which  supplies  the  articulations  of  the  first  space  and 
sends  a  branch  into  the  first  dorsal  interosseous  muscle.  It  corresponds  to  the 
posterior  interosseous  nerve  of  the  upper  limb. 

376.  ANTERIOR  TIBIAL  ARTERY,  one  of  the  terminal  branches  of 
the  popliteal  (p.  499),  passes  to  the  front  of  the  leg  through  the  space  between 
the  tibia  and  fibula,  below  the  upper  tibio-fibular  joint  and  above  the  upper 
edge  of  the  interosseous  membrane.  Thence  it  descends  along  a  line  drawn 
from  the  outer  condyle  of  the  tibia  to  the  middle  of  the  ankle-joint,  lying 
at  first  between  the  tibialis  anticus  and  the  extensor  digitorum,  then  be- 
tween the  tibialis  anticus  and  the  extensor  hallueis,  and,  shortly  above  the 
ankle,  it  lies  behind  the  latter,  projecting  rather  to  its  outer  side  as  it  passes 
with  it,  but  not  in  its  synovial  sheath,  under  the  lambdoid  ligament.  It  is 
covered  by  skin,  fascia,  the  annular  ligament,  and  the  muscles  on  each  side 
which  overlap  it,  crossed  by  the  extensor  hallueis  and  by  its  nerve,  which,  how- 
ever, is  external  to  it  both  above  and  below.     It  is  accompanied  by  two  veins 
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which  are  joined  together  by  many  cross  branches.  The  artery  and  veins  are 
tied  to  the  front  of  the  interosseous  membrane  by  a  series  of  areolar  bands,  but 
do  not  lie  in  a  regular  canal  of  the  membrane ;  for  the  lower  fourth  of  the  leg 
they  lie  on  the  front  of  the  tibia  and  the  anterior  part  of  the  capsule  of  the 
ankle. 

Before  it  reaches  the  front  of  the  leg  the  anterior  tibial  artery  gives  off  a 
recurrent  posterior  branch,  which  ascends  behind  the  popliteus  muscle  to 
join  the  inferior  external  articular  artery  above,  and  a  superior  fibular 
(fig.  604,  sup.  peron.),  which  passes  transversely  round  the  neck  of  the  fibula, 
through  the  peroneus  longus  ending  in  that  muscle.  These  branches  cannot  yet 
be  seen. 

On  emerging  in  front  of  the  interosseous  membrane  it  sends  upwards  an 
anterior  recurrent  branch  through  the  origin  of  the  extensor  digitorum, 
continuing  upwards  in  the  groove  between  the  outer  condyle  of  the  tibia  and 
the  head  of  the  fibula  to  supply  the  surrounding  muscles  and  to  end  in  the  rete 
of  the  knee,  anastomosing  chiefly  with  the  inferior  external  articular  artery. 
A  large  branch,  sometimes  separate  in  origin,  descends  between  the  extensor 
hallueis  and  the  extensor  digitorum,  which  below  anastomoses  with  the  peroneal 
artery. 

About  twelve  small  muscular  arteries  arise  on  each  side  of  the  an- 
terior tibial  artery,  which  run  nearly  transversely  into  the  muscles  on  each 
side.  Above  the  ankle  there  arise  two  malleolar  branches,  which  wind 
round  the  ankles  beneath  all  the  tendons.  The  external  is  the  larger,  and 
passes  to  the  rete  on  the  outer  ankle  formed  by  it  with  a  branch  of  the  external 
tarsal  and  of  the  peroneal.  The  internal  forms  a  similar  i*ete  over  the  inner 
ankle,  with  branches  of  the  posterior  tibial  and  internal  tarsal  arteries.  Both 
retia  send  off  nutrient  and  articular  arteries  to  the  bones  and  joint. 

Close  to  the  origin  of  the  external  malleolar,  the  tibial  artery  receives  a  communicating 
branch  from  the  peroneal  through  the  interosseous  membrane.  The  anterior  tibial  artery 
represents  the  posterior  interosseous  of  the  upper  limb,  and  this  communicating  branch 
resembles  the  posterior  branch  of  the  anterior  interosseous.  The  trunk  radial  artery  has  no 
equivalent  in  the  leg,  so  the  next  artery  which  corresponds  to  the  post-carpal  continuation 
of  the  radial  appears  as  the  continued  trunk  of  the  anterior  tibial ;  the  continuity  being  due 
to  the  dilatation  into  a  trunk  of  the  representatives  of  the  anastomosis  bstween  the  posterior 
interosseous,  the  posterior  carpal,  and  the  post-carpal  part  of  the  radial  artery. 

The  dorsal  artery  Of  the  foot  (tig.  604)  is  the  continued  trunk  of  the 
anterior  tibial  artery  from  the  ankle  forwards.  It  runs  beneath  the  dorsal 
tendons,  appearing  in  the  interspace  between  the  tendons  of  the  extensor  hallueis 
longus  and  the  extensor  brevis.  Having  reached  the  first  interspace  it  divides 
into  its  terminal  branches,  dorsalis  hallueis  and  the  first  interosseous 
perforating.  The  nerve  lies  to  its  outer  side  for  its  whole  extent.  The 
branches  of  the  dorsalis  pedis  before  its  final  division  are — (i)  several  internal 
tarsal  branches  to  the  bones  and  soft  parts  on  the  inner  side  of  the  ankle, 
joining  the  internal  malleolar  rete  above ;  (2)  one  external  tarsal  arising  over 
the  navicular  and  arching  outwards  under  the  short  extensor,  making  with  the 
next  an  extensive  dorsal  arterial  rete ;  (3)  the  metatarsal  is  a  larger  branch 
which  passes  outwards  under  the  short  extensor,  forming  an  arch  which  exter- 
nally terminates  by  anastomosing  with  the  branches  of  the  external  tarsal.  It 
gives  off  from  its  distal  side  three  interosseous  arteries  to  the  three  outer 
interspaces,  each  of  which  sends  a  posterior  perforating  branch  between  the 
heads  of  the  dorsal  interosseous  muscle  to  join  the  deep  plantar  artery ;  at  the 
distal  end  of  the  metatarsals  each  divides  into  three  branches,  one  of  which, 
the  anterior  perforating,  passes  to  the  plantar  surface  to  join  the  plantar  digital 
vessels;  the  others  supply  the  opposed  sides  of  the  digital  clefts  on  the  dorsal  side. 
The  outermost  branch  of  the  metatarsal  supplies  the  outside  of  the  little  toe. 
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The  dOPSalis  hallucis  descends  in  the  first  interosseous  space,  and  re- 
sembles, but  on  a  larger  scale,  the  other  interosseous  vessels.  The  first 
interosseous  perforating1,  similarly,  is  like,  but  larger  than,  the  perforating 
branches  in  the  outer  spaces,  and  in  the  sole  it  anastomoses  with  the  terminal 
branch  of  the  deep  plantar  arch.  It  represents  the  perforating  portion  of  the 
radial  artery  in  the  upper  limb. 

377.  SHORT  EXTENSOR  MUSCLES.— On  the  back  of  the  foot  beneath 
the  long  tendons,  but  over  the  vessels,  there  are  two  closely  connected  muscles, 
which  should  be  examined  next. 

(i)  Extensor  hallucis  brevis  (fig.  603)  arises  by  two  heads,  one  from 
a  tubercle  on  the  calcaneum  near  the  mouth  of  the  sinus  tarsi,  the  other  from 
the  deep  process  of  the  loop  of  the  lambdoid  ligament  (ligamentum  fundiforme)  ; 
descending  obliquely  inwards,  its  tendon  crosses  the  dorsalis  pedis  artery,  and 
is  inserted  into  the  base  of  the  first  phalanx  of  the  great  toe.  It  is  but  little, 
or  not  at  all,  connected  with  the  tendon  of  the  long  extensor. 

Extensor  brevis  digitorum  arises  by  several  vertical  tendinous  lamella? 
from  the  calcaneum  between  the  two  attachments  of  the  loop  of  the  lambdoid 
ligament  and  from  the  neighbouring  border  of  the  cuboid  bone.  The  muscle 
divides  into  three  slender  fleshy  bellies  whose  tendons  are  inserted  into  the 
dorsal  aponeurosis  of  the  second,  third,  and  fourth  toes  respectively,  uniting 
with  the  tendons  of  the  long  extensor.  The  corresponding  muscles  in  the  upper 
limb  are  only  represented  by  rudimental  slips,  of  which  that  for  the  ring  finger 
is  the  most  frequently  present. 

378.  THE  BACK  OF  THE  LEG  AND  SOLE  OF  THE  FOOT.— These  regions  are  so 
closely  connected  that  they  should  be  examined  together,  for  which  purpose  the  limb  should 
be  placed  on  its  extensor  aspect  aud  the  skin  divided  by  a  vertical  incision  from  the  popliteal 
space  to  the  heel  and  by  a  cross  cut  from  one  malleolus  to  the  other,  across  the  back  of  the  heel ; 
reflect  the  two  lateral  flaps.  Beneath  the  skin  on  the  calf  the  sural  vein  can  be  traced, 
beginning  below  at  the  outer  limb  of  the  rete  venosum  dorsale  (p.  500),  and  ascending  behind 
the  outer  ankle  and  along  the  middle  of  the  calf  to  open  into  the  popliteal  vein  (p.  499).  In 
this  vein  there  are  eight  valves ;  a  small  superficial  sural  branch  of  the  popliteal  artery 
accompanies  it. 

The  cutaneous  nerves  of  the  calf  are — (1)  the  external  cutaneous  of  the  peroneal  (p.  498) 
and  the  two  communicantes  (p.  498).  These  unite  at  a  variable  distance  down  the  back  of  the 
leg  and  form  the  superficial  sural  nerve  which  supplies  the  skin  over  the  calf  to  the 
heel,  and  whose  terminal  branch  winds  forwards  beneath  the  outer  ankle  to  join  the  musculo- 
cutaneous nerve  (p.  502).  Beneath  the  skin  of  the  back  of  the  heel  and  over  the  insertion 
of  the  tendo  Achillis  there  is,  not  uncommonly,  a  subcutaneous  bursa. 

379.  THE  DEEP  FASCIA  of  the  calf  is  the  continuation  downwards  of 
that  of  the  popliteal  space,  and  is  strengthened  externally  by  its  attachment  to 
the  head  of  the  fibula  and  by  fibres  from  the  biceps  tendon.  Internally  it  is 
attached  to  the  edge  of  the  tibia,  over  the  inner  side  of  which  the  fascia  is 
strengthened  by  fibres  from  the  sartorius,  gracilis,  and  semitendinosus  tendons. 
At  the  lower  half  of  the  leg  a  deep  process  of  the  fascia  dips  in  beneath  the 
superficial  muscles  of  the  calf  (fig.  606,  16),  covering  the  deep  flexor  muscles  ; 
these  two  layers  remain  partly  separable  at  the  ankle;  the  fascia  of  the  calf, 
however,  becomes  thinner,  while  that  over  the  deep  muscles  here  thickens  into 
an  internal  annular  ligament.  This  stretches  from  the  inner  side  of  the  cal- 
caneum to  the  back  of  the  inner  ankle  and  the  navicular  bone.  It  is  split 
close  to  the  ankle  to  form  a  sheath  transmitting  the  tibialis  posticus  tendon, 
external  to  which  in  a  separate  sheath  passes  the  flexor  digitorum  tendon.  In 
a  superficial  sheath  at  a  different  level  pass  the  posterior  tibial  vessels  and 
nerves,  and  at  its  outermost  part,  where  it  is  attached  to  the  calcaneum,  the  flexor 
hallucis  passes  beneath  it.  The  lower  border  of  the  ligament  is  continuous  into 
the  inner  part  of  the  plantar  fascia. 

Externally,  an  intermuscular  septum  dips  between  the  soleus  and  deep 
flexors   behind   and   the  peronei  externally,  and,   at  the  lower  border  of  this 
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septum,  the  fascia  over  the  peronei  becomes 
strengthened  into  an  external  annular  liga- 
ment under  which  the  peronei  descend. 


E  ig.605.  —Superficial  dissection  of  the  muscles 
and  nerves  of  the  left  calf—  1,  peroneal 
nerve ;  2,  its  external  cutaneous  branch  ;  3, 
communreans  fibularis ;  4,  popliteal  nerve ; 
5,  branches  to  the  gastrocnemius ;  6,  com- 
municates tibialis  ;  7,  union  of  communi- 
cantes  to  form  the  posterior  saphenous 
nerve ;  8,  calcanean  branch  ;  9,  sural 
cutaneous  branches  of  internal  saphenous 
nerve  ;  io,  posterior  tibial  nerve. 


Fig.  606. — Second  layer  of  muscles  of  the  left 
calf  —  1,  biceps  ;  2,  semitendinosus  ;  3, 
vastus  internus  ;  4,  semimembranosus  ;  5, 
its  fascial  insertion  ;  6,  inner  head  of  gastro- 
cnemius ;  7,  plantaris ;  8,  soleus ;  9,  popli- 
teus ;  10,  bursa;  n,  gastrocnemius;  12, 
tendo  Achillis  ;  13,  popliteus  ;  14,  plautaris 
tendon;  15,  fascia  over  popliteus;  l6, 
deep  tibial  fascia. 
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Dissection. — Remove  this  fascia  from  the  calf  and  expose  the  surface  of  the  subjacent 
muscle  and  tendon. 

380.  GASTROCNEMIUS  arises  by  two  heads  from  the  gastrocnemial  area 
above  each  condyle  of  the  femur  and  from  the  subjacent  part  of  the  capsule  of 
the  knee.  The  lateral  portions  of  each  head  are  tendinous,  especially  where  the 
hamstring  tendons  bear  upon  them,  the  parts  which  border  the  popliteal  space 
which  arise  from  the  supracondyloid  ridges  are  mostly  fleshy.  Each  head 
widens  as  it  descends  and  receives  its  nerve  and  vessel  on  the  aspect  towards 
the  middle  of  the  space  (fig.  605,  5,  5).  The  inner  head  (fig.  606,  6)  is  the 
larger,  rises  to  a  higher  level,  and  is  fleshy  lower  down  the  outer ;  it  has  a 
bursa  between  its  origin  and  the  back  of  the  femur  which  frequently  communi-' 
cates  with  the  knee-joint,  and  a  second  but  occasionally  communicating  bursa 
between  its  inner  border  and  the  semimembranosus  (Brodie's  bursa,  fig.  277), 
while  the  outer  head  has  usually  a  fine  streak  of  cartilage  and  not  uncommonly  a 
sesamoid  bone  in  its  origin.  The  fleshy  portions  on  each  side  end  in  a  tendon 
which  begins  on  the  deep  surface  and  which  overlaps  the  soleus,  and  is  inserted 
with  it  (fig.  606,  n).  The  fleshy  fibres  close  to  the  borders  of  the  popliteal 
space  are  inserted  into  the  central  part  of  the  tendon  on  each  side  of  the  middle 
line. 

The  outer  head  is  in  contact  externally  with  the  biceps  and  peroneal  nerve  ;  the  inner 
with  the  two  inner  hamstrings.  The  inferior  limit  of  origin  on  each  side  is  the  attachment 
of  the  capsule  behind  the  knee  ;  the  inner  head  is  not  restricted  to  the  supracondyloid  ridge, 
but  extends  outwards  into  the  floor  of  the  popliteal  space  external  to  it.  The  communicaus 
tibialis  nerve  (fig.  605,  6)  often  lies  in  a  canal  between  the  two  heads  as  they  converge. 

Divide  the  gastrocnemius  at  its  union  with  the  soleus,  taking  care  to  avoid  the  plantaris, 
which  should  next  be  cleaned.  The  gastrocnemius  represents  the  flexor  carpi  radialis  of  the 
forelimb  greatly  expanded  and  divided  and  lying,  as  does  that  muscle,  between  the  inner 
and  outer  flexors. 

381.  PLANTARIS  (fig.  606,  7),  a  small  pyriform  belly  with  a  tendon  five  times 
as  long,  ax-ises  above  and  internal  to  the  origin  of  the  outer  head  of  the  gastro- 
cnemius from  the  outer  supracondyloid  ridge,  but  chiefly  from  the  capsule 
of  the  knee  close  to  the  sesamoid  cartilage.  Its  tendon,  the  longest  in  the 
body,  descends  from  without  inwards  between  the  gastrocnemius  and  the  soleus 
to  emerge  at  the  inner  edge  of  the  gastrocnemius  tendon  along  which  it  passes 
to  be  inserted  into  the  inner  and  back  part  of  the  calcaneum. 

This  is  a  disappearing  muscle,  and  was  originally  a  perforate  flexor  of  the  first  joint  of 
the  toes  of  earlier  vertebrates,  whose  tendon  in  most  quadrupeds  passes  over  the  heel  and 
expands  in  the  sole  into  an  aponeurotic  expansion.  In  the  plantigrade  human  foot  the  pi*o- 
jection  of  the  heel  and  the  pressure  borne  thereon  has  interrupted  the  course  of  the  tendon, 
so  that  the  plantar  portion  remains  as  the  plantar  fascia,  while  the  crural  portion  has  become 
rudimentary  and  almost  functionless,  except  as  an  accessory  to  the  gastrocnemius.  In  this 
respect  it  forms  an  interesting  morphological  contrast  with  the  peroneus  tertius  which  is  an 
inchoate  muscle.  The  nerve  to  the  plantaris  passes  into  the  deep  surface  of  the  muscle  so 
that  the  fleshy  belly  separates  it  from  the  nerve  to  the  outer  head  of  the  gastrocnemius,  while 
the  nerve  to  the  soleus  likewise  is  interposed  between  the  plantaris  and  the  outer  head  of 
the  gastrocnemius.     It  corresponds  to  the  palmar  is  longus  of  the  upper  limb. 

382.  SOLEUS  (fig.  606,  8),  a  complex  muscle,  arises  from  the  upper  third 
of  the  back  of  the  fibula  by  a  strong  tendon  which  extends  along  the  outer 
edge  of  the  muscle  nearly  to  the  ankle,  and  which  is  also  attached  to  the 
septum  between  it  and  the  peroneus  longus  ;  a  second  tendon  of  origin  extends 
as  an  archway  from  the  fibula  to  the  tibia,  crossing  the  tibial  vessels  and  nerve; 
and  a  third  tendon,  the  smallest,  arises  from  the  oblique  line  on  the  tibia  below 
the  popliteus  muscle  extending  some  way  along  the  inner  margin  of  the  tibia. 
The  fleshy  fascicles  ai*e  short  and  oblique,  and  pass  in  various  sets  to  a  flat 
tendon  of  insertion  which  begins  on  the  superficial  aspect,  at  first  as  a  series 
of  vertical  streaks  very  near  the  knee,  and  these  coalescing,  form  a  thickening 
and  narrowing  tendinous  plane,  but  appearing  on  the  surface  only  as  a  median 
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stripe  into  whose  surface  the  tendon  of  the  gastrocnemius  is  inserted.  As  this 
approaches  the  ankle  it  narrows  into  a  stout  cord,  the  tendo  Achillis  (fig.  606, 
12),  the  strongest  tendon  in  the  body,  about  n  cm.  long  by  2  broad  and  6 
mm.  thick,  and  is  inserted  into  the  lower  and  back  part  of  the  calcaneum. 

The  fibres  from  the  fibular  tendon  diverge  bipenniformly,  the  outer  going  to  the  outer 
margin  of  the  tendon  of  insertion,  the  inner  to  its  deep  surface  and  to  the  median  stripe  of 
the  tendon.  The  fibres  from  the  arch  descend  vertically  into  the  deep  surface  of  the  teudon. 
The  tibial  origin  is  also  bipenniform. 

The  tendo  Achillis  glides  over  the  upper  part  of  the  back  of  the  heel  from 
which  it  is  separated  by  a  bursa,  whose  synovial  membrane  is  villous  along  its 
margin ;  both  the  tendon  and  the  heel  are  coated  at  this  place  by  a  thin  layer 
of  fibro-cartilage  to  diminish  friction. 

These  great  muscles  of  the  calf  are  large  muscles  with  short  fascicles,  and  are  capable  of 
powerful  contraction.  They  act  as  extensors  of  the  ankle  and  as  flexors  of  the  knee.  The 
soleus  receives  two  nerves,  one  from  the  popliteal  arising  close  to  the  nerve  for  the  outer 
head  of  the  gastrocnemius,  and  one  arising  lower  down  aud  running  obliquely  to  the  deep 
plane  of  fibres  arising  from  the  tendinous  arch.  The  tibial  head  of  the  soleus  is  secondary 
in  origin,  and  is  almost  peculiar  to  man  being  only  occasionally  present  in  one  or  two  of  the 
anthropoids.  The  muscle  is  represented  in  the  upper  limb  by  the  ulnar  origin  of  the  flexor 
sublimis  digitorum,  which  has  here  become  fused  with  the  representative  of  the  flexor  ca7-pi 
radialis  at  its  insertion. 

383.  TERMINATION  OF  THE  POPLITEAL  ARTERY.— Divide  the  tendo 
Achillis  and  remove  the  gastrocnemius  and  soleus  muscles,  thereby  the  two  lowest 
branches  and  the  termination  of  the  popliteal  artery  are  exposed  (§  369). 
These  are— (7)  the  inferior  internal  articular  (fig.  604)  which  passes  under 
the  internal  lateral  ligament  of  the  knee  to  the  lower  and  inner  part  of  the  rete 
articulare,  and  (8)  the  inferior  external  articular  which  passes  beneath 
the  outer  head  of  the  gastrocnemius,  the  biceps  tendon,  and  the  external  lateral 
ligament,  and  over  the  popliteus  tendon  to  terminate  in  the  rete  on  the  outer 
side. 

The  rete  articulare  forms  a  large  network  of  vessels  around  and  over  the  patella  and  on 
the  contiguous  ends  of  the  femur  and  tibia.  The  vessels  which  form  this  plexus  are  the 
four  articular  branches  of  the  popliteal,  the  descending  branch  of  the  external  circumflex 
femoral,  the  terminal  branch  of  the  profunda,  the  anastomotica  and  the  tibial  recurrent. 
The  largest  vessels  to  the  patella  enter  it  from  above,  hence  pads  pressing  on  the  upper 
edge  of  this  bone  in  cases  of  fracture  may  interfere  with  its  nutrition  (fig.  604). 

The  two  terminal  bi'anches  of  the  popliteal  artery  separate  from  each  other 
at  the  lower  border  of  the  popliteus  muscle ;  one  (9),  the  anterior  tibial,  can 
now  be  seen  as  it  passes  forwards,  and  its  two  earliest  branches  can  be  followed 
(p.  505).  The  second  terminal  branch,  posterior  tibial,  is  hereafter  to  be 
traced  down  the  back  of  the  leg.  The  formation  of  the  popliteal  vein,  by 
the  convergence  of  three  veins,  each  formed  by  the  union  of  the  anterior 
tibial,  the  posterior  tibial,  and  the  peroneal  venae  comites  respectively,  can  now 
also  be  seen. 

Raise  the  popliteal  artery  and  divide  the  biceps  tendon.  Remove  also  the  fascia  over 
the  popliteus  muscle  and  clean  its  surface. 

384.  POPLITEUS  (figs.  606,  15  ;  608,  6)  arises  by  a  strong  tendon  from 
the  lower  and  front  part  of  the  popliteal  groove  in  the  outer  condyle  of  the 
femur.  The  tendon  descends  backwards  over  the  articular  margin  of  the 
outer  condyle  when  the  knee  is  extended,  but  it  lies  in  the  popliteal  sulcus 
when  the  knee  is  flexed ;  it  crosses  aud  grooves  the  outer  edge  of  the  outer 
semilunar  cartilage  in  the  knee  and  lies  beneath  the  biceps  tendon,  the  external 
lateral  ligament  and  the  inferior  external  articular  artery.  The  tendon  gives 
rise  to  diverging  fleshy  fascicles  forming  a  wide  triangular  muscle  which  is 
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inserted  into  the  triangular  surface  on  the  tibia  between  the  soleal  line,  the 
infraglenoid  margin,  and  the  edge  of  the  internal  lateral  ligament. 

The  extreme  fibres  of  this  muscle  form  with  each  other  an  angle  of  about  400,  and  are  of 
very  variable  lengths. 

The  popliteus  acts  as  a  flexor  and  pronator  of  the  leg.  Its  nerve,  from  the  popliteal, 
enters  its  lower  and  anterior  margin.     It  represents  the  pronator  teres  of  the  upper  limb. 

385.  SUPERFICIAL  DISSECTION  OF  THE  SOLE.— Previous  to  dissecting  the  deep 
flexor  muscles  of  the  leg,  divide  the  skin  of  the  sole  of  the  foot  from  the  heel  to  the  base  of 
the  second  toe,  and  by  a  second  incision  across  the  bases  of  the  toes.  The  reflection  of  the 
flaps  of  skin  is  a  matter  of  some  difficulty,  as  the  subjacent  plantar  fascia  is  tied  to  the  skin, 
especially  at  the  bases  of  the  toes,  by  many  strong  fibres.  Beneath  the  skin  is  a  quantity  of 
granular  fat  surrounded  by  tough  septa  of  areolar  tissue ;  when  this  fat  is  carefully  removed, 
especially  towards  the  heel,  the  terminal  filaments  of  the  internal  calcanean  nerves  are  seen 
perforating  the  annular  ligament  and  passing  to  the  skin  of  the  heel.  Farther  forwards 
towards  the  toes,  when  the  fat  is  removed  from  the  interdigital  spaces,  the  digital  nerves 
and  vessels  appear  passing  to  the  sides  of  the  toes  under  bridging  bands  of  the  deep  fascia, 
hence  the  removal  of  the  fat  must  be  warily,  but  should  be  thoroughly,  accomplished. 

The  plantar  fascia  is  twofold.  There  is  a  general  deep  fascia  of  very 
varying  thickness  enveloping  the  muscles  of  the  sole,  but  in  the  middle  this  has 
become  specially  developed  and  strengthened,  having  worked  up  into  it  what 
was  originally  the  plantar  portion  of  the  tendon  of  the  plantaris.  This 
Central  portion  is  glistening  white,  and  consists  chiefly  of  longitudinal  fibres 
attached  behind  to  the  edge  of  the  internal  tubercle  of  the  calcaneum.  As  it 
passes  forwards  it  widens  and  thins,  and  the  number  of  transverse  fibres 
increases.  On  reaching  the  heads  of  the  metatarsal  bones  it  divides  into  five 
slips,  each  of  which  expands  and  divides  into  two  strata — superficial  and  deep. 
The  chief  superficial  layer  is  inserted  into  the  skin  along  the  deepest  part  of  the 
pre-digital  sulcus,  while  the  deeper  part  divides  into  two  lateral  bands,  which 
are  lost  in  the  capsular  ligaments  of  the  metatarso-phalangeal  joints  and  sheaths 
of  the  flexor  tendons.  The  cross  fibres  here  appear  very  strong  and  distinct, 
binding  these  slips  together,  and  forming  bridges  across  the  digital  nerves  and 
vessels. 

Along  the  side  of  this  middle  portion  of  the  plantar  fascia  are  two  lateral 
intermuscular  septa,  which  clip  in  along  the  lines  of  the  furrows  which, 
when  the  fat  is  removed,  limit  the  margins  of  the  middle  area ;  these  septa  are 
strongly  marked  behind,  but  become  weaker  and  more  interrupted  in  front. 
They  separate  the  muscles  of  the  hallux  and  little  finger  respectively  from 
those  of  the  middle  area. 

The  fascia?  of  the  lateral  area  of  the  sole  are  continuous  with  those  of  the  back  of  the  leg, 
and  form  sheaths  respectively  for  the  muscles  of  the  hallux  and  little  toe.  The  inner  is  the 
weaker ;  the  outer  becomes  strengthened  along  a  line  joining  the  outer  side  of  the  fifth 
metatarsal  spur  and  the  calcaneum.  This  strengthened  band,  the  ligament  Of  the  fifth 
metatarsal,  often  exhibits  fleshy  fibres,  and  forms  an  outermost  muscle  in  the  sole,  the 
abductor  ossis  metatarsi  minimi  digiti. 

Dissection. — Divide  the  middle  portion  of  the  plantar  fascia  transversely  about  8  cm.  in 
front  of  the  heel,  and  remove  it,  dissecting  the  two  flaps  respectively  forward  and  backward, 
avoiding  injury  to  the  underlying  internal  plantar  nerve.  The  fascia  must  be  carefully 
detached  from  the  underlying  muscle,  as  this  takes  origin  therefrom. 

386.  THE  MUSCLES  OF  THE  SOLE  of  the  foot  are  often  divided  arti- 
ficially into  four  layers.  They  naturally  fall,  however,  into  three  groups — a 
central  and  two  lateral.  The  first  muscle  exposed  in  the  present  dissection  is 
the  flexor  brevis  which  immediately  underlies  the  middle  part  of  the  plantar 
fascia. 

Flexor  brevis  digitorum  arises  from  the  inner  tubercle  of  the  calcaneum, 
from  the  intermuscular  septa,  and  from  the  fascia  covering  it.  After  a  short 
course  it  divides  into  three  fleshy  slips,  which  become  tendinous,  the  outermost 
detaching  from  its  outer  edge  an  additional  or  fourth  tendon.     These  tendons 
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Fig.  607. — Superficial  dissection  of  the  sole  of  the  foot,  the  plantar  fascia  being  removed— 1, 
flexor  brevis  digitorum  ;  2,  portion  of  plantar  fascia  ;  3,  tendon  of  short  flexor  for  little 
toe;  5,  long  flexor  for  little  toe  ;  6,  lumbricalis  ;  7,  the  sheath  of  the  flexor  longus  tendon ; 
8,  tendon  in  its  sheath;  9,  flexor  hallucis  ;  10,  abductor  hallucis ;  II,  12,  flexor  brevis 
hallucis  ;  13,  adductor  obliquus  hallucis  ;  14,  adductor  transversus  hallucis ;  15,  abduc- 
tor minimi  digiti. 
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pass  to  the  four  outer  toes,  and  each  enters  the  sheath  of  the  flexor  tendons  and 
divides  at  the  base  of  the  first  phalanx  into  two  slips,  between  which  the  long 
flexor  tendon  passes.  These  lateral  slips  coalesce  beneath  the  long  flexor  and, 
having  again  separated,  are  inserted  into  the  lateral  ridges  of  the  second 
phalanx.  The  mode  of  insertion  is  the  same  as  that  of  the  flexor  suhlimis 
digitorum  in  the  hand,  of  which  this  muscle  is  the  serial  homologue ;  but  the 
parts  are  smaller  and  often  rudimental,  especially  in  the  little  toe.  Along  its 
inner  side  run  the  internal  plantar  artery  and  nerve ;  a  branch  of  the  latter 
supplies  the  muscle. 

Divide  this  muscle  as  its  belly  is  about  to  divide,  and  reflect  it.  Examine  also  and 
then  remove  the  deep  tibial  fascia  above.  This  is  a  partition  dipping  in  from  the  deep 
fascia  of  the  calf  on  the  inner  side,  where  it  is  attached  to  the  edge  of  the  tibia  ;  and,  covering 
the  deep  flexors,  it  is  attached  externally  to  the  hinder  edge  of  the  fibula,  and  to  the 
posterior  intermuscular  septum.  Above,  it  becomes  thin  as  it  underlies  the  soleus,  and  it 
is  attached  to  the  tibia  beneath  its  origin,  and  to  the  tendinous  arch  of  that  muscle.  It  has 
little  or  no  connection  with  the  fascia  covering  the  })opliteus  muscle,  which  is  a  downward 
expansion  of  the  semimembranosus  tendon  ;  below,  it  thickens  and  forms  the  internal  annular 
ligament.     In  removing  this  fascia  leave  for  the  present  the  annular  ligament. 

387.  FLEXOR  DIGITORUM  LONGUS  (fig.  608,  7,  8),  the  muscle  on  the 
tibial  side  of  the  leg,  arises  from  the  hinder  surface  of  the  shaft  of  the  tibia 
below  the  soleal  line  and  internal  to  the  oblique  line,  and  from  the  fascia  over 
it,  and  the  septum  on  its  outer  side.  This  fascial  origin  may  form  a  sling 
over  the  tibialis  posticus  above,  and  may  even  rise  thereby  to  the  fibula  below 
the  soleus.  A  similar  tendinous  arch  sometimes  exists  where  its  tendon  crosses 
tibialis  posticus,  below  which  sometimes  the  lower  fibres  extend.  From  this 
origin  the  muscle  descends,  overlapped  by  the  soleus  above,  and,  having  become 
tendinous,  it  crosses  over  the  tibialis  posticus  below,  and  traverses  the  second 
sheath  in  the  posterior  annular  ligament  behind  the  inner  ankle.  It  enters 
the  sole  and  is  here  overlapped  a  little  by  the  origin  of  the  abductor  hallucis,. 
but  comes  to  the  surface  in  the  space  laid  bare  by  the  reflection  of  the  flexor 
brevis  digitorum.  It  crosses  superficial  to  the  tendon  of  the  flexor  hallucis 
longus,  under  the  outer  cuneiform  bone  at  the  inner  part  of  this  space,  and 
receives  a  strong  slip  from  that  tendon  as  well  as  the  insertion  of  the  flexor 
accessorius  (fig.  609),  after  which  it  divides  into  four  tendons  which  pass  through 
the  clefts  in  the  flexor  brevis,  to  be  inserted  into  the  basis  of  the  ungual 
phalanges  of  the  four  outer  digits. 

The  flexor  accessorius  (fig.  609 ;  the  muscle  crossed  by  the  line  from 
3)  arises  under  cover  of  the  flexor  brevis  from  the  inner  and  lower  surface  of  the- 
calcaneum,  and  from  the  inner  edge  of  the  calcaneo-cuboid  ligament.  A  second 
or  outer  head  is  often  present,  arising  tendinously  from  the  lower  surface  of 
the  calcaneum  in  front  of  the  outer  tubercle  and  from  the  calcaneo-cuboid 
ligament.  The  fibres  from  these  origins  pass  directly  forwards,  and  are  inserted 
by  short  fibrous  bands  into  the  deep  surface  and  outer  border  of  the  long  flexor 
tendon  as  it  is  dividing,  being  chiefly  attached  to  the  tendons  for  the  third  and 
fourth  toes,  very  seldom  to  the  fifth. 

The  tendons  of  the  long  flexors  having  been  thrust  far  inwards  by  the  disproportionate 
development  of  the  calcaneum,  the  tendons  to  the  outer  toes  are  thereby  rendered  extremely 
and  unequally  oblique,  and  in  order  to  correct  this  obliquity  a  part  of  the  muscle  has  been, 
displaced  downwards  in  origin.  The  history  of  the  development  and  the  commonest 
anomalies  of  the  accessory  flexor  show  it  to  be  a  tarsal  slip  of  this  muscle.  The  resultant  is 
directed  very  nearly  in  the  axis  of  the  foot. 

The  connecting  slip  from  the  flexor  hallucis  is  most  commonly  continued  into  the  tendons 
for  the  second  and  third  toes  (54  per  cent.),  or  into  those  of  the  second,  third,  and  fourth 
(30  per  cent.),  more  rarely  into  the  second  alone  (15  per  cent.),  or  to  all  (1  per  cent.).  A  slip- 
from  the  flt-xor  longus  may  pass  to  the  tendon  of  the  flexor  hallucis  in  about  one  in  every 
four  feet,  illustrating  the  original  unity  of  these  muscles,  which  have  become  sundered  by 
differentiation  of  function  and  crossed  on  account  of  the  extreme  pronation  of  the  foot. 
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LumbPicaleS  (fig-  607,  6)  are  four  small  muscles  arising  from  the  opposed 
surfaces  of  the  tendons  of  the  flexor  digitorum  longus,  as  far  back  as  the  point 
of  their  division,  each  arising  from  two  tendons,  except  the  first,  which  lies  on 

the  great  toe  side  of  the  tendon  for  the 
second  digit;  passing  forwards,  each  ten- 
don lies  on  the  tibial  side  of  each  of  the 
four  outer  toes  respectively,  and  is  in- 
serted into  the  dorsal  aponeurosis  and 
the  base  of  the  first  phalanx. 

Each  tendon  glides  over  a  small  bursa  at 
the  head  of  the  metatarsal  hone.  The  two  in- 
nermost lumbricales  are  innervated  by  the  in- 
ternal plantar  nerve,  the  two  outermost  by  the 
external. 

388.  FLEXOR  HALLUCIS  LONGUS 

(fig.  608,  11)  arises  from  the  posterior  and 
postero-internal  surface  of  the  fibula  be- 
low the  soleus  and  from  the  intermuscular 
septa  on  each  side:  it  descends  enlarging, 


Fig.  608. — Deep  muscles  on  the  back  of 
the  leg — 1,  inner  head  of  gastrocnemius; 
2,  outer  head  of  gastrocnemius  ;  3,  plan- 
taris  ;  4,  5,  tendo  Achillis  ;  6,  popli- 
teus  ;  7,  flexor  digitorum  longus ;  8, 
its  tendon  ;  9,  tibialis  posticus ;  10,  its 
tendon  ;  1 1,  flexor  hallucis  longus  ;  12, 
peronei. 


Fig.  609. — Muscles  and  nerves  of  second  layer 
in  the  sole  of  the  foot.  For  references  see 
§39L 
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and  its  fascicles  are  inserted  in  a  penniform  manner  into  its  tendon,  which,  in 
its  course,  grooves  the  back  of  the  inner  ankle,  the  back  of  the  astragalus,  and 
the  sustentaculum  tali.  It  is  crossed  at  the  outer  cuneiform  bone  by  the 
flexor  digitorum,  and  is  connected  to  it  as  has  been  just  described.  Still 
farther  forward  the  tendon  passes  between  the  two  slips  of  the  flexor  hallucis 
brevis,  between  the  two  sesamoid  bones,  and  is  finally  inserted  into  the  base  of 
the  second  phalanx  of  the  hallux.  Its  tendon  acts  in  the  line  of  the  axis  of 
the  foot.  The  sheath  in  the  annular  ligament  traversed  by  this  muscle  is 
the  deepest  part  of  that  ligament,  and  each  successive  part  of  its  bony  groove  is 
converted  by  ligament  into  a  canal.  This  muscle  lies  on  the  fibula,  the  peroneal 
muscles,  tibialis  posticus,  interosseous  membrane,  and  ankle. 

389.  TIBIALIS  POSTICUS  (fig  608,  9)  lies  between  the  two  long  flexors, 
arising  chiefly  from  the  upper  and  outer  part  of  the  back  of  the  tibia,  from  the 
fibular  half  of  the  interosseous  membrane,  and  from  the  tibialis  area  of  the 
fibula,  from  the  fascia  which  covers  it,  and  from  the  intermuscular  septum 
between  it  and  the  last.  It  is  bipenniform  above,  but  singly  penniform  for  its 
lower  half.  Its  tendon  passes  beneath  that  of  the  flexor  longus  digitorum  (ib.,  10), 
and  grooves  the  back  of  the  inner  malleolus,  lying  in  the  innermost  sheath  of 
the  annular  ligament ;  here  it  is  surrounded  by  a  bursa.  It  descends  over  the 
internal  lateral  ligament,  and  beneath  the  calcaneonavicular  ligament,  and  is 
inserted  chiefly  into  the  lower,  inner  and  hinder  border  of  the  navicular  and 
internal  cuneiform  bones.  As  the  tendon  passes  over  the  navicular  it  is 
thickened  by  containing  a  sesamoid  cartilage  from  which  collateral  fibrous 
bands  pass  off,  one  backwards  to  the  calcaneum,  one  outwards  to  the  outer 
cuneiform,  a  third  to  the  cuboid,  and  a  series  of  small  fascicles  to  the  heads  of 
the  second,  third,  and  fourth  metatarsals. 

Tibialis  posticus  is  the  representative  of  a  muscle  rarely  present  except  as  a  fibrous  rudi- 
ment in  the  upper  limb,  the  radio-carpeus. 

390.  POSTERIOR  TIBIAL  ARTERY.— The  terminal  branch  of  the 
popliteal  (§  369)  descends  upon  the  deep  muscles  of  the  leg,  ending  at  a  point 
midway  between  the  calcaneum  and  inner  ankle  by  dividing  into  the  two 
plantar  arteries.  In  this  long  course  it  lies  on  the  tibialis  jiosticus,  the  flexor 
longus  digitorum,  and  the  tibia,  ending  on  the  capsule  of  the  ankle.  It  is 
covered  by  the  skin,  fascia,  the  great  muscles  of  the  calf,  deep  tibial  fascia,  and 
by  its  nerve,  which,  having  been  on  its  inner  side  at  the  upper  third  of  the  leg, 
crosses  it  to  get  to  the  outer  side,  along  which  it  lies  for  the  remaining  two- 
thirds.  Venae  comites  lie  one  on  either  side.  The  artery  can  be  felt  pulsating 
behind  the  inner  ankle,  and  it  is  here  covered  by  the  skin,  superficial  fascia 
containing  a  variable  amount  of  fat,  two  layers  of  the  deep  fascia  (the  deeper 
being  the  annular  ligament).  Its  branches  are — (1)  nutrient  to  the  tibia,  the 
largest  diaphysial  artery  in  the  body ;  (2)  peroneal,  a  large  branch  which 
descends  beneath  the  soleus  across  and  into  the  flexor  hallucis  longus ;  it  then 
lies  in  a  canal  between  the  fibula  and  this  muscle  with  the  interosseous 
membrane  in  front;  herein  it  descends  to  the  ankle-joint.  The  peroneal  artery 
gives  off  (A)  muscular  branches  to  the  soleus,  flexor  hallucis,  tibialis  ])osticus,  and 
peronei:  (B)  nutrient  to  the  fibula;  (0)  anterior  peroneal  which  passes  forwards 
through  the  interosseous  membranes  about  3  cm.  above  the  ankle,  and  ends  in 
the  external  malleolar  rete  with  the  outer  malleolar  branch  of  the  anterior 
tibial  and  external  tarsals ;  this  vessel  may  supplant  the  lower  part  of  the 
anterior  tibial :  (D)  communicating,  which  passes  transversely  inwards  to  join 
the  posterior  tibial  a  little  above  the  ankle :  (E)  posterior  peroneal  branches 
which  distribute  themselves  behind  the  outer  ankle  to  the  back  of  the  outer 
malleolar  rete :  and  (F)  calcanean  branches  to  the  outside  of  the  heel  communi- 
cating with  the  external  plantar.     (3)  MllSCUlar  branches  from  the  posterior 
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tibial  are  larger  but  not  so  numerous  as  from  the  anterior  tibial.  They  nourish 
the  soleus,  tibialis  posticus,  and  flexor  digitorum.  (4)  The  communicating' 
branch  joins  the  peroneal  as  just  described.  (5)  Internal  malleolar  passes 
to  the  rete  over  the  inner  ankle.  (6)  Calcanean  supplies  the  inner  side  of  the 
heel  and  the  soft  parts  over  it. 

(7)  The  internal  plantar  artery  passes  forwards  in  the  sole  of  the  foot  in 
the  interval  between  the  abductor  hallucis  (which  at  first  covers  it)  and  the  flexor 
brevis  digitorum,  lying  superficial  to  the  border  of  the  long  flexor  tendons.  It 
passes  forwards  in  the  groove  between  the  inner  and  middle  parts  of  the  plantar 
fascia  as  far  as  the  ball  of  the  great  toe,  sending  branches  into  the  abductor 
hallucis  and  the  flexor  brevis  digitorum,  and  overlying  the  internal  plantar  nerve. 
At  the  base  of  the  first  metatarsal  bone  its  main  trunk  dips  deeply,  and  joins  the 
digital  branch  from  the  dorsalis  pedis,  which  is  here  passing  to  the  cleft  between 
the  great  and  second  toes.  On  its  way  it  only  gives  off  small  branches,  one  of 
these  accompanies  and  overlies  the  internal  plantar  nerve,  and  may  join  the 
superficial  branch  of  the  external  plantar  artery  to  form  a  superficial  plantar 
arch.     This,  however,  is  seldom  large  enough  to  admit  coarse  injection. 

(8)  External  plantar,  the  largest  artery  of  the  foot,  passes  forwards  and 
outwards  in  the  sole,  at  first  between  the  calcaneum  and  the  abductor  hallucis, 
then  under  cover  of  the  flexor  brevis  and  on  the  flexor  accessorius  as  far  as  the 
level  of  the  fifth  metatarsal.  Turning  then  forwards  between  the  flexor  brevis 
and  the  abductor  minimi  digiti,  it  dips  deeply  inwards,  and  crosses  beneath  the 
long  flexor  tendons  and  htmbricales,  lying  on  the  interossei  and  forming  the  deep 
plantar  arch  on  the  level  of  the  hinder  fourth  of  the  metatarsal  bones.  In  its  first 
stage,  or  that  between  the  flexor  brer  is  and  accessorius,  it  gives  off  branches  to 
the  latter  and  to  the  heel.  In  its  second,  as  it  passes  forwards  between  the 
short  flexor  and  the  abductor  minimi  digiti,  it  supplies  the  muscles  of  the  little 
toe,  and  sends  the  branch  to  the  outer  side  of  the  little  toe.  From  the  third  stage, 
or  that  of  the  plantar  arch,  it  gives  (or  receives)  three  perforating  branches  to 
join  those  of  the  metatarsal  artery  (p.  505) ;  it  gives  off  forwards  four  digital 
branches  to  the  four  interspaces,  each  of  which  joins  the  anterior  perforating 
branch  of  the  metatarsal,  and  then  divides  into  two  for  the  contiguous  surfaces 
of  the  clefts.  The  plantar  arch  terminates  by  anastomosing  with  the  first  per- 
forating branch  of  the  dorsalis  pedis  ;  and  it  gives  off  an  internal  branch  to  the 
tibial  side  of  the  great  toe.  Each  digital  branch  unites  with  its  fellow  by  two 
terminal  arches,  one  in  the  pulp  of  each  toe,  and  one  beneath  the  matrix  of  the 
nail.  In  many  cases  the  arch  is  really  the  continuation  of  the  perforating  branch  of 
the  dorsalis  pedis,  the  serial  homologue  of  the  radial  artery  and  deep  palmar  arch. 

391.  THE  POPLITEAL  NERVE  (p.  499),  which  at  the  lower  border  of  the 
popliteus  muscle  changes  its  name  and  becomes  posterior  tibial,  lies  on  the 
popliteus,  and  there  gives  off  a  large  branch  to  that  muscle,  from  which  the  nerves 
to  the  shaft  of  the  tibia  and  to  the  interosseous  membrane  arise ;  the  latter  des- 
cends in  that  membrane  to  the  ankle-joint,  often  expanding  into  a  pseudo-gang- 
lion at  the  lower  fourth  of  the  leg.  Below  these,  the  posterior  tibial  gives  off 
branches  to  the  tibialis  jiosticus,  the  oblique  nerve  to  the  soleus  and  the  periosteal 
nerve  to  the  fibula,  from  which  vasomotor  filaments  to  the  peroneal  artery 
arise.  About  half  way  down  the  leg  the  branches  to  the  flexors  digitorum  and 
hallucis  arise,  and  a  little  lower  the  nerve  to  the  posterior  tibial  artery.  As  it 
passes  through  its  sheath  under  the  annular  ligament  it  sends  off  a  cutaneous 
branch  which  pierces  the  annular  ligament  and  divides  into  calcanean  and 
plantar  branches  to  the  skin  of  the  heel  and  sole.  The  nerve  ends  external  to 
the  artery,  by  dividing  into  internal  and  external  plantar  branches.  The 
internal  plantar  (fig.  609,  7),  the  larger,  becomes  superficial  on  the  outer  side 
of  the  abductor  hallucis,  and  passes  forwards  between  this  muscle  and  the  flexor 
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digitorum  brevis,  where  it  divides  into  its  terminal  branches.  Before  its  division 
it  gives  off  branches  to  the  abductor  hallucis  (ib.,  8)  and  to  the  flexor  brevis  digi- 
torum (ib.,  3).  Its  first  terminal  branch  passes  forwards  and  inwards  on  the 
plantar  side  of  the  abductor  hallucis,  and  supplies  the  inner  head  of  the  flexor 
hallucis  brevis  (ib.,  9)  and  the  skin  on  the  tibial  side  of  the  great  toe  (ib.,  10). 
The  outer  terminal  branch  passes  between  the  plantar  fascia  and  the  tendons  of 
the  flexor  brevis  digitorum  ;  it  divides  first  into  two,  then  its  outer  branch  again 
bifurcates,  and  each  of  these  three  pass  forwards  to  the  three  inner  digital  clefts 
(11,  12,  13),  where  each  divides  and  supplies  the  opposed  surfaces.  From  the  first 
and  second  digital  nerves  arise  the  branches  to  the  first  and  second  lumbricales  (11). 
The  external  plantar  nerve  (ib.,  2)  sinks  between  the  flexor  brevis  and  the 
flexor  accessorius  with  the  external  plantar  artery,  and  turns  forwards  between  the 
flexor  brevis  digitorum  and  the  abductor  minimi  digiti,  in  which  interval  it  divides 
into  superficial  and  deep  terminal  branches.  Before  dividing  it  gives  off 
branches  (i)  to  the  abductor  minimi  digiti,  and  (2)  to  the  flexor  accessorius.  The 
superficial  terminal  branch  unites  with  the  internal  plantar  and  sends  a  branch 
to  the  cleft  between  the  fourth  and  fifth  toes  (ib.,  7),  which  supplies  the  third 
and  fourth  lumbricales  as  well  as  the  skin  of  the  cleft ;  and  one  to  the  fibular 
side  of  the  little  toe,  which  sends  the  nerve  of  supply  to  the  short  muscles  of 
the  little  toe  and  the  interossei  of  the  fourth  interspace  (ib.,  5).  The  deep  branch 
of  the  external  plantar  supplies  the  remaining  muscles  of  the  sole  of  the  foot 
(ib.,  6). 

The  usual  distribution  of  the  cutaneous  nerves  of  the  toes  is  given  in  the  following  table, 
but  may  vary,  owing  to  varieties  of  the  branching  of  the  peroneal  nerve: — 


Plantak. 

Doksal. 

~,       ,  ,       f  Tibial     side,     .  1 
Greattoe|  Fibular     „        .) 

,   ,       (Tibial        „        .1 
2ndtoe|  Fibular     ,"        .} 

„   ,-  ,      I  Tibial       „       .  ) 
3rd   toe  j  Fibular     »          | 

,,     .       \  Tibial 
4th   toe  j  Fibular     »        . 

„.,     >       f  Tibial       ,,       .  \ 
5th  toe|Fibular     »          J 

Internal  plantar. 
External  plantar. 

Musculo-cutaneous  +  Saphenous. 
Anterior  tibial  +  Musculo-cutaneous. 
Internal  branch  of  musculo-cutaneous. 

External  branch  of  musculo-cutaneous. 

J  Sural  nerve  +  External  branch  of 
{               musculo-cutaneous. 

392.  THE  SHORT  MUSCLES  OF  THE  GREAT  TOE  are  four— 

1.  Abductor  hallucis  (fig-  607,  10)  arises  from  the  inner  tubercle  of  the 
calcaneum,  from  the  internal  annular  ligament,  the  investing  fascia,  and  the  sep- 
tum between  it  and  the  flexor  brevis,  by  the  latter  origin  arching  over  the  plantar 
vessels  and  nerves  and  the  inner  tendons  which  pass  beneath  the  annular 
ligament.  Farther  forward  it  has  usually  an  origin  from  the  tubercle  of  the 
navicular  and,  through  the  fascia  covering  it,  from  the  base  of  the  first  meta- 
tarsal bone.  The  fibres  converge  to  a  tendon  which  is  inserted  into  the  inner 
side  of  the  base  of  the  first  phalanx  of  the  great  toe  and  into  the  inner 
sesamoid  bone. 

It  acts  as  a  flexor  and  abductor,  but  its  power  of  abduction  is  slight,  and  in  an  undis- 
turbed foot  it  cannot  move  the  great  toe  more  than  8°  inwards  from  the  middle  line  of  the 
first  metatarsal.    Divide  its  tendon  and  reflect  it  backwards,  cleaning  the  underlying  muscle. 

2.  Flexor  brevis  hallUCiS  (fig-  610,  3,  4)  arises  by  a  narrow  origin  from  the 
calcaneo-cuboid  ligament  and  its  prolongation  underlying  the  cuboid  and  inner 
cuneiform  bones,  and  from  one  of  the  slips  of  the  tibialis  posticus  tendon ;  from 
this  scarcely  divided  origin  two  bellies  arise,  which  pass  forwards,  one  to  the 
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outer,  the  other  to  the   inner  sesamoid  bone   at  the  base  of  the  great  toe, 


Fig.  610. — Deep  muscles  of  the  sole  of  the  foot — 9,  calcaneo-cuboid  ligament;  10,  tendon  of 
peroneus  longus ;  11,  of  peroneus  brevis ;  12,  sheath  of  flexor  hallucis ;  13,  14,  of 
flexor  digitorum  ;  15,  insertion  of  tibialis  anticus. 

the  'former   uniting   at  its  insertion  with  the  abductor,   the   latter    with    the 
adductor  hallucis. 
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3.  Adductor  obliquUS  halluciS  ('fig.  610,  1),  external  to  the  last,  arises 
under  cover  of  the  long  flexor  tendons,  from  the  ligamentous  sheath  of  the 
peroneus  longus,  and  from  the  bases  of  the  second  and  third  metatarsal  bones. 
The  belly  fills  the  hollow  on  the  outside  of  the  first  metatarsal  and  overlaps 
the  plantar  arch.     It  is  inserted  into  the  outer  sesamoid  bone  of  the  great  toe. 

4.  Adductor  transversus  hallucis  (tig.  610,  2—transversalis  pedis),  a 

narrow  transverse  muscle,  arises  by  three  slips  from  the  under  surfaces  of  the 
4th  and  5th  metatarso-phalangeal  capsular  ligaments,  sometimes  also  from  the 
3rd,  and  runs  transversely  under  cover  of  the  long  flexor  tendons  to  be  inserted 
with  the  last  into  the  outer  sesamoid  bone  of  the  hallux. 

This  muscle  forms  the  base  of  the  plantar  triangle  wherein  the  plantar  arch  is  contained,, 
the  two  sides  of  which  are  the  adductor  obliquus  hallucis  and  the  flexor  brevis  minimi  digiti. 

393.  THE  MUSCLES  OF  THE  LITTLE  TOE  are  three— 

1.  Abductor  minimi  digiti  (fig.  607,  16),  the  most  superficial,  arises  from 
nearly  the  whole  breadth  of  the  under  border  of  the  inner  tubercle  of  the 
calcaneum,  extending  above  the  flexor  brevis  digitorum  even  to  its  tibial  side,  from 
the  fascia  which  covers  it,  and  from  the  septum  between  it  and  the  flexor 
brevis.  Its  overlying  fascia  is  strongly  attached  to  the  fifth  metatarsal  spur,  and 
through  it  the  muscle  takes  origin  from  that  part.  It  is  inserted  into  the  outer 
side  of  the  base  of  the  first  phalanx  of  the  little  toe. 

Divide  this  muscle  behind  the  base  of  the  fifth  metatarsal  and  reflect  its  two  parts, 
exposing  and  cleaning  the  two  underlying  muscles. 

2.  Flexor  brevis  minimi  digiti  (fig.  610,  5)  arises  from  the  anterior 
prolongation  of  the  calcaneo-cuboid  ligament  and  from  the  base  of  the  fifth 
metatarsal,  and  is  inserted  into  the  outer  side  of  the  base  of  the  first  phalanx 
of  this  toe. 

3.  Opponens  minimi  digiti  (ib.,  6),  not  always  distinct,  arises  deeper  than 
the  flexor  from  the  sheaths  of  the  peroneus  longus  and  the  ligaments  beneath  the 
heads  of  the  fourth  and  fifth  metatarsal  bones.  It  is  inserted  into  the  anterior 
half  of  the  lower  surface  of  the  fifth  metatarsal  bone. 

394.  DISSECTION. — Remove  the  fascia  covering  the  peronei  muscles  on  the  outer  side 
of  the  fibula,  and  divide  the  sheaths  which  bind  the  tendons  of  these  muscles  in  their  places 
as  far  as  their  insertion. 

The  outer  surface  of  the  fibula  is  covered  by  the  two  peronei  muscles. 

Peroneus  longUS  (fig.  611,  8),  the  more  superficial,  arises  from  the  outer 
surface  of  the  head  of  the  fibula  and  from  a  variable  portion  (usually  about  the 
upper  two-fifths)  of  the  upper  and  back  part  of  the  outer  surface  of  the  shaft, 
as  well  as  from  the  contiguous  area  of  the  investing  fascia  and  the  septa 
intervening  between  it  and  the  extensor  and  flexor  muscles.  Its  tendon  descends 
over  that  of  the  next  muscle,  and  at  first  is  included  in  a  common  fibrous  canal 
with  it,  and  invested  by  a  common  synovial  membrane.  It  grooves  the  back 
of  the  outer  malleolus,  and  descends  on  the  outside  of  the  calcaneum;  here  it 
leaves  the  tendon  of  the  peroneus  brevis,  enters  a  separate  canal  below  the 
trochlear  process  of  the  calcaneum,  grooves  the  outer  side  of  the  cuboid,  and 
enters  a  deep  groove  on  the  plantar  side  of  that  bone,  in  which  it  is  bound  down 
by  a  forward  extension  of  the  calcaneo-cuboid  ligament.  It  is  inserted  into  the 
outer  side  of  the  base  of  the  first  metatarsal  and  into  the  internal  cuneiform 
bone. 

The  plantar  portion  is  invested  with  a  separate  synovial  bursa.  The  tendon  is  thickened 
at  the  malleolus,  and  still  more  so  at  its  second  alteration  in  direction  at  the  trochlear 
process  of  the  calcaneum  ;  here  it  has  often  a  sesamoid  cartilage  and  occasionally  a  sesamoid 
bone.  The  upper  fibres  are  often  attached  to  the  external  lateral  ligament  of  the  knee,  which 
was  originally  the  femoral  origin  of  this  muscle,  but  which  has  degenerated  into  a  ligament, 
and  has  become  separately  attached  to  the  femur  and  fibula.     At  the  neck  of  the  fibula,  3  cm. 
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below  the  styloid  process,  the  muscle  is  pierced  by  the  peroneal  nerve,  whose  musculo- 
cutaneous  branch  passes  downwards  in  its  substance 
for   a   short   distance.      It  represents  the  flexor  carpi 
ulnar  in  of  the  forearm. 

From  its  sheath  in  the  sole  of  the  foot  the  adductor 
obliquus  hallucis  and  the  flexor  brevis  minimi  digiti  arise. 

Peroneus  brevis  is  shorter  and  deeper, 
arising  beneath  the  last  from  the  rest  of  the 
outer  surface  of  the  shaft  of  the  fibula,  as  far 
down  as  its  lower  fourth.  There  is  seldom  a 
line  on  the  fibula  to  indicate  the  division  be- 
tween the  origin  of  this  and  the  last  muscle,  and 
very  little  fascial  sheath  between  the  muscles.  It 
arises  also  for  the  intermuscular  septum,  between 
it  and  the  flexor  hallucis.  It  descends  behind  the 
outer  ankle  with  the  last,  from  which  its  tendon 
separates  at  the  trochlear  process  of  the  cal- 
caneum,  where  it  enters  a  separate  groove,  and 
passes  forwards,  to  be  inserted  into  the  outer 
and  back  surface  of  the  base  of  the  fifth  meta- 
tarsal bone.  It  is  supplied  by  a  branch  of  the 
musculocutaneous  nerve,  and  by  branches  of 
the  anterior  tibial  and  peroneal  arteries. 

From  its  insertion  a  slip  of  tendon  passes  forwards, 
pierces  the  tendon  of  the  peroneus  tertius,  and  ends  in 
the  extensor  aponeurosis  of  the  little  toe.  This  slip  is 
called  peroneus  quinti  digiti;  it  is  rarely  absent,  and 
still  more  rarely  has  an  independent  belly,  the  normal 
condition  in  marsupials.  It  represents  the  extensor  carpi 
uhiaris  of  the  forearm. 

The  peronei  extend  the  foot,  raise  its  outer 
edge,  and  evert  it,  thus  tending  to  supinate  it. 
Extravagant  action  of  these  muscles  co-existing 
with  relaxation  of  the  calcaneonavicular  liga- 
ments produces  the  form  of  flat-foot,  called 
talipes  valgus. 

395.  INTEROSSEI.- By  removing  the  ad-      10 
ductors  of  the  pollex  and  the  long  flexor  tendons,  2  — 
and   dividing   the   transverse   interdigital  liga-5 
ments,    the    interOSSei    are    exposed.       These 
are    seven    in    number  —  three    plantars,    one 
headed    muscles,    which    adduct 
the  toes  towards  the  middle  line 
of  the  second  toe,  and  four  dor- 
sals, two-headed  muscles,  which 
abduct  the  toes  from  the  middle 
line    of  the    second    toe.       Each 
dorsal    interosseous,     except    the 


first,    arises    from    the    opposed  F-     6lI._Muscles  on  the  outer  side  of  the  teg_ 


-1, 1, 


surfaces  of  the  metatarsal  bones 
in  each  interspace,  and  its  heads 
are  separated  by  the  perforating 
artery.  These  muscles  are  visible 
on  the  dorsum  of  the  foot. 

The    first    dorsal    inter- 
osseous arises  by  an  inner  head  from   the  base  of  the  first  metatarsal  and 


tibialis  anticus  ;  3,  extensor  digitorum;  4,  peroneus 
tertius ;  5,  flexor  hallucis  proprius ;  6,  peroneus 
longus ;  7,  its  tendon  ;  8,  peroneus  brevis ;  9,  its 
tendon  ;  10,  anterior  annular  ligament;  II,  external 
annular  ligament ;  12,  gastrocnemius ;  13,  tendo 
Achillis ;   14,  calcaneum. 
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from  the  outer  side  of  the  internal  cuneiform  bone,  sometimes  from  the 
insertion  of  the  peroneus  longus.  Its  external  head  is  from  the  second  meta- 
tarsal bone,  and  its  insertion  into  the  inner  side  of  the  base  of  the  first  phalanx 
and  the  dorsal  extensor  aponeurosis  of  the  second  toe.  The  second  dorsal 
interosseous  is  inserted  into  the  outer  side  of  the  second  toe ;  the  third  and 
fourth  which  takes  additional  origins  from  the  sheath  of  the  peroneus  longus, 
are  inserted  respectively  into  the  outer  sides  of  the  third  and  fourth  toes. 

The  three  plantar  interOSSei  arise  respectively  from  the  tibial  sides  of 
the  third  and  fourth  and  fifth  metatarsal  bones,  from  the  sheaths  of  fascia  in 
front  of  the  tendon  of  the  peroneus  longus  in  close  connection  with  the  origin  of 
the  flexor,  and  opponens  minimi  digiti,  and  the  two  outer  dorsal  inter ossei.  The 
fibres  passing  forwards  are  inserted  into  the  tibial  sides  of  the  bases  of  the 
first  phalanges  and  dorsal  aponeuroses  of  the  third,  fourth,  and  fifth  toes 
respectively. 

Where  each  plantar  interosseous  tendon  plays  over  the  metatarso-phalangeal 
joint  of  the  toes  there  are  often  bursa?,  as  well  as  for  the  tendons  of  the  second 
and  third  dorsals.     The  predominant  action  of  the  pedal  interossei  is  flexion. 

The  short  muscles  of  the  hand  and  foot  are  specialisations  in  different  directions  of  a 
simpler  embryonic  arrangement,  in  which  there  are  for  each  digit  four  muscles — a  ventral 
adductor,  a  paired  intermediate  flexor,  and  a  dorsal  abductor.  The  muscles  superficial 
to  the  deep  division  of  the  external  plantar,  or  deep  branch  of  the  ulnar  nerve,  are  the 
remains  of  a  series  of  plantar  or  palmar  adductor  muscles,  whereof  originally  there  was  one 
for  each  finger.  In  man  only  the  adductors  of  the  pollex  and  hallux  survive  of  this  series. 
The  stratum  beneath  this,  the  flexor  layer,  consists  of  paired  slips  for  each  digit,  the  two 
for  the  pollex  being  the  two  heads  of  the  flexor  pollicis,  the  two  for  the  little  finger  being  the 
third  palmar  interosseous  and  the  flexor  brevis  minimi  digiti,  the  ulnar  flexor  of  the  index 
and  the  radial  of  the  ring  finger  being  the  first  and  second  palmar  interossei,  while  the 
radial  flexor  of  the  index,  the  two  flexors  of  the  middle,  and  the  ulnar  of  the  ring  have 
disappeared.  In  the  foot,  the  comparable  series  consists  of  the  two  heads  of  the  flexor  hal- 
lucis,  the  radial  flexors  of  the  middle  and  fourth  toes,  represented  by  the  first  and  second 
plantar  interossei,  and  the  two  flexors  of  the  little  toe,  represented  by  the  third  plantar 
interosseous  and  the  flexor  brevis  minimi  digiti.  The  dorsal  abductor  series  is  represented 
by  the  dorsal  interossei  and  the  two  abductors  of  the  extreme  digits.  The  opponentes  are 
deep  segmentations  from  the  flexor  group  of  muscles.  The  lumbricales  are  only  displaced 
slips  of  the  long  flexor  muscles. 

While  it  is  probable  that  in  the  archaic  chiropterygium  the  muscles  were  disposed  around 
the  axial  bone  in  each  digit,  yet  in  the  mammalian  hand  and  foot  the  bones  have  become  so 
closely  approximated  that  in  the  earliest  fcetal  condition  of  the  hand  all  the  muscles  are  on  the 
palmar  and  plantar  aspects.  This  state  is  thcpermanent  one  in  many  mammals,  but  in  the 
course  of  human  foetal  growth  the  dorsal  interossei  become  pressed  backwards  between  the 
bones,  until  they  appear  on  the  dorsal  surface.  Primarily  the  dorsal  interossei  have  only 
single  heads,  but  as  they  move  backwards  they  become  secondai'ily  connected  to  the 
metatarsal  bone  on  the  other  side  of  their  interspaces.  The  chief  structural  difference  of 
kind  between  the  hand  and  the  foot  is  the  position  of  the  axis  of  adduction  and  abduction, 
which  is  the  middle  line  of  the  third  digit  in  the  hand,  but  the  second  in  the  foot.  The 
other  differences  are  mainly  extreme  differences  of  degree  and  adaptation.  The  suppression 
of  the  superficial  plantar  arch  of  arteries  is  due  to  the  compression  of  the  surface  in 
plantigrade  progression,  and  there  is  correlated  therewith  an  interesting  hydraulic  arrange- 
ment, whereby,  owing  to  the  disposition  of  the  deep  septa  of  the  plantar  fascia,  superficial 
compression  in  standing  makes  tense  those  deep  fascial  processes  which  are  attached  to  the 
adventitious  coats  of  the  deep  plantar  vessels,  thereby  actually  holding  them  open.  It  is 
these  fascial  connections  of  the  vascular  coats  which  occasion  the  profuse  bleedings  in  wounds 
of  the  sole  of  the  foot,  and  which  cause  the  difficulty  in  isolating  the  vessels  to  ligature  them. 
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396.  SURFACE  MARKINGS.— While  the  body  is  in  the  position  for  the  dis- 
section of  the  perineum,  the  sui-face  markings  of  the  head  and  neck  should  be 
observed,  the  scalp  dissected,  and  the  brain  removed. 

The  margin  of  the  hairclad  area  of  the  scalp  appears  abrupt  in  front  of  the 
mastoid  processes,  but  is  less  perfectly  defined  posteriorly.  The  skin  of  this 
region  is  pale,  even  white,  during  life,  and  is  so  closely  tied  to  the  subjacent 
textures,  that  in  contused  wounds,  the  whole  thickness  of  the  scalp  usually 
gives  way.  The  scalp  hairs  are  more  or  less  elliptical  in  section,  and  in  different 
individuals  they  vary  in  setting,  coloui',  length,  and  diameter ;  fair  hair  being 
usually  more  slender  and  more  closely  set  than  dark.  The  hair  follicles  dip 
through  the  skin  and  are  directed  obliquely,  for  the  most  part  diverging  from 
the  obelion  in  a  somewhat  spiral  series.  The  axis  of  each  follicle  may  be  straight 
or  curved,  the  hair  accordingly  being  straight,  wavy,  curly,  or  woolly. 

Fair  hair  is  usually  from  '049  nun.  to  "070  in  diameter ;  red  hair  from  "057  to  "078 ;  rechlish 
chestnut  brown  from  -047  to  '075  ;  dark  brown  from  '054  to  '097  ;  and  black  from  "067  to 
"IO-I.  The  closeness  of  planting  is  usually  in  the  inverse  ratio  of  the  diameter,  and  is  generally 
in  the  proportion  of  100  fair  to  90  brown  or  S2  black  hairs.  The  average  number  of  scalp 
hairs  in  the  male  may  be  estimated  at  about  125,000,  a  little  more  than  twice  as  many  as 
are  found  on  the  rest  of  the  body.  At  the  vertex  the  hairs  are  usually  about  162  to  the  sq. 
cm.,  on  the  front  of  the  scalp  about  120,  and  at  the  back  about  138.     The  hair  of  the  negro 

is,  in  section,  a  long  ellipse  with  an  index  (  - — = — )  of  50  or  thereabouts,  while  the 

index  of  the  average  European  hair  is  about  68  ;  that  of  Malays  and  Turanians  80.     The 
coarsest  hair  is  that  of  the  Malays,  Micronesians,  and  East  Asiatic  Turanians. 

The  cuticle  of  the  scalp  is  moderately  thick,  with  a  brittle,  easily-detached  stratum 
corneum,  whose  shed  particles  when  agglutinated  by  dried  sebaceous  secretion  constitute 
dandriff.  The  liability  of  the  scalp  to  cutaneous  disease  is  largely  due  to  the  mechanical 
retention,  by  the  hair,  of  irritant  particles  of  dirt,  or  parasites.  The  sweat  glands  of  the 
scalp  are  small,  occasionally  opening  into  the  hair  follicles,  but  the  sebaceous  glands  are  large, 
and  about  135  to  the  sq.  cm. 

The  surface  of  the  skin  of  the  forehead  is  more  or  less  uneven  in  adult 
males,  becoming  wrinkled  by  habitual  muscular  action.  It  is  smoother  in 
females  and  in  children,  and  is  bounded  below  by  the  hair-crowned  Superciliary 
arches  or  eyebrows,  between  which  at  the  frontO-nasal  Sulcus  there  is 
generally  a  nearly  naked  interval  or  glabella,  only  bearing  small  slender  hairs, 
except  in  synophryous  faces.  The  hairs  are  directed  upwards  and  forwards  at 
the  inner  fourth  of  the  eyebrow,  but  upwards  and  outwards  at  an  increasing 
angle  for  the  rest  of  the  arch  ;  they  are  usually  about  118  to  the  sq.  cm.  The 
upper  hairs  are  frequently  decurrent,  the  lower  ascending.  The  skin  of  the 
upper  eyelid  below  the  brow  is  thin  and  bears  very  slender  short  hairs  with 
small  sebaceous  glands  and  many  sweat  glands,  especially  near  its  margin,  and 
is  marked,  above  its  free  border,  by  one  or  two  folds  of  retraction  (the  superior 
palpebral  fold)  conspicuous  when  the  eye  is  open,  but  flattened  out  in  the  closed 
eye.  This  fold  deepens  internally  to  form  the  OCUlo-nasal  reeeSS.  Near  the 
lower  border  of  the  upper  lid  is  a  superior  marginal  sulcus  parallel  to  the  free 
border.  The  two  lids  bound  the  transversely  elongated  rictus  OCUli  wherein 
the  eyeball  appears,  and  their  angles  of  union  externally  and  internally  are 
called  respectively  the  outer    and  the   inner   canthus.       The  former  is  a 
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sharp  angle,  at  which  the  upper  lid  slightly  overlaps  the  lower.  The  latter  is 
rounded,  depressed,  on  a  lower  level  than  the  outer,  the  fissure  between  the 
lids  extending  5  ram.  internal  to  the  eyeball;  and  its  margins  bound  a  bay- 
like space,  the  laCUS  lacrymalis,  in  which  lies  a  small  reddish  body,  the 
earuncula  lacrymalis,  between  which  and  the  eyeball  is  a  small  fold  of 
mucous  membrane,  the  plica  Semilunaris  or  rudiment  of  the  third  eyelid, 
whose  concave  free  margin  is  directed  upwards  and  outwards.  The  border 
of  each  lid  is  thickened,  flat-edged  where  it  comes  in  contact  with  its  fellow, 
sharp-edged  towards  the  eyeball  (limbus  posterior),  and  it  bears  close  to  its 
more  rounded  anterior  edge  (limbus  anterior)  several  rows  of  up-curved  hairs,  the 
Cilia,  each  7  to  15  mm.  long;  longest  in  the  middle,  diminishing  in  length  toward 
either  canthus.  The  hairs  of  the  lower  row  of  cilia  or  eyelashes  are  shorter  and 
weaker  than  the  upper,  and  have  a  down-turned  concavity.  Behind  these  there 
opens  a  row  of  sebaceous  glands,  the  Meibomian  follicles.  The  hairs  extend 
almost  to  the  external  canthus,  but  generally  stop  short  near  the  inner  at  a  small 
conical  lacrymal  papilla  on  each  lid  (5  mm.  from  the  canthus  on  the  upper, 
6  on  the  lower  lid) ;  on  the  inner  side  of  the  summit  of  which  there  is  a 
minute  hole,  the  punctum  lacrymale,  which  is  closely  applied  to  the  surface 
of  the  eye.  The  lower  papilla  is  larger  and  on  a  plane  external  to  the  upper. 
A  pin  passed  sagittally  backwards  through  the  outer  canthus  will  pierce  the 
outer  circumference  of  the  eyeball,  but  one  passed  midway  between  the  upper 
and  lower  lacrymal  papilla  will  be  almost  tangential  to  the  eye,  so  the  whole 
lacus  lies  internal  to  the  globe. 

The  Conjunctiva  is  a  soft  mucous  membrane,  beginning,  continuous 
with  the  skin,  at  the  free  border  of  each  lid  and  lining  its  deep  surface. 
At  the  root  of  each  lid  this  membrane  is  reflected  on  the  eyeball  and  is 
continued  over  its  front  surface.  These  two  portions  of  conjunctiva  are 
named  respectively  palpebral  and  OCUlar,  and  the  fold  of  reflection 
under  each  lid  where  these  portions  are  continuous  between  the  eyelid 
and  eyeball,  seen  by  drawing  the  lid  forwards  from  the  eyeball  and  looking 
under  it,  is  the  fornix  conjunctival.  The  superior  foimix  is  much  deeper 
than  the  inferior,  and  hence  it  is  much  more  difficult  to  remove  particles 
of  foreign  matter  therefrom,  than  when  they  lie  between  the  lower  lid  and  the 
eyeball.  The  lower  lid  is  smaller  than  the  upper,  and  is  in  some  eyes  marked 
by  an  inframarginal  fold.  It  is  usually  marked  off  from  the  infraorbital 
region  by  an  infrapalpebral  Sulcus,  but  this  is  inconstant  as  the  motion 
of  the  lower  lid  in  opening  the  eye  is  slight. 

Occasionally  in  Westerns,  normally  in  Mongolians,  a  fold  of  skin  descends  internally  from 
the  upper  lid  to  the  lower,  overlapping  the  inner  canthus  (epieanthus).  This  purely  cutane- 
ous fold,  which  includes  no  muscle  nor  fibrous  structure,  is  an  archaic  feature  and  is  usually 
present  in  the  foatus,  but  even  when  present  until  birth  it  may  disappear  as  growth  pro- 
gresses. Below  the  infrapalpebral  sulcus  is  a  variable  palpebro-malar'  SlllCUS  which 
deepens  and  often  becomes  a  characteristic  marking  in  old  age,  or  in  wasting  diseases,  which 
gives  to  the  eye  the  appearance  described  as  "hollow."  While  examining  the  face  the 
student  should  practise  the  passing  of  a  fine  wire  probe  into  the  lacrymal  puncta,  and 
should  also  practise  eversion  of  the  upper  lid. 

Outside  the  palpebro-malar  sulcus  is  the  malar  region,  wherein  the  cheek 
is  generally  red  (hence  the  name),  the  cutaneous  network  of  vessels  being 
sometimes  conspicuously  large  in  the  adult:  The  skin  is  here  clothed  with 
fine  hairs,  but  in  the  male  these  become  coarser  towards  the  ramus  of  the  jaw 
forming  the  whisker.  Sebaceous  glands  are  here  very  large,  especially  in  the 
male  adult. 

The  nose  presents  a  ridge  (dorsum)  and  two  sides  expanding  below  into 
the  alee  which  bound  the  nares  or  nostrils  externally.  The  skin  is  thin  on 
the  dorsum,  but  thickens  on  the  ala,  where  it  contains  large  complex  sebaceous 
glands.     Internally  the  nostrils  are  sepai'ated  by  the  thick  bar,  COlumna  nasi, 
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continued  backwards  from  the  apex  nasi  or  tip  of  the  nose,  whose  sides  are 
clothed  with  fine  hairs  (vibrissas).  Above  each  ala  of  the  nose  is  the  alar 
Sulcus,  often  continued  downwards  and  outwards  towards  the  mouth  as  the 

naso-labial  sulcus. 

The  transverse  mouth,  about  5  cm.  long  is  bounded  above  and  below  by  the 
lips.  The  upper  lip  is  marked  by  a  vertical  median  groove,  the  philtFUm.  Each 
lip  is  margined  by  a  red  edge,  more  clearly  marked  off  from  the  skin  of  the 
upper  than  from  that  of  the  lower,  and  characterised  by  the  absence  of  hair 
follicles  and  mucous  glands  and  by  the  transparency  of  its  cuticle.  The  free 
border  of  the  upper  lip  projects  downwards  as  a  median  lobe  at  the  philtrum, 
and  a  process  of  ordinary  skin  invades  the  red  margin  at  this  point.  The 
junction  of  the  two  lips  at  the  angle  of  the  mouth  is  called  the  commissure  of 
the  lips,  and  here  the  red  border  is  narrowest.  A  transverse  sulcus  (s.  mentO- 
labialis)  separates  the  lower  lip  from  the  chin. 

The  facial  skin  is  thin,  with  large  sebaceous  glands,  an<l  its  cutis  often  presents  superficial 
brownish  pigmented  patches  (freckles),  especially  in  persons  with  red  or  red-brown  hair. 
The  area  of  the  upper  lid  and  that  above  the  palpebro-malar  sulcus  is  frequently  the  seat  of 
periodic  uterine  chloasma,  darkening  perceptibly  during  the  menstrual  period.  This  area  is 
smooth  when  the  reticular  layer  contains  much  fat,  but  liable  to  be  wrinkled  at  right  angles 
to  the  lines  of  muscular  action  when  the  subcutaneous  fat  is  absorbed.  A  few  modified 
sebaceous  glands,  without  hair  follicles,  extend  into  the  red  margin  of  the  upper  lip, 
especially  towards  its  angles;  but  there  are  none  on  the'  lower,  and  on  both  the  small  papilla; 
of  the  cutis  are  quite  buried  in  the  stratified  epithelium  (fig.  639). 

The  pecidiarities  in  structure  of  the  upper  lip  are  traces  of  its  compound  origin  (p.  16), 
as  are  the  appearances  seen  in  the  inner  canthus.  The  external  auditory  meatus,  is  a 
remnant  of  the  visceral  cleft  between  the  mandibular  and  hyoid  arches. 

The  corrugated  projection  of  the  pinna  or  external  ear  (fig.  613)  usually 
equals  the  nose  in  length,  and  is  placed  on  the  side  of  the  head.  A  line  joining 
the  topmost  point  of  one  ear  to  that 
of  the  opposite  side  being  usually 
i'5  cm.  above  the  root  of  the  nose. 
Seen  from  its  front  and  outer  side  it 
consists  of  an  inrolled  peripheral 
margin  above,  the  helix,  bounding 
a  concavity,  the  fossa  of  the 
helix.  Within  this  is  a  rounded, 
variable  projection,  the  antihelix, 
approximately  parallel  to  the  helix, 
which  bifurcates  above  and  in  front ; 
the  two  branches  being  separated 
by  a  shallow  pit,  the  fossa  Of  the 
antihelix.  The  antihelix  bounds  a 
deep  concavity,  the  concha,  into 
which  the  anterior  end  of  the  helix 
turns  and  is  continued  backwards, 
here  lying  below  the  antihelix,  and 
separated  from  its  lower  branch  by 
the  deepest  part  of  the  fossa  of  the 
helix. 

In  front  of  the  concha  there  is  a  flatfish,  somewhat  conical  eminence,  the 
tragus,  bearing  usually  in  the  male  on  its  hinder  surface  a  tuft  of  hairs.  This 
is  separated  below  by  a  notch  (fossa  angularis)  from  a  smaller  prominence 
placed  at  the  lower  and  hinder  end  of  the  antihelix  and  called  the  antitragUS. 
Below  this  there  projects  downwards  the  soft,  fatty,  and  areolar  process,  the 
lobe.  Seen  on  its  posterior  side  the  helix  has  a  convex  margin,  and  is 
separated  from  the  convex  hinder  surface  of  the  concha  by  a  periconehal 
sulcus,  which  is  the  reverse  side  of  the  antihelix. 


Antitragus. 


Fig.  612. 
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The  margin  of  the  helix  is  often  irregular  and  toothed  above,  one  prominence  (Woolner's 
tip)  being  that  which  Darwin  surmised  to  be  the  representative  of  the  helical  apex  of  other 
mammals. 

The  ear  is  covered  by  a  thin  and  not  very  sensitive  skin,  supplied  in  front  by  branches  of 
the  auricularis  magnus  and  auriculotemporal,  behind  by  the  auricularis  magnus  nerve. 
This  layer  is  closely  adherent  to  the  cartilage  and  covered  by  soft  hair,  sebaceous  and  sudori- 
parous glands  are  also  distributed  on  its  surface. 

Beneath  the  skin  is  a  plate  of  wrinkled  yellow  fibro-cartilage  to  whose  folds  the  irregu- 
larities of  the  surface  of  the  pinna  are  due.  This  layer  presents  certain  processes  which  are 
united  or  rounded  off  by  soft  parts,  and  so  do  not  appear  through  the  skin.  One  of  these  is  the 
agger  helicis  posteriorly  and  above  at  the  back  of  the  concha.  Another  is  the  Cauda 
helieis  anterior  which  projects  in  front  towards  the  root  of  the  zygoma.  A  notch  ascends 
between  the  hinder  margin  of  the  antihelix  and  the  antitragus,  behind  which  is  a  Cauda 

helieis  posterior. 

The  cartilage  of  the  ear  is  attached  by  the  tubular  inward  extension  of  the  concha  to  the 
edge  of  the  external  auditory  meatus  of  the  tympanic  bone.  In  this  expansion  are  several 
clefts,  the  fissures  of  Santorini. 

The  pinna  is  fixed  by  two  ligaments,  an  anterior  from  the  root  of  the  zygoma  to  the  front 
of  the  helix,  and  a  posterior  from  the  mastoid  process  to  the  back  of  the  auricle. 

On  the  dorsal  or  convex  surface  of  the  auricle  there  are  two  sets  of  muscular  fibres, 
transverse  auricular  crossing  from  the  concha  to  the  hinder  edge  of  the  helix,  and  oblique 
auricular  ascending  from  the  top  of  the  concha  to  the  top  of  the  back  of  the  antihelix.  On 
the  front  or  outer  side  of  the  concha  are  four  sets  of  muscular  fibres — (1)  tragic,  nearly 
vertical,  lying  on  the  front  of  the  tragus,  often  divided  into  a  longer  and  shorter  series  of 
fibres  (fig.  657) ;  (2)  antitragic,  crossing  the  antitragus  obliquely  to  be  inserted  into  the  cauda 
helicis  posterior ;  (3)  helicis  major,  ascends  from  the  cauda  helicis  anterior  along  the  front 
of  the  helix  to  its  highest  point ;  (4)  helicis  minor,  passing  from  the  floor  of  the  concha  to 
the  anterior  end  of  the  helix.     All  these  muscles  are  supplied  by  the  facial  nerve. 

The  outer  ear  is  the  dilated  margin  of  the  first  and  only  branchial  cleft.  In  the  fifth 
week  two  tubercles  arise  on  the  mandibular  side  of  the  cleft,  and  three  on  the  hyoid  margin 
of  the  cleft,  while  a  sixth  or  intermediate  tubercle  is  placed  at  the  neural  end  of  the  cleft. 
The  ventral  mandibular  tubercle  (tuberculum  tragicum)  becomes  eventually  modified  into  the 
ti'agus,  the  intermediate  of  the  tubercles  on  the  hyoid  side  becomes  the  antitragus,  while 
the  ventral  hyoid  tubercle  becomes  the  lobe,  and  the  interval  between  the  tragus  and  anti- 
tragus becomes  narrowed,  and  the  two  united  by  an  intertragic  ridge  which  rises  from  the 
bottom  of  the  fissure  between  them.  The  intermediate  tubercle  extends  both  forwards  and 
backwards,  arching  round  the  others  above,  and  ultimately  forming  the  helix.  Its  anterior 
end  which  turns  downwards  towards  the  tragus  thickens  into  a  spina  helicis,  while  its  posterior 
which  extends  behind  the  antitragus  becomes  the  cauda  helicis.  The  neural  tubercle  on  the 
hyoid  margin  becomes  developed  into  the  antihelix,  and  the  neural  tubercle  on  the  man- 
dibular margin  shades  off  into  the  anterior  margin  of  the  concha  at  the  notch  between  the 
tragus  and  the  helix. 

At  first  the  helix  extends  rapidly  and  overlaps  the  antihelix,  but  this  condition  which  is 
transient  becomes  modified  by  the  rapid  growth  of  the  antihelix,  which  widens  the  pinna 
until  its  width  nearly  equals  its  length.  The  final  adult  proportions  of  length  and  breadth 
are  not  attained  until  about  puberty. 

The  neck  is  the  narrowest  part  of  the  body,  corresponding  to  the  interval  between  the 
first  post-oral  visceral  cleft  and  the  preaxial  limit  of  the  ccelom.  It  is  a  region  late  in 
development,  in  which  the  mesoblast  has  not  been  recognisably  cleft,  and  whose  parts  have 
been  displaced  by  the  elongation  and  extension  of  the  axial  skeleton,  by  the  development  of 
the  shoulder-girdle,  and  by  the  recession,  from  the  head,  of  the  heart  and  thoracic  viscera. 
The  traces  of  metamerism  here  are  consequently  confused  and  unequal. 

The  dimensions  of  the  neck  vary  absolutely  with  the  general  size  of  the  body,  age,  sex, 
and  condition;  relatively,  with  the  position  of  the  head.  When  divided  horizontally  opposite 
the  fifth  cervical  vertebra  (fig.  621),  the  vertebral  column  and  its  muscles  can  be  seen  to 
make  o"]  of  the  whole  sectional  area ;  the  important  vessels,  nerves,  and  viscera  making 
up  only  0*3.  This  shallowness  of  the  area  occupied  by  the  important  parts  must  be  con- 
stantly borne  in  mind  by  the  surgeon. 

Divisions. — The  surface  of  the  neck  is  divisible  into  three  areas — a  median 
posterior,  the  nuchal  triangle,  and  two  symmetrical  anterior  quadrilateral 
Spaces  meeting  in  the  anterior  median  line. 

The  former  (fig.  623)  is  co-extensive  with  the  area  covered  by  the  trapezius,  whose  dissection 
has  been  described  in  connection  with  the  back  (p.  250),  of  which  it  is  an  integral  part,  and  its 
contents  are,  to  some  extent,  the  common  property  of  the  dissectors  of  contiguous  territories. 
The  trapezius  and  levator  anguli  scapula?  should  be  conjointly  examined  by  the  students  in 
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charge  of  the  upper  extremity  and  neck ;  the  underlying  splenitis,  complexus,  the  cervical 
continuations  of  the  erectores  spince,  and  the  semispinales  by  the  students  dissecting  the 
neck  and  the  thorax.  The  deeper  cervical  muscles  belong  to  the  dissector  of  the  neck.  This 
portion  of  the  dissection  (described  at  p.  258)  should  be  carried  out  while  the  body  lies  on 
its  face. 

The  cervical  quadrilateral  space  is  bounded  below  by  the  clavicle,  internally 
by  the  median  line,  externally  by  the  edge  of  the  trapezius,  and  above  by  the 
base  of  the  lower  jaw  and  a  line  drawn  from  its  angle  to  the  superior  occipital 
ridge.  From  each  side  of  the  presternal  notch,  the  edge  of  the  stemo-mastoid 
muscle  can  be  felt  ascending  obliquely  backwards  to  the  mastoid  process, 
subdividing  the  quadrilateral  into  anterior  and  posterior  triangles.  The 
base  of  the  hinder  of  these  spaces  is  usually  depressed  into  a  supraclavicular 
fOSSa  above  the  clavicle,  in  which  the  subclavian  arteries  lie. 

In  the  middle  line  of  the  neck,  the  hyoid  bone  can  be  felt  lying  transversely 
behind  the  chin.  The  upper  border  of  the  great  cornu  of  this  bone  at  each  side 
is  the  surgeon's  guide  to  the  lingual  artery.  Below  the  hyoid,  the  thyroid 
cartilage  projects  in  the  middle  line,  forming  the  pomum  Adami  of  the  older 
writers,  so  called  as  it  is  much  larger  in  the  adult  male  than  in  the  female.  The 
sulcus  between  the  hyoid  and  thyroid  is  the  thyro-hyoid  Space  ;  that  below 
the  thyroid  is  the  CriCO-thyroid  Space,  in  which  the  operation  of  laryngotomy 
is  performed.  Below  this  depression,  the  edge  of  the  ring-like  cricoid  cartilage 
projects,  and  a  little  lower  the  soft  isthmus  of  the  thyroid  body  can  often  be  felt 
as  it  lies  on  the  second  and  third  rings  of  the  trachea,  and  marks  the  upper 
limit  of  the  region  in  which  tracheotomy  is  to  be  performed.  The  trachea,  itself, 
which  lies  deeply  in  the  presternal  notch,  is  too  deep  and  too  closely  covered 
by  fascia  to  be  easily  felt,  except  in  a  very  thin  neck. 

The  obliquity  of  the  line  of  the  clavicle  should  be  noted.  A  horizontal  line,  drawn  from 
the  acromial  end  of  one  clavicle  to  that  of  its  fellow,  will  cut  the  fourth  cervical  vertebra, 
and  will  divide  the  larynx  through  the  cricoid  cartilage  in  the  male  adult,  but  is  lower  in  the 
child. 

The  course  of  the  carotid  is  indicated  by  a  line  drawn  from  the  sternal  end 
of  the  clavicle  to  the  external  auditory  passage,  and  the  artery  can  be  felt 
pulsating  during  life  along  the  edge  of  the  stemo-mastoid.  Its  facial  branch  can 
be  felt  to  beat  where  it  crosses  the  lower  jaw  in  front  of  the  masseter  muscle. 
The  branch  from  the  temporo-maxillary  to 
the  external  jugular  vein  is  often  recognisable 
through  the  skin,  as  it  descends  vertically 
across  the  stemo-mastoid  in  a  line  from  the 
angle  of  the  jaw  to  the  middle  of  the  clavicle. 
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Before  dissection,  the  student  should  mark,  with 
an  aniline  pencil,  on  the  shaven  head  the  lines  of 
the  cerebral  convolutions  (as  given  in  §  538). 

Dissection. — The   head    having   been    elevated 
on  a  block,  divide  the  skin  ( 1 )  from  the  root  of  the 
nose  to  the  occipital  protuberance,   and  (2)  across 
the  vertex  from  one  mastoid  process  to  the  other.     Fig.   613. — Lymphatic    plexus   in  the 
The    dissection    of    the   four   flaps    of    skin,    thus         corium  of  the  scalp  around  the  hair 
marked  from  the  subjacent  textures,  is  a  task  re-         follicles  (2). 
quiring  much  care,  as  the  skin  is  closely  connected 

to  the  underlying  fascia  into  which  the  oblique  follicles  sink.  The  plane  of  separation  is 
marked  by  a  layer  of  small  granules  of  fat  embedded  in  the  reticular  fibrous  tissue,  which 
ties  the  skin  to  the  epicranial  aponeurosis  beneath  it.  Beyond  the  hair-clad  region,  the 
subcutaneous  layer  is  a  little  more  distinct,  but  it  is  hardly  possible  to  separate  a  definite 
superficial  fascia  from  the  deep  layer  of  the  cutis  in  any  part  of  the  hairy  scalp.  The 
external  ear  should  be  left  uninjured,  The  corium  is  richly  furnished  with  lymphatic 
vessels  around  the  hair  follicles  (fig.  613). 

397.  EPICRANIAL  APONEUROSIS.— The  dense  layer  exposed  by  the 
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reflection  of  the  skin  consists  of  white  fibrous  tissue,  which,  though  fastened  to 
the  skin  by  the  close  reticulum  divided  in  the  dissection,  yet  is  freely  movable 
on  the  bones  beneath,  to  which  it  is  connected  by  a  layer  of  very  lax  areolar 
tissue  containing  few  vessels  and  no  fat.  Its  fascicles  are  mostly  sagittal  in 
direction,  and  it  extends  from  a  little  above  the  hair-line  of  the  forehead  to  the 
superior  nuchal  line,  and  is  on  each  side  connected  to  the  surface  of  the  temporal 
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Fig.  614. — Superficial  structures  hi  the  scalp  and  on  the  side  of  the  neck. 

aponeurosis  along  the  upper  temporal  line,  at  which  level  it  loses  its  close  asso- 
ciation with  the  skin.  Into  the  outer  half  of  the  hinder  edge  of  this  expansion 
there  is  inserted  a  thin,  flat  muscle  (occipitalis — fig.  614)  which  arises  from  the 
occipital  bone  above  the  outer  third  of  the  superior  nuchal  line,  sometimes 
extending  to  the  adjoining  part  of  the  temporal  bone,  and  whose  fascicles  (about 
4  cm.  long)  ascend  vertically  on  the  squama  occipitis  and  can  draw  backwards 
the'aponeurosis  and  the  skin. 
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From  the  anterior  edge  of  this  aponeurosis,  on  each  side  the  thin,  pale,  flat 
frontalis  muscle  (larger  than  the  occipitalis)  descends  in  the  forehead  to  be 
inserted  into  the  skin  and  deeper  structures  of  the  eyebrow,  and  by  an  indistinct 
slip  (needlessly  dignified  with  a  separate  name,  pyramidalis  nasi)  into  that  of  the 
root  of  the  nose.  These  muscles  raise  the  brows  and  wrinkle  the  forehead  trans- 
versely, or  acting  from  fixed  brows  they  can  draw  the  scalp  forwards.  The 
contiguous  borders  of  the  two  frontalis  coalesce  for  their  lower  half,  and  are 
separated  by  loose  connective  tissue  above.  Some  of  the  innermost  fascicles  are 
divided  by  a  tendinous  intersection.  Between  the  occipitales  there  is  a  median 
area  in  which  the  epicranial  aponeurosis  is  attached  to  the  linea  nucha?  suprema. 

In  the  dissection  of  the  scalp,  the  following  vessels  and  nerves  are  met  with  in  order  from 
the  median  line  of  the  forehead  to  the  median  line  of  the  occiput  : — The  middle  frontal  vein, 
the  supratrochlear  nerve  and  frontal  artery,  the  supraorbital  artery  and  nerves,  the  tem- 
poral branch  of  the  orbital  nerve,  the  temporal  branch  of  the  facial,  the  anterior  temporal 
artery  and  vein,  the  auriculo-temporal  nerve,  the  posterior  branch  of  the  temporal  artery,  the 
great  auricular  nerve,  the  posterior  auris  artery,  the  lesser  occipital  nerve,  the  occipital  artery 
and  vein,  the  great  occipital  nerve,  and  occipital  branch  of  the  third  cervical  nerve.  These 
should  now  be  sought  for,  cleaned  and  preserved  for  detailed  examination  at  a  later  stage. 

398.  MUSCLES  OF  THE  EAR.— Three  very  thin  superficial  muscles 
converge  to  the  external  ear. 

Retrahens  aurem  (fig-  614). — The  strongest  of  the  series,  consists  of  two 
fascicles  which  arise  from  the  temporal  bone  above  the  mastoid  process,  and 
pass  horizontally  forwards  above  the  insertion  of  the  sterno-mastoid  to  be 
inserted  into  the  agger  helicis,  a  vertical  thickening  on  the  back  of  the  auricle. 

A  small  rudiinental  muscle,  the  transvePSUS  nUChSB,  occasionally  absent,  and  often 
represented  by  a  fibrous  band,  arises  from  the  occipital  protuberance  and  passes  along  the 
superior  nuchal  line  above  the  trapezius  to  end  either  in  the  fascia,  or  in  the  tendon  of  the 
sterno-mastoid,  or  in  the  retrahens  aurem. 

Attollens  aurem,  very  thin  and  fan-shaped  (fig.  614),  arises  from  the 
surface  of  the  temporal  aponeurosis  below  the  attached  lateral  edge  of  the 
epicranial  aponeurosis,  and  is  inserted  into  the  upper  and  anterior  part  of  the 
auricle,  or,  more  commonly,  into  the  skin  at  its  base. 

AttrahenS  aurem,  still  thinner,  usually  rudiinental,  arises  from  the 
skin  over  the  temporal  aponeurosis  close  to  the  outer  border  of  the  frontalis  ; 
it  crosses  the  temporal  artery  and  is  inserted  in  the  subcutaneous  tissue  in  front 
of  the  auricle. 

These  two  are  lateral  segmentations  of  the  same  muscular  sheet  as  the  frontalis,  and 
supplied  like  it  by  the  temporal  branch  of  the  facial  nerve.  The  retrahens  and  transversus 
are  segmentations  of  the  same  layer  as  the  occipitalis,  and  are  supplied  by  the  posterior 
auricular  branch  of  the  facial  nerve  (p.  576). 

The  frontal  and  occipital  muscles  act  as  a  digastric  occipitofrontal  muscle;  the  epicranial 
aponeurosis  being  the  central  tendon.  Owing  to  the  vascularity  of  the  compact  scalp  formed 
by  the  united  skin  and  epicranial  aponeurosis,  it  rapidly  recovers  from  injury,  hence  in 
contused  and  lacerated  wounds,  be  the  loosened  fragments  of  scalp  ever  so  ragged  and  dirty, 
they  should  be  cleansed  and  replaced  and  not  trimmed  away.  The  obsolete  operation  of 
bleeding  by  arteriotomy  was  performed  on  the  anterior  branch  of  the  temporal  artery. 

399.  REMOVAL  OF  THE  BRAIN— Dissection.— Divide  the  scalp  to  the  bone  in  the 
intermastoid  line,  and  reflect  the  two  concave  flaps  thus  separated,  forwards  and  backwards 
as  far  as  the  brow-ridge  and  nuchal  line  respectively.  Observe  on  each  side  the  attachment 
of  the  temporal  aponeurosis  (p.  577)  to  the  outer  temporal  crest,  and  cut  it  through  along  a 
line  carried  horizontally  round  the  skull  2  cm.  above  the  brow-ridge,  and  the  same 
distance  above  the  occipital  protuberance.  The  pericranium,  or  periosteum,  of  the  cranial 
bones  is  easily  detached,  except  along  the  sutures  or  in  the  skulls  of  the  aged. 

Having  bared  the  skull,  divide  with  the  saw  the  outer  table  and  diploe  of  the  frontal, 
parietal,  and  occipital  bones  along  this  line,  then  cut  through  the  inner  table  with  a  mallet 
and  chisel,  and  prize  the  skull-cap  from  the  underlying  dura  mater,  which  should  on  no 
account  be  cut,  even  when  closely  adherent,  except  as  a  last  resort. 

The  outer  surface  of  the  dura  mater  (p.  61)  thus  exposed,  appears  rough  and  bespotted 
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with  torn  vessels,  especially  along  the  middle  line  where  its  connection  with  the  bone  was 
closest.  The  tree-like  branchings  of  the  middle  meningeal  artery  (p.  582)  are  conspicuous  on 
each  side,  and  near  the  obelion  many  corpora  Pacchioni  (p.  60)  usually  appear  as  warty 
granular  bodies,  projecting  in  clusters  through  deficiencies  in  the  dura  mater  and  often 
indenting  the  bone. 

Divide  the  dura  mater  on  each  side  at  the  level  at  which  the  bone  has  been  sawn,  leaving 
about  2  cm.  in  the  middle  line  in  front  and  6  cm.  behind  uncut.  By  raising  the  membrane 
from  the  surface  of  the  brain  on  one  side,  the  subdural  space  is  opened  and  the  deep  surface 
of  the  membrane  appears  smooth  and  glistening,  moistened  by  a  little  serous  fluid.  Along 
the  middle  line  the  superior  longitudinal  venous  sinus  (fig.  616)  can  be  traced  (p.  532)  back- 
wards,   making   a   groove   on   the   roof   bones   of    the    skull.      Its    interior    can    now    be 

examined  by  slitting  it  open  along 
its  convexity  from  before  backwards. 
Beneath  the  dura  mater  four  or  five 
veins  are  seen  on  each  side  lying  in 
the  sulci  on  the  surface  of  the  cere- 
brum, and  passing  inwards  to  dis- 
charge into  the  sinus,  each  turning 
abruptly  forward  as  it  is  about  to 
open  thereinto,  an  index  of  the  late- 
ness of  the  frontal  preponderance  in 
brain  growth. 

By  dividing  these  veins  on  one 
side  as  they  enter  the  sinus,  and 
drawing  the  cerebral  hemisphere  of 
that  side  gently  outwards,  a  sickle- 
shaped  process  of  dura  mater,  the 
falx  cerebri  (fig.  615,3),  is  seen  dipping 
vertically  in  between  the  hemispheres 
of  the  brain  along  the  line  of  the 
superior  longitudinal  sinus.  This 
fold  is  narrow  in  front,  where  it  is 
attached  to  the  crista  galli,  but 
widens  as  it  passes  backwards,  and 
is  attached  below  and  behind  to  the 
middle  line  of  the  great  transverse 
process  of  dura  mater  which  roofs  in 
the  inferior  occipital  fossa?  (tentorium 
cerebelli — ib.,  4). 

Ciit  the  falx  from  its  attachments  to  the  crista  galli,  divide  the  narrow  anterior  uncut 
portion  of  the  dura  mater  and  draw  it  backwards,  severing  the  veins  which  pass  from  the 
brain  surface  into  it,  but  leaving  the  roof  of  dura  mater  attached  by  its  posterior  undivided 
part. 

Support  the  hind  part  of  the  brain  with  the  left  hand  and  allow  the  head  to  hang  back- 
wards. The  frontal  lobes  of  the  cerebrum  will  separate  from  the  anterior  cranial  fossa  by 
their  own  weight,  aided,  if  need  be,  by  the  fingers,  or  the  handle  of  a  knife,  which  may  be 
required  to  raise  the  olfactory  bulbs  from  the  cribriform  plate  of  the  ethmoid. 

Gently  raising  the  brain  from  its  bed  from  before  backwards,  cut  the  cranial  nerves  as 
they  successively  appear,  so  as  to  leave  a  recognisable  portion  of  each  attached  to  the  brain, 
on  the  one  hand,  and  at  its  aperture  of  piercing  the  dura  mater  on  the  other. 

The  optic  nerves,  seen  on  the  inside  of  the  anterior  clinoid  processes,  are  the  first  of  these 
to  be  divided,  and  behind  and  internal  to  them  are  the  internal  carotid  arteries.  Next 
divide  a  conical  membranous  process,  the  infundlbulum,  which  descends  in  the  middle  line 
behind  and  between  the  carotids  to  be  attached  to  the  pituitary  body  in  the  sella  turcica. 

Behind  and  outside  the  carotids  the  third  nerve  is  to  be  cut  on  each  side,  and  still 
farther  outwards  the  small  Sylvian  Vein  which  emerges  from  the  Sylvian  fissure  of  the 
brain  and  enters  the  dura  mater  beneath  the  lesser  wing  of  the  sphenoid.  Now  turn  the 
head  with  the  face  to  the  right  side,  and  gently  raise  the  left  temporal  lobe  of  the  cerebrum 
from  the  middle  cranial  fossa,  thereby  exposing  the  attachment  of  the  tentorium  along  the 
superior  edge  of  the  petrous  portion  of  the  temporal  bone.  A  fine  white  thread,  the  fourth 
nerve,  which  lies  beneath  the  inner  free  edge  of  this  fold  of  dura  mater,  is  to  be  cut,  and 
the  tentorium  is  to  be  divided  with  the  point  of  the  knife  along  its  bony  attachment  from 
the  posterior  clinoid  process  backwards  to  the  posterior  inferior  angle  of  the  parietal  bone. 
Having  then  turned  the  head  to  the  opposite  side,  the  corresponding  parts  are  to  be  divided, 
after  which  the  head  is  to  be  brought  back  to  the  median  plane.  Divide  on  each  side 
successively,  the  fifth  nerve  (behind  and  external  to  the  posterior  clinoid  process,  beneath 
the  edge  of  the  tentorium),  the  sixth  nerve  (internal  to  and  below  the  fifth,  upon  the 


Fig.  615. — View  of  the  dura  mater  lining  the  interior 
of  the  skull,  the  brain  having  been  removed — 1,  cut 
edge  of  dura  mater  ;  2,  parietal  dura  mater  ;  3,  falx 
cerebri ;  4,  tentorium  cerebelli ;  5,  concave  edge  of 
tentorium,  forming  boundary  for  the  superior  occi- 
pital foramen ;  6,  opening  of  vena  Galeni  in  the 
straight  sinus. 
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clivus),  the  seventh  and  eighth  (entering  the  internal  auditory  meatus),  the  ninth  and 
tenth  (which,  together,  pierce  the  dura  mater  over  the  posterior  lacerate  hole),  and  the 
twelfth  nerve  (which  is  divided  into  two  bundles,  and  pierces  the  membrane  over  the 
anterior  condyloid  hole).  The  eleventh  nerve,  which  can  be  seen  on  either  side  ascending 
from  the  spinal  canal  through  the  foramen  magnum,  should  be  left  undisturbed  on  the  right, 
but  should  be  cut  and  removed  with  the  brain  on  the  left.  In  the  foramen  magnum  the  two 
vertebral  arteries  are  visible,  piercing  the  dura  mater,  and  are  next  to  be  cut.  Then  by 
pushing  the  scalpel  into  the  foramen  magnum  the  spinal  cord  should  be  divided  at  the 
lowest  point  that  can  conveniently  be  reached,  and,  if  necessaiy,  the  first  pair  of  spinal 
nerves  should  also  be  divided.  The  fingers  of  the  right  hand  being  now  slipped  beneath  the 
cerebellum  and  pons  into  the  front  of  the  inferior  occipital  fossa  (the  left  having  through  the 
whole  dissection  supported  the  brain  below),  draw  out  the  brain  with  the  two  hands  and 
place  it  on  a  nest  of  cotton  wadding  in  a  shallow  basin,  and  immersed  in  methylated 
spirit  diluted  with  one  third  of  water.  After  a  week's  immersion,  remove  from  the  brain  as 
much  of  the  investing  membrane  as  may  be  easily  taken  off,  and  place  it  in  undiluted  spirit 
until  the  rest  of  the  dissection  is  finished. 

400.  THE  DURA  MATER,  a  part  of  the  skull  wall  rather  than  of  its 
contents,  is  bluish-white,  firm,  and  inelastic,  consisting  of  laniellse  of  closely 
interwoven  white  fibres,  with  a  few  elastic  fibres  intermixed.  Blood-vessels 
and  lacunar  interspaces  imperfectly  subdivide  the  dura  mater  into  two  layers — 
an  outer  and  an  inner.  The  former  is  the  endosteal,  the  latter  is  the  meningeal 
layer.  The  outer  surface  of  the  endosteal  layer  is  rough,  as  can  be  seen  when  a 
portion  is  floated  in  water ;  this  is  closely  adherent  to  the  sutures,  to  the  edges 
of  foramina,  and  to  rough  places  on  the  bones,  but  elsewhere  it  is  united  to  the 
bone  by  fine  fibres  and  vessels,  between  which  are  patches  lined  by  epidural 
endothelium,  bounding  subendosteal  lymph  spaces;  but  even  here  its  exterior  does 
not  glisten  like  its  inner  surface.  It  is  almost  inseparable  from  the  bone, 
both  in  the  young  growing  skull  of  the  child,  and  in  extreme  old  age;  and 
it  is  prolonged  through  the  foramina  to  join  the  pericranium  without.  At 
the  foramen  magnum  this  layer  is  continued  into  the  tissue  of  the  occipito- 
atlantoid  ligaments,  and  thereby  into  the  vertebral  periosteum. 

The  fibres  of  this  layer  are  irregular  hi  direction,  but  in  the  roof  portion  of  the  membrane 
they  chiefly  pass  backwards  and  inwards,  converging  towards  the  median  line. 

401.  MENINGEAL  VESSELS.— The  arteries  which  nourish  the  cranial 
bones  are  contained  in  this  layer.  In  the  anterior  cranial  fossa  these  meningeal 
arteries  are  branches  of  the  anterior  and  posterior  ethmoidals  and  internal 
carotids ;  in  the  middle  cranial  fossa  and  on  the  roof  they  are  derived  from  the 
middle  and  small  meningeal  branches  of  the  internal  maxillary,  and  from  the 
meningeal  branches  of  the  internal  carotid  and  ascending  pharyngeal.  In  the 
posterior  fossa  they  arise  from  the  ascending  pharyngeal,  vertebral,  mastoid,  and 
occipital  arteries.  These  arteries  have  accompanying  veins,  which  are  usually 
of  small  size,  except  those  of  the  middle  meningeal.  These  latter  veins  end 
by  escaping  through  the  spinous  foramen,  and  emptying  their  blood  into  the 
pterygoid  plexus.  The  blood  from  the  other  vessels  is  collected  in  interspaces, 
which  are  sometimes  irregular  and  cavernous,  or  else  are  definitely  tubular  and 
lined  by  a  continuous  endothelium.  These  larger  venous  channels  collect  and 
return  all  the  blood  from  the  brain,  as  well  as  from  the  membranes,  and  are 
called  the  sinuses  Of  the  dura  mater.  Each  sinus  is  a  tubular  interspace 
between  the  outer  or  endosteal  and  the  inner  or  meningeal  layer  of  the  dura 
mater. 

The  inner  layer  of  the  dura  mater  is  glistening  and  smooth  within  and  lined 
by  a  layer  of  endothelium,  between  which  and  the  contiguous  outer  surface  of 
the  arachnoid  or  connective  tissue  envelope  of  the  brain  there  is  an  extensive 
Subdural  interspace.  These  two  layers,  dura  mater  and  arachnoid,  although 
in  contact,  are  only  united  around  the  veins  which  pass  from  the  brain  to 
the  sinuses  of  the  dura  mater,  or  around  villous  processes  of  the  arachnoid 
which  project  against,  into,  or  through  the  dura  mater,  and  which  by  their 
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enlargements  make  the  corpora  Pacchioni  (p.  60).  These  warty  projections 
are  most  common  along  the  superior  longitudinal  sinus,  either  within  or 
outside  the  dura  mater,  or  else  projecting  into  the  cavity  of  the  sinus.  The 
fibres  which  make  up  the  inner  or  meningeal  layer  of  the  dura  mater  run  for 
the  most  part  from  behind  and  without  forwards  and  inwards.  In  each  layer 
there  are  lymph  spaces  between  the  fibres,  those  of  the  meningeal  layer 
communicating   with    the    subdural,   those   of  the    periosteal    layer   with   the 
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Fig.  616. — Sagittal  section  of  skull,  showing  the  falx  cerebri  (E)  and  median  system  of 
sinuses — a,  frontal  bone  ;  b,  parietal ;  c,  occipital ;  d,  basisphenoid  ;  e,  crista  galli ; 
f,  nasal  bone — A,  dura  mater  of  anterior  fossa  ;  B,  same  in  middle  fossa  ;  C,  posterior 
fossa;  D,  tentorium;  E,  falx — 1,  superior  longitudinal  sinus;  2,  inferior  longitudinal 
sinus ;  3,  venae  Galeni ;  4,  straight  sinus ;  5,  torcular  Herophili ;  6,  lateral  sinus ; 
6',  sigmoid  sinus ;  7,  occipital  sinus ;  8,  superior  petrosal  sinus ;  9,  inferior  petrosal  sinus. 

epidural  lymph  spaces.  The  blood-vessels  of  the  meningeal  layer  end  in  a 
fine  stratum  of  capillaries,  which  often  present  varicosities,  and  which  empty 
themselves  into  the  sinuses. 

The  largest  area  of  separation  of  the  endosteal  and  meningeal  layers  is  in 
the  middle  of  the  base  of  the  skull.  Here  the  former  lamella  is  closely  applied 
to  the  surface  of  the  basilar  process  and  to  the  back  and  sides  of  the  basi- 
sphenoid, the  apex  of  the  petrous  bone,  the  root  of  the  alisphenoid,  and  the 
floor  of  the  sella  turcica,  and  it  is  separated  from  the  meningeal  layer  by 
lacunar  tissue  lined  by  an  irregularly  distributed  endothelium,  making  a  great 
blood  space,  the  cavernous  sinus  and  its  collateral  dependencies.  This  spongy 
tissue  is  traversed  on  each  side  by  the  third,  fourth,  and  sixth  nerves,  and  the 
carotid  artery,  and  medially  by  the  pituitary  body,  over  which  the  meningeal 
layer  forms  a  shelf-like  pituitary  diaphragm  with  a  central  small  hole  for 
the  infundibulum  (fig.  617). 

Outside  this  cavernous  area  of  separation  there  is  on  each  side  a  separate 
interspace  (Meckel's  space),  wherein  lies  the  Gasserian  ganglion  of  the  fifth 
pair  of  nerves  (fig.  617).  Still  farther  backwards  and  outwards  there  was  a  third 
interval  at  the  aqueductus  vestibuli  in  the  early  embryo,  where  the  endo- 
lymphatic sac  was  interposed  between  the  lamellse  (§  537).  The  two  layers  can 
be  traced  through  the  optic  foramen  into  the  orbit  (§  516). 
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At  the  foramen  roagnura  the  meningeal  layer  finally  separates  from  the 
periosteal  and  forms  the  dura  mater  of  the  COrd,  a  cylindrical  sac,  which 
envelopes  the  cord  and  the  origins  of  the  nerves,  and  tapers  below  to  a  fine 
thread,  which  is  lost  on  the  periosteum  of  the  coccyx.  The  fibres  of  this  tube 
•are  chiefly  longitudinal.  It  is  pierced  on  each  side  by  the  anterior  and 
posterior  roots  of  the  successive  spinal  nerves,  each  of  which  escapes  by  a 
separate  hole  and  receives  a  delicate  sheath  from  it.  Outside  the  dura  mater 
of  the  cord  is  a  wide  space  containing  plexuses  of  veins,  fat  and  connective 
tissue,  the  homologue  of  the  interdural  spaces  within  the  skull,  not  of  the 
epidural  lymph  spaces. 

Two  sets  of  nerves  have  been  traced  into  the  dura  mater.  Fine  non-medullated  fibres 
from  the  cavernous  plexus  of  the  sympathetic  and  from  the  peripheral  plexuses  on  the 
middle  meningeal  and  other  arteries  supply  the  vessels.  Recurrent  branches  from  the 
three  subdivisions  of  the  fifth  nerve  are  distributed  to  the  cavernous  area,  and  the  meningeal 
branches  of  the  hypoglossal  supply  the  lateral  sinus.  Nerves  ending  in  the  membrane, 
apart  from  the  walls  of  the  vascular  spaces,  are  not  demonstrable. 

402.  PROCESSES  OF  DURA  MATER.— The  meningeal  layer  of  the 
dura  mater  sends  in  processes  which  separate  the  interior  of  the  cranial  cavity 
into  a  series  of  communicating  loculi  for  the  different  parts  of  the  central 
nervous  mass.     There  are  three  greater  and  five  smaller  partitions. 

Falx  Cerebri,  already  seen  (figs.  615,  3;  616),  consists  of  two  sets  of 
radiating  fibres  which  turn  downwards  from  each  side,  to  unite  in  the  median 
plane  as  a  sagittal  partition  between  the  cerebral  hemispheres.  These  fibres 
are  at  first  separated  from  each  other  by  a  longitudinal  space,  closed  in  above 
by  the  endosteal  layer  in  the  middle  line,  the  superior  longitudinal  sinus  (fig. 
616,  1).  The  convex  or  upper  edge  of  the  falx  is  attached  successively  to  the 
ethmoidal  spine  of  the  sphenoid,  the  crista  galli  of  the  ethmoid,  the  middle 
ridge  of  the  frontal,  the  edges  of  the  superior  longitudinal  sulcus  of  the 
parietals  and  squama  occipitis ;  its  free,  concave  or  lower  border  overlies  the 
corpus  callosum  in  the  longitudinal  cerebral  fissure,  and  is  often  irregular,  and 
includes  between  its  layers  a  small  inferior  longitudinal  sinus  (ib.,  4).  The 
base  of  the  falx  behind  is  attached  to  the  middle  line  of  the  tentorium,  and 
includes  the  straight  sinus. 

The  falx  cerebri  is  not  causal  of,  but  consequential  on,  the  cleavage  of  the  cerebrum  into 
two  hemispheres. 

The  tentorium  cerebelli  (fig.  615,  4)  is  the  crescentic  septum  cut  through 
in  taking  out  the  brain,  which  stretched  between  the  cerebrum  above  and  the 
cerebellum  below,  but  not  in  a  horizontal  plane,  being  highest  at  the  front  edge 
where  it  receives  the  concave  edge  of  the  falx,  from  thence  sloping  downwards 
both  laterally  and  backwards,  like  the  cloth  of  a  tent,  towards  its  convex  border 
of  attachment.  This  latter  edge  is  fixed  to  the  transverse  ridge  of  the  occipital 
bone  behind,  to  the  posterior  inferior  angle  of  the  parietal  laterally,  to  the  edge 
of  the  petrous  portion  of  the  temporal  bone  in  front,  and  is  continued  from  this 
inwards  by  a  fold,  the  plica  petro-clinoidea  postica,  to  the  posterior  clinoid  process, 
internal  to  which  it  extends  to  join  that  of  the  other  side  in  the  median  line. 

In  the  periosteum  under  this  median  fold  the  ossified  dOPSUm  sellSB  developes. 

The  anterior  or  concave  edge  of  the  tentorium  is  free,  except  medially,  where 
it  is  attached  to  the  base  of  the  falx,  and  at  each  cornu,  where  it  is  prolonged  as 
a  fold,  the  plica  petro-elinoidea  antica  over  the  end  of  the  convex  border 
to  the  anterior  clinoid  process  (fig.  615,  5).  The  concave  border  of  the  tentorium 
forms  the  posterior  and  lateral  boundary  of  a  lanceolate  superior  OCCipital 
foramen,  through  which  the  crura  cerebri,  the  superior  cerebellar  peduncles, 
the  third  and  fourth  nerves,  and  the  basilar  artery  pass  (fig.  617). 

Falx  Cerebelli,  a  small  vertical  fold,  which  is  often  double,  especially  in 
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front,  passes  forwards  and  downwards  along  the  inferior  occipital  crest  between 
the  lateral  lobes  of  the  cerebellum,  from  the  tentorium  to  the  hinder  border  of 
the  foramen  magnum. 

The  smaller  folds  of  dura  mater  are  the  sphenoidal  folds  which  project 
backwards  from  the  hinder  border  of  the  lesser  sphenoidal  wings,  the  lunulSB 
which  cross  the  optic  nerves  from  the  anterior  clinoid  processes  inwards,  and  the 

diaphragm  of  the  pituitary  body. 

403.  MENINGEAL  SINUSES,  the  venous  spaces  formed  along  the  different 
lines  of  separation  of  the  periosteal  and  meningeal  layers  of  the  dura  mater,  are 
cavities  with  a  lumen  which  is  scarcely  alterable,  and  usually  triquetrous. 

Each  is  lined  by  a  venous  endothelium  on  a  thin  tunica  intima  which  has  externally  a 
thin  interrupted  layer  of  elastic  fibres.  These  special  tissues  are  continuous  into  the  corres- 
ponding layers  of  those  veins  which  pass  therefrom. 

They  have  no  valves,  but  are  often  crossed  by  endothelium -clad  cords 
(chordae    Willisii),    which  are  sometimes  few  and  thick,  and  sometimes    so 
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tentorium. 
Fig.  617. — View  of  the  superior  occipital  foramen  and  its  boundaries,  from  above. 

close  and  reticulated  as  to  give  to  the  sinus  a  spongy  appearance.  Corpora 
PaCChioni  often  project  into  these  tubes.  Eighteen  such  sinuses  are  described, 
six  of  which  are  single  and  median  and  six  paired. 

(1)  The  superior  longitudinal  Sinus  (fig.  616,  1),  enclosed  in  the  convex 
edge  of  the  falx  cerebri,  begins  at  the  foramen  caecum  by  a  minute  vein,  foetally 
continuous  with  the  nasal  veins,  but  in  the  adult  beginning  only  in  the  dura 
mater.  It  grooves  the  frontal  bone,  the  conjoined  sagittal  edges  of  the  parietals, 
and  the  squama  occipitis,  enlarging  as  it  passes  backwards,  and  receiving  the 
superior  cerebral  and  meningeal  veins,  often  communicating  with  the  superficial 
temporal  veins  through  the  parietal  foramina.  It  most  commonly  ends  behind 
by  turning  to  the  right,  into  the  right  lateral  sinus. 

(2)  Inferior  longitudinal  Sinus  (fig.  616,  2),  a  cylindroid  vein  of  small 
calibre,  lies  in  the  concave  or  lower  edge  of  the .  falx  cerebri,  conveying  blood 
from  the  inner  surface  of  the  cerebrum  backwards.  It  usually  dilates  suddenly, 
without  apparent  cause,  at  its  hinder  sixth,  and  empties  into  (3)  the  straight 
sinus  (ib.,  4),  which  is  its  continuation  backwards  in  the  base  of  the  falx  cerebri, 
where  it  is  attached  to  the  middle  of  the  tentorium.  Two  large  veins  from  the 
interior  of  the  brain  (vence  Galeni — ib.,  3)  open  into  the  point  of  union  of  the 
inferior  longitudinal  and  straight  sinuses.  The  straight  sinus  follows  the  slope 
of  the  middle  of  the  tentorium  to  the  internal  occipital  protuberance  ;  here  it 
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communicates  by  a  narrow  passage  with  the  ending  of  the  superior  longitudinal 
sinus,  and  turns  leftwards  into  the  left  lateral  sinus.  The  straight  sinus  receives 
on  each  side  two  superior  cerebellar  veins  and  two  posterior  inferior  cerebral 
veins. 

ToPCUlar  Herophili. — The  mode  of  union  of  the  superior  longitudinal  and  straight 
sinus  is  variable,  but  it  is  rare  to  find  them  uniting  into  a  central  sac.  When  such  exists,  it 
is  named  torcular  Herophili,  but  this  name  is  sometimes  given  to  any  mode  of  union  of  the 
veins  at  this  spot. 

(4)  Lateral  sinilSGS  are  large  horizontal  canals  included  in  the  hinder 
attached  border  of  the  tentorium  and  grooving  on  each  side  the  occipital  bone 
and  the  posterior  inferior  angle  of  the  parietal.  Here,  in  their  archaic  foetal 
condition,  they  communicated  through  the  post-glenoid  foramen  with  the 
primitive  external  jugular  vein,  but  this  connection  early  diminishes,  and  is 
ultimately  represented  only  in  rudiment  by  the  mastoid  vein ;  an  originally 
small  channel  of  communication  from  the  lateral  sinus  to  the  posterior  lacerate 
foramen  becomes  commensurately  dilated,  and  appears  in  the  adult  as  its 
continuation — (5)  the  sigmoid  sinus  (fig.  616,  6').  This  passes  downwards, 
and  having  left  the  tentorium, 
grooves  the  mastoid  portion 
of  the  temporal  bone,  after 
which  it  turns  forwards  and 
inwards,  indents  the  upper 
surface  of  the  exoccipital,  and 
ends  in  the  foramen  lacerum 
posterius.  The  sigmoid  sinus 
is  oval  in  section,  and  re- 
ceives the  superior  petrosal 
sinus  at  the  point  where  it 
arises  from  the  lateral  sinus. 
Its  course  should  be  carefully 
noted,  that  it  may  be  avoided 
in  the  operation  of  trephining 
the  mastoid  antrum. 

The  jugular  foramen  is  sub- 
divided into  three  parts  by  intra- 
jugular  processes  of  fibrous  tissue 
or  of  bone  :  the  sigmoid  sinus  and 
posterior  meningeal  artery  pass 
through  the  hindmost  of  these  ; 
the  ninth,  tenth,  and  eleventh 
nerves  pass  through  the  middle, 
and  the  inferior  petrosal  sinus 
and  the  meningeal  branch  of  the 
ascending  pharyngeal  artery  pass 
through  the  foremost  part. 

It  will  be  observed  that  one 
lateral  sinus  is  larger  than  the 
other ;  one,  usually  the  right, 
conveys  chiefly  the  blood  of  the 
superior  longitudinal  sinus,  that 
is,  of  the  brain  periphery  and 
skull  wall,  the  other  principally 
that  of  the  straight  sinus,  or  that 
of  the  central  ganglionic  masses 
of  the  brain. 

(6)  The  cavernous  Sinus  is  the  spongy  interval  between  the  meningeal 
and  periosteal  lamella?  of  dura  mater  on  each  side  of  the  basi-sphenoid.  Its  outer- 
wall  is  firm  and  contains  in  its  layers  the  third,  the  fourth,  and  the  ophthalmic 


Fig.  618. — Venous  sinuses  at  the  base  of  the  skull — A, 
anterior  fossa ;  B,  middle  fossa ;  C,  posterior  fossa  ; 
1,  ciliary  veins  ;  2,  external  ophthalmic  vein  ;  3,  caver- 
nous sinus  ;  4,  optic  nerve  ;  5,  superior  petrosal  sinus  ; 
6,  inferior  petrosal  sinus  ;  7,  transverse  basilar  sinus  ; 
8,  lateral  sinus ;  9,  torcular  Herophili ;  10,  occipital 
sinus. 
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division  of  the  fifth  nerve,  the  last  passing  forwards  and  upwards  from  Meckel's 
space.  Above  the  third  nerve  it  receives  a  vein  from  the  sphenoidal  fold  of 
dura  mater,  (7)  the  sinUS  alae  parvSB.  The  inner  wall  of  the  cavernous  sinus 
is  practically  non-existent  as  a  distinct  lamella ;  the  internal  carotid  artery,  the 
sixth  nerve  and  cavernous  plexus  of  the  sympathetic  lie  internal  to  the  principal 
part  of  the  space  and  form  a  sort  of  inner  wall,  but  above  and  below  the  carotid 
artery  the  spongy  tissue  continues  inwards  from  side  to  side,  both  in  front  and 
behind  the  dorsum  sella?.  In  front  of  the  dorsum  sella?  and  beneath  the 
pituitary  diaphragm,  the  cavernous  tissue  surrounds  the  pituitary  body,  in 
front,  below,  and  behind.  The  definite  (8)  circular  sinus,  sometimes  described 
as  engirdling  the  hypophysis,  is  artificially  limited,  the  spongy,  blood-holding 
tissue  being  continuously  pre-,  post-,  and  sub-pituitary. 

It  is  desirable  to  dissect  the  cavernous  sinus  on  one  side  only  at  present,  reserving  the 
other  until  the  orbital  nerves  are  being  traced. 

Behind  the  dorsum  sella?  the  two  cavernous  sinuses  also  unite  in  a  large- 
meshed  lacunar  sinus,  (9)  the  basilar  plexUS  or  sinus,  which  underlies  the 
dura  mater  and  covers  the  whole  extent  of  the  occipital  clivus  (fig.  618,  7). 
This  extends  downwards  to  the  anterior  edge  of  the  foramen  magnum,  and 
there  becomes  directly  continuous  with  the  anterior  veins  of  the  spinal  canal. 
This  space  is  traversed  by  the  sixth  nerve,  external  to  which  the  lacuna? 
enlarge  into  a  definite  channel,  (10)  the  inferior  petrosal  SinUS  (fig.  616,  9). 
This  passes  downwards  and  backwards  in  the  sulcus  which  overlies  the  petro- 
occipital  suture,  and,  passing  through  the  anterior  part  of  the  posterior  lacerate 
foramen,  internal  to  the  ninth  and  tenth  nerves,  empties  its  blood  into  the 
bulb  of  the  internal  jugular  vein.  The  inferior  petrosal  sinus  receives  the 
veins  of  the  aqueducts  of  the  cochlea  and  vestibule  as  well  as  the  vein  of  the 
floccular  fossa. 

Several  other  channels  exist  whereby  the  blood  of  the  cavernous  sinus 
escapes  from  the  skull,  the  most  definite  and  primitive  of  these  is  (11)  the 
Superior  petrosal  SinUS  (fig.  618,  8),  which  arises  from  the  cavernous  sinus 
externally,  below  the  fourth  nerve,  and  passes  backwards  and  outwards  above- 
the  neck  of  Meckel's  space  and  the  contained  fifth  nerve ;  it  grooves  the- 
superior  edge  of  the  petrous  bone,  and  ends  at  the  angle  of  union  of  the  lateral 
and  sigmoid  sinuses. 

This  spot  of  union  in  the  foetus  is  called  the  COnflueilS  lateralis.  Several  branches  of 
the  cavernous  sinus  traverse  the  skull  more  directly  and  join  the  extra-cranial  pterygoid  plexus- 
of  veins,  the  largest  of  these  passes  through  the  foramen  Vesalii,  or,  when  that  canal  is  absent, 
the  foramen  ovale ;  a  plexus  of  veins  escapes  through  the  carotid  foramen,  surrounding  the 
artery,  and  one  small  branch  pierces  the  cartilage  of  the  anterior  lacerate  foramen,  and  runs 
backwards  in  the  inferior  petro -occipital  cartilage  to  join  the  jugular  bulb. 

In  the  falx  cerebelli  there  is  a  small  (12)  occipital  SinUS  (fig-  618,  10), 
which  passes  upwards  to  the  torcular  Herophili  and  divides  near  the  foramen 
magnum  into  two  marginal  branches,  one  of  which  passes  to  either  side  of 
that  foramen,  and  communicates  with  the  sigmoid  sinus,  near  the  jugular 
foramen.  Sometimes  this  vessel  is  double,  and  it  often  communicates  with  the 
spinal  veins. 

404.  EMISSARY  VEINS  traverse  the  cranial  bones,  uniting  the  intra-  and  extra-cranial 
veins,  but  they  are  singularly  inconstant  :  the  post -glenoid  rudiment  of  the  primitive  vein  is 
one  of  the  most  important  of  these,  but  it  is  supplanted  by  the  internal  jugular  vein.  There 
are  also  on  each  side  the  parietal  vein  of  Santorini,  the  posterior  condyloid  vein,  the  anterior 
condyloid  vein  around  the  hypoglossal  nerve,  and  the  occipital,  which  join  the  lateral  sinus 
and  the  occipital  vein. 

In  the  diploe  of  the  cranial  bones  there  are  large,  branched  vascular  canals,  with  imperfect 
walls ;  these  are  for  the  accommodation  of  the  diploic  veins  (fig.  619),  which  are  thin-walled  and 
valveless,  and  arranged  in  five  sets — (1)  frontal,  which  communicate  with  the  supraorbital 
veins  ;  (2)  fronto-sphenoidal,  which  communicates  with  the  sinus  ala?  parva?  ;  (3)  frontO- 
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Fig.  619. — Veins  of  the  diploe'  shown  by  removing 
the  outer  table  of  the  skull. 


parietal,  receiving  a  branch  from  either  side  of  the  coronal  suture,  and  ending  in  the 
superior  petrosal  sinus  ;  (4)  external  parietal,  receiving  blood  from  the  diploe  about  the 
temporal  crest  and  ending  at  the  mastoid  foramen  ;  (5)  parieto-oeeipital,  ending  in  the 
lateral  sinus.  Of  the  meningeal  arteries  the  middle  alone  has  two  companion  veins,  one  of 
which  usually  receives  the  Sylvian  vein  from  the  brain  surface. 

Dissection.— As  by  this  time  the  body  is  about  to  be  turned  on  its  face,  and  as  in  a  few 
days  the  dissector  of  the  arm  will  desire  to  have  its  brachial  plexus  accessible,  the  further 
dissection  of  the  head  should  be  post- 
poned and  that  of  the  neck  proceeded 
with.  Accordingly,  the  interior  of  the 
cranial  cavity  is  now  to  be  filled  with 
tow  or  cotton  wadding  soaked  in  the 
preserving  fluid,  over  which  the  cap  of 
dura  mater  is  to  be  drawn ;  the  bony 
skull-cap  is  to  be  replaced  and  covered 
by  the  flaps  of  scalp,  which  should  be 
carefully  stitched  together.  The  mouth 
and  nostrils  should  also  be  filled  with 
cotton  wadding  steeped  in  the  antiseptic, 
and  the  lips  should  be  stitched  to- 
gether. A  pad  of  similarly  prepared 
material  is  to  be  laid  over  each  eye,  and 
the  upper  part  of  the  head  should  be 
swathed  in  a  bandage  soaked  in  the  same 
fluid  and  covered  with  waterproof  for 
the  present. 

405.  THE  NECK-Disseetion.— 

Divide  the  skin  (1)  along  the  front  edge 

of  the  sterno-mastoid  muscle  from  sternum  to  skull;  (2)  along  the  clavicle;  and  (3)  along 
the  median  line  from  the  lower  lip  to  the  sternum.  Continue  this  incision  above  along 
the  red  margin  of  the  lip,  around  the  angle  of  the  mouth  to  the  median  line  of  the  upper 
lip,  and  from  thence  to  the  inner  canthus,  skirting  the  ala  of  the  nose.  Reflect  the 
posterior  flap  backwards,  and  the  anterior  upwards. 

The  skin  of  the  neck  is  thin  and  elastic,  with  few  hairs,  but  it  becomes  thicker  and^more 
closely  bound  down  in  the  face  where  the  dissection  requires  much  care,  and  the  keeping  of 
the  edge  of  the  knife  close  to  the  skin,  through  which,  in  the  male,  the  follicles  of  the  beard- 
hairs  (the  coarsest  in  the  body,  which  in  section  measure  o-i  in  then-  long  diameter)  sink 
into  the  subjacent  muscular  tissue.  Subcutaneous  fat  is  variable  in  amount,  but  most 
copious  beneath  the  chin  ;  it  should  be  carefully  cleared  away  to  expose  the  subjacent 
muscular  sheet.     The  beard -hairs  in  the  male  average  about  21  to  the  sq.  cm. 

406.  PLATYSMA  (fig.  614)  a  pale,  thin,  and  variable  muscular  expansion, 
arising  from  the  skin  over  the  ramus  and  body  of  the  lower  jaw,  beginning  at 
the  chin  where  the  fibres  are  connected  to  their  fellows  of  the  opposite  side. 
Very  few  are  attached  to  the  bone  directly,  but  many  arise  from  the  surface  of 
the  inferior  labial  muscles ;  the  hindmost  fibres  arise  on  a  higher  level  from  the 
fascia  and  skin  over  the  masseter  and  parotid.  The  fibres  descend  outwards, 
slightly  diverging,  and  form  a  continuous  sheet,  which  is  inserted  into  the 
fascia  over  the  pectoral  and  deltoid  muscles.  The  platysma  crosses  the  clavicle 
and  acromion,  and  lies  superficial  to  all  other  structures  in  the  neck. 

A  few  fascicles  of  its  upper  portion  arise  from  the  tissues  about  the  angle  of  the  mouth, 
and  radiate  thence  backwards  towards  the  parotid  fascia.  These  constitute  the  musculus 
risorius.  The  middle  strip  of  the  neck  lies  uncovered  between  the  borders  of  the  platysmce 
of  the  two  sides. 

The  platysma  is  an  undifferentiated  extension  downwards  of  the  facial  muscle-layer,  and 
is  supplied  by  the  inferior  bucco-labial  and  cervical  bi'anches  of  the  facial  nerve  (fig.  614), 
which  should  now  be  sought  for  (p.  577).  In  lower  animals  it  becomes  continuous  below 
with  the  thoracic  part  of  the  cutaneous  muscle  of  the  trunk  (panniculus  carnosus),  which  is 
a  superficial  lamellar  dismemberment  of  the  ventral  muscle.  It  is  incorrect,  however,  to 
regard  the  platysma  as  especially  the  remains  of  the  panniculus,  which  in  each  region  is 
segmented  from  the  local  ventral  musculature. 

Sphincter  Colli.  — Below  the  chin  there  are  frequently  a  few  cross  muscular  slips 
decussating  and  lying  beneath  the  fibres  of  the  platysma.  These  are  continuous  with  the 
second  layer  of  facial  muscular  fibres.     When  well  developed  they  constrict  the  submental 
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fat  and  give  rise  to  the  appearance  of  double  or  multiple  chin.     They  are  also  supplied  by 
the  facial  nerve. 

407.  MOUTH  MUSCLES. — Around  the  margin  of  the  mouth  there  are 
two  planes  of  muscular  fibres  more  or  less  connected  with  the  oral  attachment 
of  the  platysma.  These  are  split  up  into  a  series  of  separately  acting  bands,  to 
which  the  lips  owe  much  of  their  mobility.     The  superficial  series  consist  of : — 

i.  DepreSSOF  angnli  Oris,  a  triangular  muscle  arising  from  the  lower 
border  of  the  mandible  between  the  masseter  muscle  and  the  mental  foramen. 
It  is  inserted  by  a  narrow  band  into  the  skin  and  mucosa  at  the  angle  of  the 
mouth.  Some  of  its  fibres  are  continued  into  the  upper  lip.  Its  fibres  of  origin 
are  inseparably  mixed  up  with  those  of  the  platysma. 

2.  ZygDHiaticuS,  a  flat  band  arising  from  the  outer  part  of  the  malar 
bone,  close  to  the  zygomatic  suture.  Descending  forwards,  it  is  inserted  into 
the  angle  of  the  mouth  (skin  and  mucosa) ;  some  fibres  being  continued   into 
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Fig.  620. — View  of  superficial  muscles  and  vessels  of  the  side  of  the  face— M.D.T.,  middle 
deep  temporal  artery  ;   Tr.F.,  transverse  facial  artery. 

each  lip.  This  muscle  is  usually  single  (fig.  614),  but  may  be  split  into  fascicles 
(fig.  620) ;  a  small  upper  detached  band  is  described  as  zygomaticus  minor, 
but  is  not  usually  present. 

More  frequently  a  parallel  slip  arises  from  the  orbicular  muscle  of  the  eyelid,  and  is 
called  the  orbicular  zygomatic.  The  zygomatic  crosses  the  buccal  fat  and  the  facial  vessels. 
The  fibres  of  the  risorius  usually  lie  between  it  and  the  depressor  anguli  oris.  Branches 
of  the  facial  nerve  can  be  traced  into  the  hinder  edge  of  each  muscle. 

3.  Levator  labii  SUperioris  (fig.  620)  is  a  quadrate,  indefinitely  bordered 
muscle,  arising  above  from  the  nasal  process  of  the  maxilla  and  from  the  bony 
infraorbital  margin,  and  inserted  below  into  the  upper  lip,  and  the  neighbouring 
part  of  the  ala  of  the  nose. 
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This  muscle,  like  the  last,  is  frequently  fasciculated.  Its  infraorbital  origin  is  overlapped 
by  the  orbicular  muscle  of  the  lids,  and  it  covers  the  infraorbital  nerve  and  vessels,  the 
compressor  nasi,  and  the  fibres  of  the  second  stratum.  When  segmented,  its  inner  part  is 
■called  levator  labii  superioris  al&que  nasi,  and  its  outer,  levator  labii  superioris  proprius. 
Divide  these  muscles  near  their  origins  and  carefully  reflect  them  towards  the  mouth. 

The  second  stratum  of  muscles  beneath  these  consists  of  four  parts  :— 

i.  Depressor  labii  inferioris  is  quadrate,  but  with  very  indefinite 
margins.  Some  of  its  fibres  are  branched,  and  they  are  sometimes  mixed  with 
a  greyish  fatty  connective  tissue.  It  arises  from  the  mandible  below  and 
internal  to  the  mental  foramen ;  its  fascicles  ascend  internally  and  end  in  the 
substance  of  the  lower  lip  ;  it  is  overlapped  by  the  triangularis. 

2.  Levator  angllli  Oris,  beneath  the  levator  of  the  upper  lip,  arises  from 
the  floor  of  the  canine  fossa,  and,  narrowing,  descends  outwards  to  be  inserted 
into  the  angle  of  the  mouth,  especially  on  the  mucous  side,  and  by  a  thick 
fascicle  into  the  substance  of  the  lower  lip.  A  small  part  of  its  outer  border 
appears  superficially  between  the  levator  labii  superioris  and  the  zygomatic.  It 
is  crossed  by  the  labial  and  nasal  branches  of  the  infraorbital  nerve,  and  by  the 
facial  artery. 

3-  Buccinator,  the  largest  muscle  of  the  series,  cannot  be  seen  until  a  later 
stage  of  the  dissection.  Its  fibres  of  insertion,  however,  can  be  traced  into  the 
lip  of  whose  musculature  they  form  a  large  part.  The  fibres  of  the  upper  part 
of  this  muscle  chiefly  pass  into  the  lower  lip,  and  those  of  the  lower  part  into 
the  upper  lip.  These  buccodabial  fascicles  pass  in  the  thickness  of  the  lips 
towards  the  middle  line  and  are  lost  in  the  connective  substance  within  the  lips, 
but  are  not  attached  to  the  skin  or  mucous  membrane,  as  are  the  similarly 
prolonged  fibres  of  the  foregoing  muscles. 

The  labial  musculature  is  supplemented  by  the  following  muscles  :  —  i.  MUSCUIUS  labii 
pPOppius  (fig.  639,  4),  a  series  of  scattered  oblique  fibres  which  pass,  especially  in  the 
lower  lip,  from  the  deep  surface  of  the  skin  to  the  mucous  membrane  through  the  thickness 
of  the  lip.  These  fibres  are  closely  set  and  well  developed  in  the  suckling,  but  more  scattered 
and  consequently  less  conspicuous  in  the  larger  lips  of  the  adult,  as  they  do  not  increase 
commensurately  with  the  growth  of  the  lip. 

2.  MllSCUlUS  ineisivus,  superior  and  inferior,  two  sets  of  fibres  on  each  side,  arising 
from  the  juga  alveolaria  of  the  lateral  incisor  teeth  in  either  jaw  and  passing  towards  the 
angles  of  the  mouth  to  be  there  lost  in  the  deep  surface  of  the  muscular  interlacement  (fig. 
640).  A  supplementary  but  scarcely  separate  slip  in  the  upper  jaw  arises  from  the  maxilla 
close  to  the  nasal  spine,  and  has  been  described  as  naso-labialis. 

The  course  of  the  several  labial  fibres  cannot  be  followed  by  simple  dissection,  but 
becomes  clear  on  the  examination  of  a  series  of  successive  sections.  There  is  no  special 
orbicularis  oris  of  purely  sphincter  fibres,  but  in  each  lip  there  are  several  strata  of  fibres 
derived  from  the  various  sources  already  mentioned  (fig.  640).  Those  from  the  buccinator 
usually  remain  intermediate,  those  for  the  musculi  incisivi  make  the  so-called  inner  stratum 
of  the  orbicularis.  This  arrangement  enables  the  lips  to  close,  to  be  closely  applied  to  the 
alveolar  arch  and  to  assume  many  varieties  of  shape  without  puckering. 

Into  all  these  muscles  branches  of  the  facial  nerve  can  be  traced  (§  456). 

A  detached  band  of  the  musculus  ineisivus  inferior  passes  downwards  and  forwards 
through  the  soft  parts  from  the  lower  incisive  alveoli  to  the  skin  of  the  chin,  which  it  can 
elevate,  and  is  hence  called  levator  menti,  a  similar  wandering  slip  of  the  superior  incisive 
muscle  is  inserted  into  the  ala  of  the  nose  and  forms  a  depressor  alse  nasi. 

Dissection. — Divide  and  reflect  the  platysma  from  below  upwards,  clearing  the  surface 
of  the  deep  fascia,  the  superficial  nerves,  and  the  external  jugular  vein.  In  certain  cases  of 
cerebral  and  other  diseases,  it  was  formerly  the  practice  to  open  this  vessel  as  it  descends  on 
the  sterno-mastoid.  In  doing  so,  the  surgeon  was  instructed  to  cut  across  the  fibres  of 
platysma  so  as  to  ensure  a  gaping  wound  and  a  copious  stream  of  blood. 

408.  THE  CERVICAL  FASCIA  is  a  fibrous  expansion  of  very  variable 
strength  in  different  parts  of  the  neck.  In  the  nuchal  triangle  it  constitutes 
the  sheaths  of  the  muscles  of  the  back,  and  can  only  be  made  to  appear  as  an 
independent  expansion  by  a  system  of  artificial  dissection.  From  the  outer 
border  of  the  trapezius  it  is  continued  forwards  as  a  rather  lax  areolar  layer, 
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in  which  many  lymphatic  glands  are  embedded,  pierced  by  the  cutaneous 
nerves  and  only  attaining  the  definiteness  of  a  true  fascia  as  it  approaches  the 
upper  edge  of  the  clavicle  and  the  hinder  border  of  the  sterno-mastoid.  Along 
the  latter  it  splits  into  two  lamella?,  which  enclose  that  muscle.  The  SUpra- 
Sterno-mastoid  layer  covers  the  sterno-mastoid  muscle,  unites  with  part 
of  the  deeper  lamella  along  its  inner  margin  (except  for  2  cm.  above  the 
sternum),  and  from  thence  passes  inwards  to  join  its  fellow  medially,  being 
attached  above  to  the  body  of  the  jaw  and  to  the  zygoma.  The  SUbsterilO- 
mastoid  layer  covers  the  scaleni  muscles  and  splits  into  two  at  the  outer 
side  of  the  great  cervical  vessels :  the  deeper  of  these  is  named  the  post- 
pharyngeal layer.  The  layer  which  passes  in  front  of  the  vessels  again  divides 
into  three  lamella? — one,  keeping  close  to  the  sterno-mastoid,  completes  its 
sheath  by  joining  the  overlying  layer.  A  second  or  pretracheal  layer  passes 
inwards  behind  the  group  of  depressor  muscles  of  the  hyoid,  and  a  third,  which 
completes  the  sheath  of  the  vessels,  dips  behind  the  thyroid  body  internal  to 
the  carotid  artery,  to  join  the  deepest  or  post-pharyngeal  layer,  which  lies 
behind  the  vessels.  This  last  layer  is  continuous  in  the  median  plane  behind 
the  pharynx  with  its  fellow  of  the  opposite  side.  There  is  usually  a  separate 
deeper  prevertebral  layer  sheathing  the  deep  muscles  of  the  vertebral  column. 
The  sympathetic  nerve  lies  between  this  and  the  post-pharyngeal  layer. 


splenitis 


scalenus  medius.  - 


carotid 
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arytenoid  cartilage, 
platysma. 

sterno-hyoid. 
sterno-thyroid. 
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sympathetic  nerve, 
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Fig.  621. — Horizontal  section  across  the  neck  on  the  level  of  the  intervertebral  substance 
between  the  3rd  and  4th  cervical  vertebra? — sp,  splenius ;  cm,  complexus ;  sp',  semi- 
spinals colli ;  sc7n,  sterno-mastoid  ;  ph,  pharynx ;  c,  carotid  artery ;  j,  jugular  vein  ; 
I.  c,  longus  colli ;  r,  l-ectus  capitis  anticus  major  ;  t.  c,  longissimus  cervicis  ;  sm,  scalenus 
medius.     The  cervical  fascia  is  represented  by  a  thick  shaded  line. 

The  cervical  fascia  thus  bounds  one  median  and  two  lateral  great  vertical 
loculi  in  the  neck — (1)  the  muscular  lOCllluS  or  sheath  of  the  sterno-mastoid 
on  each  side;  (2)  the  perivascular  sheath  or  that  of  the  vessels  behind  the 
last ;  and  (3)  the  middle  or  visceral  loculus,  wherein  are  contained  the  trachea 
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and  larynx,  oesophagus  and  pharynx,  and  thyroid  body.  Between  the  supra- 
sterno-mastoidean  and  the  pretracheal  layer  the  sterno-hyoid  and  thyroid 
muscles  are  imperfectly  sheathed. 

The  supra-sterno-mastoid  layer  is  attached  below  to  the  clavicle  and  to  the  anterior 
margin  of  the  presternal  notch.  The  sub-sterno-mastoid  layer  sheaths  the  omo-hyoid  ex- 
ternally, and  is  continued  downwards  to  the  clavicle.  Immediately  above  the  sternum 
it  does  not  join  the  former  layer,  but  is  continuous  with  the  upper  border  of  the  inter- 
clavicular ligament  and  attached  to  the  hinder  edge  of  the  sternum.  Between  these  layers 
there  is  an  areolar  interspace  above  the  presternal  notch  (Burns'  space).  The  pretracheal 
layer  below  unites  with  the  perivascular,  and  forms  the  fascial  investment  on  the  vessels  at 
the  root  of  the  neck,  which  is  continued  into  the  thorax  to  join  the  fibrous  layer  of  the 

pericardium  (Godman's  fascia). 

The  prevertebral  fascia  entering  the  thorax  in  part  (medially)  fuses  with  the  anterior 
common  spinous  ligament,  and  in  part  (laterally)  is  the  parent  of  those  scattered  fibrous 
bands  which  cross  the  roots  of  the 
lungs   and   the   aorta,    and   are  con- 
tinued on  the  side  of  the  pericardium 

as  the  ligamenta  suspensoria  of 

the  diaphragm. 

The  loose  connective  envelope  con- 
nected with  the  perivascular  layer 
which  sheaths  the  subclavian  vessels 
as  they  pass  towards  the  triangular 
opening  into  the  axilla  is  scarcely 
worthy  of  the  name  of  fascial  sheath. 
Over  it  the  post-sterno-mastoid  layer 
extends  as  a  kind  of  septum,  bearing 
on  its  surface  the  suprascapular  ves- 
sels. The  dome-like  fascia  on 
each  side  which  covers  the  cervical 
aspect  of  the  pleura  has  been  already 
noted  (p.  316),  and  appears  to  be 
genetically  distinct  from  the  cervical 
fascia.  With  its  exception  there  is 
no  true  fascial  "  cervico  -  thoracic 
septum. " 

The  strong  band  whereby 
the  supra-sterno-mastoid  layer  is 
fastened  to  the  angle  of  the  jaw 
sends  inwards  a  deep,  strong 
prolongation  which  stretches  in 
front  of  the  parotid  gland  to 
the  styloid  process,  forming  the 

stylo-mandibular  ligament, 

the  upper  prolongations  are  here- 
after to  be  seen  as  the  internal 

lateral  ligament  of  the 
lower  jaw,  the  pterygo- 
mandibular   and    pterygo- 

SpinOUS  ligaments. 

Dissection. — Divide  the  supra- 
sterno-mastoid  fascia   along  the   line 

of  the  sterno-mastoid  muscle  and  remove  it,  leaving  in  place  the  two  nerves  and  veins  which 
cross  the  muscle. 

409.  STERNO-MASTOID  (fig.  622)  arises  (1)  by  a  tendon  which  is  rounded 
internally,  flatfish  and  mixed  with  fleshy  fibres  externally,  from  the  upper  and 
anterior  surface  of  the  presternum,  below  and  internal  to  the  sterno-clavicular 
joint,  and  (2)  by  a  flatfish,  fleshy  and  tendinous  origin  from  the  inner  third  of 
the  upper  surface  of  the  clavicle.  These  origins  are  at  first  separated  by  a  not- 
very-definite  triangular  interval.     The  sternal  fibres  ascend  obliquely  and  super- 


Fig. 


622. — The   superficial   muscles   and    lymphatic 
vessels  of  the  side  of  the  Deck  and  face. 


54o 


TRIANGLES    OF    NECK. 


ficially,  covering  the  sternoclavicular  joint ;  the  clavicular  fibres  are  more 
vertical  and  deeper,  but  the  degree  of  separability  is  variable.  The  muscle 
narrows  in  its  mid-part,  but  flattens  upwards  towards  the  head.  The  sternal 
portion  is  inserted  into  the  border  of  the  mastoid  process,  into  the  mastoid  bone 
behind  the  process,  and  into  a  variable  amount  of  the  outer  part  of  the  superior 
nuchal  line.  The  clavicular  fibres  are  inserted  by  a  definite  tendon  into  the 
mastoid  process  near  its  tip. 

Each  sterno-mastoid  rotates  the  head  to  the  opposite  side  or  abducts  it ;  both 
can  draw  it  backwards.  The  head  being  fixed,  they  can  elevate  the  sternum  in 
forced  inspiration.  The  muscle  is  supplied  by  the  spinal  accessory  nerve  which 
passes  through  it,  and  by  branches  of  the  second  and  third  cervical  nerves,  and 
is  nourished  by  branches  of  the  suprascapular,  superior  thyroid,  occipital  and 
external  carotid  arteries. 

Besides  the  sternp-masto-occipital  or  strongest  portion,  and  the  deeper  cleido-mastold  por- 
tion, there  is  usually  also  a  third  set,  of  cleido-occlpital  fibres  constituting  the  outmost  portion 

of  the  muscle,  and  passing  from  the  clavicle  to 
the  nuchal  line  between  the  first  portion  and 
the  trapezius.  This  slip  is  an  anterior  dismem- 
berment of  the  trapezius,  to  which  it  is  linked 
by  innervation,  and  therefore  is  a  muscle  of  the 
shoidder  girdle ;  consequently  the  hinder  edge 
of  the  sterno-mastoid  and  the  anterior  edge  of 
the  trapezius  are  apt  to  be  variable  in  relative 
extents. 

The  sterno-mastoid  rests  on  the  sterno-clavicular 
joint,  and  the  substerno-mastoid  layer  of  its  sheath, 
on  the  superior  cervical  lymphatic  glands,  the 
omo-hyoid  and  sterno-hyoid  muscles,  the  sheath  of 
the  great  vessels,  cervical  plexus,  the  levator  anguli 
scapula?,  splenius,  scaleni,  and  digastric  muscles, 
the  occipital  artery  and  the  spinal  accessory  nerve. 
The  sterno-mastoid  is  genetically  connected  to  the 
trapezius,  and  is  a  dismemberment  of  that  remark- 
able viscerally-innervated  sling  muscle  of  the 
shoulder  girdle  (§  143).  They  originally  formed 
an  upper  and  inner  sling  for  the  girdle,  but  the 
muscular  sheet  has  been  extended  downwards 
and  is  below  fused  with  the  superficial  layer  of  the 
ventral  muscle.  The  dorsally  arising  part  of  the 
trapezius  and  its  derivative,  the  rhomboid,  are 
for  the  most  part  true  somatic  muscles  and  have 
consequently  a  spinal  innervation. 


Fig.  623. — Posterior  surface  of  nuchal 
triangle  of  neck  dissected — 1,  tra- 
pezius ;  2,  sterno-mastoid ;  3,  splenius ; 
4,  complexus  ;  5,  occipital  artery  ;  6, 
posterior  auricular  vein  ;  7,  occipital 
vein;  8,  greater  occipital  nerve;  9,  lesser 
occipital  nerve. 


410.    TRIANGLES  OF   NECK.— The 

quadrilateral  space  on  each  side  of  the 
neck  is  bounded  by  the  lower  jaw  above, 
the  clavicle  below,  the  trapezius  behind,  and  the  median  line  in  front,  and  is 
divided  by  a  line  drawn  from  the  interval  between  the  two  heads  of  the  sterno- 
mastoid  to  the  mastoid  process  (the  sterno-mastoid  line)  into  the  anterior  and 
posterior  triangles.  Each  of  these  is  again  subdivided  by  the  omo-hyoid  muscle 
into  a  superior  and  an  inferior  part. 

The  posterior  superior  triangle. — A  rather  irregular  space  is  bounded 
behind  by  the  edge  of  the  trapezius,  in  front  by  the  sterno-mastoid,  and  below  by 
the  omo-hyoid.  By  removing  the  loose  connective  tissue  into  which  the  cervical 
fascia  is  here  resolved,  the  following  parts  are  exposed  :  — 

(1)  The  posterior  cervical  lymphatics,  glands  and  vessels  (fig.  622),  (2)  the 
eervical  plexus,  (3)  the  spinal  accessory  nerve,  (4  and  5)  the  transverse  and 
superficial  cervical  vessels  below,  (6)  the  occipital  artery  above,  and  (7)  the 
upper  part  of  the  brachial  plexus.  The  floor  of  this  space  is  formed  by  the 
scaleni,  splenii,  and  levator  avguli  scaptdir  muscles. 
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The  posterior  cervical  lymphatics  (fig.  622)  stream  downwards  from  the 
head  in  two  series;  one  from  behind  the  ear  forms  a  set  of  three  post-auricular 
glands  over  and  in  front  of  the  mastoid  process,  communicating  with  the  efferent 
lymphatics  from  the  two  small  occipital  glands  which  overlie  the  trapezius  and 
ending  in  four  superficial  cervical  glands  along  the  hinder  border  of  the  sterno- 
mastoid.  A  second  series  descend  backwards  from  the  temporal  and  maxillary 
region,  crossing  the  muscle  to  end  in  the  lowest  of  these  glands  along  its  hinder 

inferior  bucco-labial.         auric,  magnus.      occip.  minor. 


communicates  between 

facial  and  superficial 

colli. 

parotid. 


cervical  branches 

of  1th. 

anterior  belly  of* 

digastric. 


sterno-hijoid. 


omo-hyoid 


suprasternal  nerve. 


post  br.  of  auricular 
magnus. 

occipitalis  major- 


—  spinal  accessor;/. 


supraclavicular 
nerves. 


supra  acromial 
nerves. 

external 
supraclavicular. 


Fig.  624. — Superficial  branches  of  the  cervical  plexus. 

border.  These  glands  are  liable  to  become  enlarged  in  diseases  of  the  seal]) 
and  in  strumous  subjects ;  their  efferent  vessels  pass  behind  the  external  jugular 
vein,  and  dip  underneath  the  posterior  edge  of  the  sterno-mastoid. 

411.  THE  CERVICAL  PLEXUS  OF  NERVES  (figs.  624,  626),  whose  super- 
ficial branches  overlie  the  sterno-mastoid,  can  be  exposed  by  tracing  these  back- 
wards under  the  hinder  edge  of  that  muscle.  It  is  formed  by  the  looped  unions 
of  the  anterior  branches  of  the  four  upper  cervical  nerves,  is  overlapped  by  the 
sterno-mastoid,  and  lies  on  the  splenius,  scalenus  medius,  and  levator  anguli 
scapulae.  The  branches  may  be  divided  into  three  series: — i,  cutaneous;  2, 
muscular ;  and  3,  communicating. 

The  cutaneous  nerves  are  ascending  and  descending.  The  former  are 
three : — 

i-  Occipitalis  minor  (figs.  614,  624),  derived  chiefly  from  the  second 
cervical,  ascends  on  the  splenius  along  the  hinder  margin  of  the  sterno-mastoid  to 
the  scalp,  where  it  terminates  by  dividing  into  anterior  and  posterior  branches, 
distributed  respectively  to  the  ykin  over  and  above  the  mastoid  process,  and 
to  the  skin  over  the  asterion  au  high  as  the  parietal  eminence  (fig.  625,  OMi). 
In  the  neck  it  gives  off  three  fine  branches,  one,  which  is  constant,  to  the  skin 
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alonff  the  hinder  edge  of  the  sterno-mastoid,  the  other  two  only  arise  when  this 
nerve  has  a  root  from  the  third  cervical,  and  one  of  these  is  distributed  to  the 
skin  over  the  trapezius,  and  the  second  communicates  with  the  spinal  accessory 
nerve.     This  nerve  is  the  most  variable  branch  of  the  plexus. 

2.  AuriClllaris  magllUS  (fig-  614),  the  largest  branch  of  the  plexus,  arises 
from  the  loop  between  the  second  and  third  cervical  nerves,  and  winds  round 
the  hinder  edge  of  the  sterno-mastoid  ascending  on  its  outer  surface  behind,  and 
pai-allel  to  the  communicating  branch  of  the  jugular  vein  under  the  platysma, 
and  piercing  the  fascia  as  it  reaches  the  level  of  the  ear.     Below  this  it  has 


Muse,  temporal 


Muse,  masseter 


N.  hyroglossaa. 


Platysma  rayoides. 
Muse,  sternohyoideus. 

Muse,  sternothyreoideua. 

Muse,  omohyoideus. 


Nil.  tboracici  antenores. 


Muse,  splenitis. 

Muse,  steniocleidomastoideus. 

N.  accessoriua. 

II  use.  levator  anguli  scapula* 

M use.  cucullaris  or  trapeadua. 

N.  dorsalis  scapulae. 


N.  axillaris. 

2*.  iko taeicai  l>UEii- 


K.  phrenicus. 


Erb's 

Supraclavicular- 
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Fig.  625. — Areas  of  cutaneous  distribution  of  sensory  nerves  and  spots  where  stimulation 
produces  reflex  contractions  of  cervical  muscles — SO,  supraorbital ;  A  T,  auriculo- 
temporal;  ST,  IT,  supra-  and  infratrochlear ;  N,  nasal;  10,  infraorbital;  B,  buccal; 
M,  mental ;  OMj,  occipitalis  major  ;  CS,  superficialis  colli ;  G  W,  area  of  opercular  lobe 
of  cerebrum  ;  S  C,  speech  centre. 

divided  into  two  branches,  a  smaller  anterior  which  ramifies  in  the  skin  over 
the  parotid,  masseter,  and  the  concave  surface  of  the  auricle,  and  from  which 
fine  branches  pass  to  the  gland ;  the  larger  posterior  branch  is  distributed  in 
auricular,  mastoid,  and  post-temporal  branches  to  these  regions  of  the  head 
(fig.  625,  AM).  m 

3.  Superficialis  COlli,  a  small  flattened  nerve  (fig.  624)  arising  from  the 
third  cervical,  emerges  below  the  last  from  under  the  hinder  border  of  the 
sterno-mastoid,  which  it  crosses,  passing  inwards  under  the  jugular  vein,  to 
which  it  gives  filaments,  and  finally  dividing  into  ascending  and  descending 
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"branches  (fig.  614)3  the  former  pass  upwards  and  inwards  to  form  two  loops 
with  the  inframaxillary  branches  of  the  facial  nerve  (fig.  624) ;  the  latter 
(transversalis  colli)  are  distributed  to  the  skin  over  the  larynx  and  trachea,  as 
far  downwards  as  the  sternum. 

The  cutaneous  descending  branches  are  five,  which  usually  arise  from  one 
or  more  common  stems. 

1.  Suprasternal  (fig.  624)  arises  from  the  loop  between  the  third  and 
fourth  cervical  nerves,  and  descends  obliquely  inwards,  crossing  the  clavicular 
origin  of  the  sterno-mastoid  to  be  distributed  to  the  skin  over  the  presternum, 
and  to  the  sterno-clavicular  capsule. 

2-4.  Supraclavicular  nerves  are  three — internal,  middle,  and  external  (ib.), 
usually  arising  together  from  the  fourth  cervical,  and  distributed  to  the  skin  of 


Fig.  626. — Plan  of  the  cervical  plexus  and  its  connections.     The  motor  branches  of  the 
plexus  are  represented  by  black  fines. 

-the  thoracic  wall  as  far  down  as  the  fourth  rib;  the  middle  nerve  not  un- 
commonly pierces  the  clavicle. 

5.  Supra-acromial  is  a  small  branch  which  crosses  the  anterior  edge  of 
the  trapezius  to  the  skin  over  the  point  of  the  shoulder.  It  usually  communi- 
cates with  the  spinal  accessory  nerve. 

The  vertebral  muscular  branches  are  mostly  on  a  deeper  plane  and  cannot  yet  be  fully 
seen   (fig.  626).     They  supply  the  rectus  capitis  anticus  minor  and  rectus  lateralis  (first 
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cervical),  the  rectus  capitis  anticus  major  (first,  second,  third,  and  fourth),  the  cervical 
intercostals  and  longus  colli  (second,  third,  and  fourth),  levator  anguli  scapula?  (second  and 
third),  scalenus  metiius  (third  and  fourth),  and  scalenus  anticus  (fourth).  The  filaments  from 
each  cord  usually  pass  separately  to  their  distributions. 

412.  THE  PHRENIC  cannot  yet  be  followed.  It  chiefly  arises  from  the 
fourth  cervical,  with  a  few  filaments  from  the  third,  and  descends  obliquely 
inwards  across  the  scalenus  anticus  and  over  the  first  stage  of  the  subclavian 
artery,  crossing  over  the  internal  mammary  as  it  enters  the  thorax  behind  the 
subclavian  vein,  the  sterno-clavicular  joint,  and  the  cartilage  of  the  first  rib. 
It  descends  on  the  pericardium  beneath  the  pleura  in  front  of  the  root  of  the 
lung  to  the  diaphragm,  to  which  it  is  distributed.  The  thoracic  course  of  this 
nerve  has  been  elsewhere  described  (p.  315),  but  it  may  be  well  to  note  while 
examining  this  nerve  at  its  source,  the  differences  in  course  and  relation  of  the 
right  and  left  phrenics.  The  right  is  the  shorter  and  more  deeply  placed ;  it 
lies  external  to  the  right  innominate  and  superior  caval  veins,  and  is  distri- 
buted to  the  diaphragm  in  front  and  external  to  the  caval  opening,  but  for 
its  whole  course  it  is  deeper  and  its  ending  is  nearer  the  median  line  and 
farther  back  than  that  of  the  left.  It  terminates  by  dividing  into  anterior  and 
posterior  branches,  the  latter  dividing  into  (1)  muscular  branches  to  the  lum- 
bar part  of  the  diaphragm,  communicating  with  the  phrenic  ganglion  of  the 
sympathetic,  and  (2)  coronary  branches  to  the  capsule  of  the  liver.  The  left 
phrenic  is  longer  than  the  right  (115  :  100),  crosses  the  aortic  arch,  winds  round 
the  apex  of  the  heart,  and  enters  the  diaphragm  on  the  costal  side  of  the  central 
leaflet,  anterior  and  farther  outwards  than  the  right.  It  terminates  in  three 
branches,  an  anterior,  a  lateral,  and  a  posterior,  the  last  supplying  the  hinder 
part  of  the  diaphragm  and  sending  filaments  to  communicate  with  the  cceliac 
plexus.  In  its  course  the  phrenic  gives  off  pericardiac  and  pleural  branches, 
and  receives  communicating  filaments  from  the  inferior  cervical  sympathetic 
ganglion,  from  the  ansa  infrahyoidea  occasionally,  from  the  nerve  to  the  sub- 
clavius  rarely. 

413.  INFRAHYOID  BRANCHES.— The  branches  of  the  cervical  plexus 
to  the  infrahyoidean  muscles  take  a  peculiar  course,  but  cannot  yet  be  traced. 
From  the  ansa  atlantis  or  loop  between  the  first  and  second  nerves  (fig.  627,  b — 
to  be  subsequently  exposed),  which  lies  close  to  the  bone,  communicating 
branches  pass  to  the  outer  side  of  the  hypoglossal  nerve  (ib.,  d,  d1,  d2),  and 
appear  to  become  incorporated  with  it,  but,  having  descended  to  the  level  at 
which  the  hypoglossal  winds  round  the  occipital  artery  below  the  posterior 
belly  of  the  digastric  muscle,  they  separate  from  the  hypoglossal  and  descend  as 
a  distinct  cord  (ib.,  g,  D),  descendens  Cervicis  (formerly  called  descendens 
noni),  in  front  of  the  sheath  of  the  great  cervical  vessels,  under  cover  of  the 
inner  edge  of  the  sterno-mastoid,  nearly  as  far  as  the  point  where  the  omo- 
hyoid crosses  the  vessels.  The  upper  part  of  this  nerve  cannot  yet  be  seen,  but 
its  course  in  front  of  the  sheath  of  the  vessels  is  brought  into  view  by  raising 
and  drawing  outwards  the  edge  of  the  sterno-mastoid.  From  the  second  and 
third  cervical  nerves  two  small  threads,  the  communicantes  cervicis  (ib.,  e,  f), 
descend  inwards,  separately  or  united  on  the  outer  side  of  the  sheath  of  the 
vessels,  usually  crossing  the  internal  jugular  vein  (but  sometimes  passing  behind 
it),  and  these  join  the  descendens  cervicis,  forming  with  it  a  loop  (ansa  infra- 
hyoidea) in  front  of  the  sheath  of  the  vessels.  From  this  loop  four  branches 
arise,  one  to  the  anterior  belly  of  the  omo-hyoid,  one  to  the  stemo-hyoid,  one  to 
the  posterior  belly  of  the  omo-hyoid,  and  one  to  the  temo-thyroid,  which 
occasionally  gives  off  a  communicating  twig  to  the  phrenic 

The  other  communicating  branches  of  the  cervical  ple^_  re  twofold  : — (1) 
Separate  branches  from  each  nerve  pass  to  the  superior  cervical  sympathetic 
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ganglion ;  these  cannot  yet  be  followed  (tig.  626).  (2)  Two  branches  com- 
municate with  the  spinal  accessory ;  these  arise  from  the  loops  between  the 
second  and  third,  and  the  third  and  fourth  nerves,  the  upper  enters  the  sterno- 
mastoid  and  unites  with  the  spinal  accessory  within  it,  the  lower  usually  crosses 
the  posterior  superior  triangle  to  the  trapezius,  under  or  in  front  of  which  it 
unites  with  the  spinal  accessory,  and  is  distributed  with  it  to  that  muscle, 
especially  to  its  lowest  part. 

There  is  no  distinct  division  of  the  cervical 
plexus  into  anterior  and  posterior  branches  as  in 
the  other  plexuses,  but  the  occipital,  muscular, 
those  to  the  vertebral  muscles  and  the  supra  - 
acromial  are  posterior,  the  other  cutaneous  nerves, 
the  communicating  branches  to  the  hypoglossal 
and  the  phrenic  are  anterior,  but  this  want  of  sub- 
division is  correlated  with  the  non-extension  of 
the  ccelom  into  the  neck. 

The  whole  of  the  communicating  cervical  fila- 
ments to  the  trunk  of  the  hypoglossal  do  not 
leave  that  nerve  in  the  descendens  cervicis,  some 
pass  farther  on,  leaving  the  cord  anteriorly,  and 
forming  the  nerve  to  the  thyro-hy old  (fig.  627,  th), 
and  the  nerve  to  the  genio-hyoid  (ib.,  ge). 

414.  JUGULAR  VEINS.— Three  veins 

in  the  neck  are  described  under  this  name. 

1.  The  external  jugular  (fig.  628)  is 

the  degenerated  remnant  of  the  most  im- 
portant of  the  foetal  cervical  veins,  and   is 
therefore    variable.      It  originally   drained 
the  blood  of  the  lateral  and  superior  petrosal 
sinuses  through   the   postglenoid   foramen 
from  the  confluens 
lateralis,     and    the 
vestiges    of  this 
vessel  persist  as  the 
mastoid   vein.      In 
the  adult  it  arises 
by  the  junction  of 
the     occipital     and 
posterior    auricular    vein    over  the  hinder 
border   of  the    sterno-mastoid,  and   lower 
down  is  joined  by  a  large  communicating 
vein  from  the  temporo-maxillary  (fig.  628,  *), 
which  emerges  at  the  lower  edge  of  the 
parotid  gland,    descends    over    the    fascia 
across  the  sterno-mastoid  from  within  and 
above,  downwards  and  outwards. 

This   communicating  stem   is   often   so   large 
that  it  appears  as  if  it  were  the  stem  of  the  vein, 
and  is  often  described  as  such,  the  true  external 
x  jugular  being  then  called  posterior  external  jug- 

Fig.  627. — Plan  of  the  infrahyoid  branches   ular. 

SSSSKST"/rS^SS         At  the  posterior  border  of  the  stemo- 

second,  and  third  cervical  nerves;   c,    mastoid    muscle,    a    short    distance    above 

ascending  branch.  the    clavicle,    this    vessel    turns    inwards, 

pierces  the  cervical  fascia,  and  ends  by  joining  the  subclavian  vein.       It   is 

accompanied  by  branches  of  the  great  auricular  and  lesser  occipital  nerves, 

and  is  crossed  by  the  superficial  cervical  nerve. 
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There  is  a  pair  of  valves  in  this  vein  near,  but  not  at,  its  termination,  and 
usually  a  second  pair  as  it  is  joined  by  the  communicating  vein,  a  third,  usually 
rudimentary,  pair  is  generally  present  a  little  below  the  ear. 

2.  The  common  jugular  vein  is  the  largest  vein  in  the  adult  neck,  to  be 
seen  hereafter  (§  449). 

3.  Close  to  the  anterior  median  line  the  superficial  cervical  veins  are  very 
variable  in  their  arrangement.  A  distinct  anterior  jugular  vein  (vena 
mediana  colli)  is  only  present  in  62  per  cent.,  and  even  then  is  often  very  small, 
except   in   cases    where    the   external   jugular  vein    is   deficient.      It  may  be 


Mtdiana 
colli 


Fig.  628. — Superficial  veins  of  the  side  of  the  head  and  neck. 

double,  or  represented  by  a  plexus,  or  single  and  unsymmetrical ;  a  large 
anterior  rarely  co-exists  with  a  large  external  jugular.  When  present  it  arises 
by  the  union  of  a  submental  with  an  infrahyoid  vein,  and  descends  internal  to 
the  sterno-mastoid  to  the  lower  third  of  the  neck,  at  which  point  it  turns 
outwards  beneath,  rarely  over  that  muscle  to  end  in  the  subclavian  vein.  This 
transverse  stage  of  the  anterior  jugular  is  endangered  in  the  operation  of 
section  of  the  sterno-mastoid  for  wry-neck.  A  transverse  bi'anch  sometimes 
unites  the  two  anterior  jugulars  below,  but  this  vein  seldom  communicates 
with  the  underlying  large  network  of  thyroid  veins.     This  vein  is  valveless. 
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Dissection. — Divide  the  sterno-mastoid  in  the  middle  and  reflect  it.  Clean  the  sub- 
jacent infrahyoidean  group  of  muscles  and  the  digastric.  In  exposing  the  omo-hyoid,  the 
fascia  which  ties  its  posterior  belly  to  the  clavicle  is  to  be  left  undivided,  and  the  branches 
of  nerves  from  the  ansa  infrahyoidea  are  to  be  followed  to  their  distribution.  The  nerve  to 
the  posterior  belly  of  the  omo-hyoid  underlies  the  intermediate  tendon  of  that  muscle. 

41 5.  OMO-HYOID  (fig.  624)  is  a  digastric  muscle  which  underlies  the  sterno- 
mastoid  and  its  sheath.  Its  posterior  belly  arises  from  a  variable  extent,  usually 
about  half  of  the  superior  margin  of  the  scapula  (fig.  220,  o.h),  and  sometimes  from 
the  suprascapular  ligament.  It  passes  forwards  and  slightly  upwards  beneath 
the  trapezius  and  lies  behind  the  clavicle,  to  which  its  lower  border  is  bound  by 
a  firm  fibrous  expansion.  It  ends  in  a  flat  central  tendon  under  the  sterno- 
mastoid  and  over  the  sheath  of  the  vessels,  and  from  this  the  anterior  belly 
ascends  steeply,  forming  with  the  posterior  portion  an  obtuse  angle  which  is 
altered  but  little  when  the  muscle  is  in  action.  It  is  inserted  into  the  lower 
border  of  the  body  of  the  hyoid  bone,  external  to  and  overlapping  the  sterno- 
hyoid. The  omo-hyoid  overlies  the  suprascapular  nerve,  brachial  plexus,  scalene 
muscles,  phrenic  nerve,  the  sheath  of  the  cervical  vessels,  and  the  stemo-thyroid 
and  thyro-hyoid  muscles.  The  anterior  belly  is  innervated  by  a  branch  of  the 
descendens  cervicis,  the  posterior  by  one  from  the  ansa  infrahyoidea  (fig.  627), 
its  nerve  entering  close  to  the  central  tendon. 

The  fibrous  expansion  which  binds  the  tendon  of  the  omo-hyoid  to  the  clavicle  is  a  portion 
of  its  own  lower  border  expanded  and  blended  with  the  overlying  portion  of  the  cervical  fascia. 

416.  STERNO-HYOID  (fig.  624)  is  a  thin,  flat  band  of  parallel  fibres  arising 
from  the  hinder  surface  of  the  sternal  end  of  the  clavicle,  and  of  the  sterno-clavi- 
cular  capsule,  and  from  the  contiguous  surface  of  the  presternum.  From  thence 
ascending  and  converging  with  its  fellow,  it  is  inserted  into  the  lower  border  of 
the  body  of  the  hyoid  bone  by  short  tendinous  fibres.  It  lies  on  the  sterno- 
thyroid and  thyro-hyoid  muscles,  and  crosses  the  superior  thyroid  artery  and 
the  thyroid  body. 

In  the  median  interspace  between  the  two  sterno-hyoids,  the  thyro-hyoid  membrane, 
the  pomum  Adami,  the  sternothyroid  muscles,  the  crico- thyroid  space,  and  the  cricoid 
cartilages  appear. 

The  omo-hyoid  and  sterno-hyoid  are  separated  parts  of  a  deep  cervical  muscular  sheet 
attached  below  to  the  shoulder-girdle  (the  cervical  portion  of  the  rectus-segment  of  the  ventral 
muscle).  The  intermediate  part  below  has  degenerated 
into  the  fascia  which  ties  the  omo-hyoid  to  the  clavicle, 
in  which,  not  uncommonly,  fleshy  fibres  are  developed, 
forming  additional  heads  for  the  onto- hyoid.  The  ten- 
dinous inscription  is  a  trace  of  cervical  metamerism, 
and  not  uncommonly  traverses  the  sterno-hyoid  at  the 
same  level,  in  which  case  the  sterno-hyoid  receives  two 
filaments  of  nerves. 

Dissection. — Divide  the  sterno-hyoid  immediately 
above  the  clavicle  and  reflect  it  upwards,  preserving 
its  nerve.  Clean  the  stemo-thyroid  and  thyro-hyoid 
muscles. 

417.  STERNO- THYROID  (fig.  624),  a 
ribbon  of  parallel  fascicles,  arises  from  the  hinder 
surface  of  the  presternum  and  the  cartilage  of  the 
first  rib,  below  and  internal  to  the  sterno-hyoid. 
It  ascends,  diverging  a  little  from  its  fellow,  to 
be  inserted  into  the  oblique  line  on  the  thyroid   Fig-   629.— Thyro-hyoid   muscle,    a 

cartilage  (fig.  629).     It  is  covered  by  the  stew-  P1?.  »  ?™*ed  throu^  a*'  °E 

,      . ,  to     v  ,°     .  S>      .     ,  ,    .  /..  ,.  which  m  this  specimen  was  from 

hyoid,  omo-hyoid,  and  sterno-mastoid,  hes  on  the  a  tendinous  arch  along  the  oblique 

pretracheal  fascia,  the  innominate  vein,  carotid  iine —  I.L.,     external     laryngeal 

artery,  thyroid  body,  and  its  plexus  of  veins,  nerve ;  SL,    superior  laryngeal 

trachea,  and  larynx.     It  may  be  crossed  by  a  nerve  and  artery, 
tendinous  intersection.    Its  breadth  varies  directly  with  that  of  the  thyroid  body. 
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Thyro-hyoid  (Hg-  629)  is  a  quadrate  continuation  of  the  sterno-thyroid  up- 
wards, and  is  variable  in  its  degree  of  separation  from  that  muscle.  It  arises  from 
the  oblique  line  on  the  thyroid  ala  (§  499),  and  is  inserted  into  the  lower  border 
of  the  body  and  great  cornu  of  the  hyoid  bone.  Being  wider  than  the  sterno-hyoid 
it  usually  projects  to  its  outer  side,  beneath  and  even  beyond  the  omo-hyoid. 

The  omo-  and  sterno-hyoid  are  depressors  of  the  hyoid  bone,  the  former  is  a  tensor  of  the 
cervical  fascia  and  can  lift  the  fascial  pressure  from  the  jugular  vein.  All  the  four  muscles 
act  in  bass  vocalisation  and  forced  inspiration.  The  thyro-hyoid  elevates,  and  the  sterno- 
thyroid depresses  the  thyroid  cartilage.  The  nerve  to  the  thyro-hyoid  (tigs.  627,  th ;  629,  T.  H) 
is  derived  from  the  ansa  atlantis  (§  481),  but  descends  along  with  the  hypoglossal  from 
which  it  appears  to  come  off.  The  sterno-thymid  and  thyro-hyoid  are  deeper  delaminations 
of  the  same  sheet  as  the  preceding  pair  of  muscles. 

418.  THE  POSTERIOR  INFERIOR  TRIANGLE  is  the  smallest  of  the  four 
cervical  spaces,  and  is  bounded  above  by  the  omo-hyoid,  below  by  the  clavicle, 
and  in  front  by  the  stern o-mastoid  line  (§410).  It  is  covered  in  by  the  fascia 
joining  the  omo-hyoid  to  the  clavicle,  upon  which  lie  the  platysma  and  the 
.supraclavicular  cutaneous  nerves  (fig.  624),  and  through  which  the  external 
jugular  vein  pierces.  It  contains  the  inferior  cervical  lymphatics,  the  subclavian, 
transverse  and  superficial  cervical,  and  suprascapular  arteries  and  veins,  the 
scalene  muscles,  the  phrenic  nerve,  and  the  brachial  plexus.  The  subclavian 
vein  is  usually  behind  the  clavicle,  and,  therefore,  below  the  limit  of  the  space. 
About  fourteen  small  glands,  on  and  under  the  omo-hyoid,  receive  the  descending 
cervical  lymphatics  from  the  parts  above,  (fig.  622)  and  give  off  about  six  large 
efferent  vessels,  which  unite  on  the  inner  edge  of  the  scalenus  anticus  into  a 
short  jugular  lymphatic  trunk.  On  the  right  side  this  is  about  6  mm.  long, 
and  ends  in  the  right  lymphatic  duct.  The  left  jugular  lymphatic  trunk  is 
about  3  mm.  long,  and  ends  in  the  thoracic  duct.  These  ducts  both  end  below 
the  level  of  the  clavicle.  A  thin  fascial  expansion  from  the  outer  edge  of  the 
scalenus  anticus  separates  the  suprascapular  vessels  from  the  subclavian.  There 
is  often  much  loose,  soft  fat  in  this  space. 

419.  THE  SUBCLAVIAN  ARTERY  (fig.  630)  lies  deeply  in  this  triangle 
wherein  it  forms  an  arch  whose  convexity  is  directed  upwards,  reaching  to  the 
level  of  the  sixth  cervical  vertebra.  It  is  divided  into  three  stages  by  the 
scalenus  anticus  muscle,  a  first  or  pectoral  Stage,  internal  to  this  muscle;  a 
second  or  intermuscular  Stage  behind  it;  and  a  third  or  cervical  from  the 
outer  border  of  the  muscle  to  the  lower  border  of  the  first  rib,  at  which  level 
it  changes  its  name  and  becomes  axillary  (p.  269).  Only  the  second  and  third 
stages  lie  in  this  space,  the  first  being  internal  to  it. 

The  right  subclavian  artery  arises  from  the  arteria  innominata  (§  435), 
the  left  arises  from  the  arch  of  the  aorta  (p.  346).  These  vessels,  therefore, 
differ  in  their  relations  in  their  first  stages.  The  first  Stage  Of  the  right  sub- 
clavian lies  under  cover  of  the  skin,  platysma,  fascia,  the  sterno-mastoid,  sterno- 
hyoid, and  sterno-thyroid  muscles ;  it  is  crossed  by  the  internal  jugular  and 
vertebral  veins  and  by  the  vagus,  superior  cardiac,  and  phrenic  nerves.  Below 
it  is  the  right  pleura  and  the  recurrent  laryngeal  nerve,  and  behind  is  the  longus 
colli  muscle,  the  transverse  process  of  the  first  dorsal  vertebra,  the  sympathetic 
cord,  the  inferior  cardiac  and  recurrent  laryngeal  nerves.  The  subclavian 
vein,  which  lies  below  and  in  front,  is  separated  from  the  artery  by  the  phrenic 
nerve. 

The  first  Stage  Of  the  left  subclavian  (fig.  636,  9)  is  longer,  a  little 
smaller  in  calibre,  and  a  little  deeper  than  the  right,  and  its  commencement 
cannot  be  seen  until  the  thorax  is  opened.  In  the  thoracic  part  of  its  course  it 
has  the  left  pleura  and  lung  in  front,  to  the  left,  and,  for  a  little,  posterior  to 
it.  It  is  covered,  in  addition,  by  the  presternum,  first  rib,  and  sterno-clavicular 
joint,  by  its  own  vein  (which  crosses  it  at  the  outlet  of  the  thorax,'  and  joins  the 


THE    SUBCLAVIAN    ARTERY. 


549 


jugular  vein,  forming  the  vena  innominata  in  front  of  the  artery — fig.  638),  and 
by  the  phrenic  nerve.  The  trachea,  oesophagus,  left  recurrent  laryngeal  nerve, 
and  thoracic  duct  lie  behind  and  internal  to  it.  The  left  carotid  is  anterior  and 
to  its  inner  side,  and  the  vagus  is  parallel,  anterior,  and  internal. 

In  the  neck  the  relations  of  the  left  resemble  those  of  the  right.  The  sterno- 
mastoid,  sterno-hyoid,  and  ster no-thyroid  muscles,  the  vagus,  phrenic  and  some- 
times the  superior  cardiac  nerves  overlie  it,  and  the  longus  colli,  spine,  and 
sympathetic  are  behind  it. 

This  stage  of  the  artery  in  the  embryo  lies  at  the  anterior  part  of  the  wall  of  the  ecelom. 

In  the  second  Stage  the  relations  are  nearly  the  same  on  both  sides.  The 
subclavian    artery   passes  transversely  outwards,  under  cover  of  the  scalenus 
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transversalis  colli. — 


occasional  root  from  the 
thyroid  axis. 


suprascapular.    _r 
costo-cervical  trunk 


axillary  artery. 


inferior  thyroid. 


vertebral  arterv. 


internal  mammary. 


Fig.  630. 


nnominate 
artery. 


-Scheme  of  the  subclavian  artery.     The  scalenus  anticus  is  represented  as  cut 
above  it  and  the  first  rib  below  it. 


anticus  and  phrenic  nerve,  and  upon  the  scalenus  medius.  The  pleura  and 
dome-like  fascia  lie  below  (fig.  423),  and  part  of  the  brachial  plexus  lies  above  it. 
In  this  stage  the  artery  has  reached  its  highest  point. 

In  the  third,  longest  and  most  exposed  stage  (fig.  63 1,  2)  the  artery  runs  down- 
wards and  outwards,  and  is  only  covered  by  skin,  platysma,  cervical  fascia,  the 
fascial  expansion  from  the  omo-hyoid  to  the  clavicle,  and  the  weaker  subjacent 
fascial  expansion  from  the  scalenus  anticus.  It  is  crossed  by  the  supraclavicular 
nerves  which  lie  over  the  cervical  fascia,  by  the  end  of  the  external  jugular,  the 
transverse  cervical,  and  suprascapular  veins ;  sometimes  the  nerve  to  the 
subclavius  muscle  also  crosses  it.  The  clavicle  and  subclavius  muscle  and  the 
suprascapular  artery  lie  over  it  in  the  ordinary  position  of  the  arm,  but  by 
depression  of  the  shoulder  they  can  be  placed  in  front  of  the  axillary  artery. 
In  this  stage  the  artery  lies  on  the  first  rib,  having  the  brachial  plexus  and 
omo-hyoid  muscle  obliquely  above  it  and  the  scalenus  medius  behind  it.  Its  vein 
lies  below  and  on  a  plane  anterior  to  it. 

In  this  stage  the  artery  is  most  easily  ligatured,  being  reached  by  dividing  the  skin  and 
fascia  along  the  upper  edge  of  the  clavicle,  between  the  sterno-mastoid  and  the  trapezius, 
when,  on  drawing  the  overlapping  veins  aside,  the  artery  appears  as  it  emerges  from  beneath 
the  scalenus  anticus.     The  scalene  tubercle  on  the  first  rib,  which  can  be  felt  at  the  bottom 


550  BRANCHES    OF    THE    SUBCLAVIAN    ARTERY. 

of  the  incision  by  the  finger,  is  an  important  guide.  The  second  stage  has  been  exposed  and 
i  ligatured  several  times  by  dividing  the  scalenus  antlcus.  The  first  stage  of  the  left  subclavian 
has  been  once  tied  unsuccessfully,  that  on  the  right  has  been  tied  at  least  sixteen  times,  but 
with  unsatisfactory  results. 

The  subclavian  artery  can  be  compressed  on  the  first  rib.  In  most  persons,  by  depressing 
and  pushing  back  the  clavicle,  the  artery  can  be  pinched  between  the  two  bones,  a  trick  well 
known  by  malingerers  as  a  means  of  weakening  or  obliterating  the  pulse.  Morphologically 
each  stage  of  the  subclavian  artery  has  a  different  nature.  The  first  stage  of  the  right  is  the 
modified  root  of  the  fourth  aortic  arch ;  the  end  of  the  first  stage  on  the  right  and  the  whole 
of  the  first  on  the  left  are,  like  the  second  stages  on  both  sides,  the  intercostal  arteries  of  the 
space  between  the  seventh  cervical  and  first  dorsal  segment.  The  third  stage  is  the  modified 
lateral  branch  of  this  intercostal  truuk. 

Dissection.  — If  the  dissector  of  the  upper  limb  has  finished  his  examination  of  the  sub- 
clavius  muscle,  to  which  the  nerve  of  supply  (p.  273)  should  be  traced,  divide  the  clavicle  in 
the  middle,  examine  the  ligaments  of  the  sterno-clavicular  joint  (p.  139) ;  having  done  which 
the  sternal  end  of  the  clavicle  may  be  removed. 

420.  THE  SUBCLAVIAN  VEIN  arises  at  the  lower  border  of  the  first  rib 
as  the  continuation  upwards  of  the  axillary  vein  (p.  268),  and  ascends  below 
and  in  front  of  its  artery,  grooving  the  bone  slightly  in  front  of  the  scalenus 
muscle  and  phrenic  nerve,  to  end  at  the  back  of  the  sterno-clavicular  joint  by 
joining  the  common  jugular  to  form  the  vena  innominata  (fig.  638).  It  receives 
the  suprascapular,  the  superficial  cervical,  and  transverse  cervical  veins,  the 
external  and  the  anterior  jugulars.  These  may  unite  into  one  or  two  trunks 
before  terminating. 

There  are  generally  two  valves  in  this  vein  at  the  border  of  the  scalenus  muscle,  outside 
the  ending  of  the  external  jugular  vein.  The  subclavian  vein  is  more  closely  united  to  its 
sheath  than  is  the  artery,  and  it  is  tied  thereby  to  the  back  of  the  clavicle,  motions  of  which 
therefore  assist  in  promoting  the  passage  of  the  blood  in  the  vein.  In  the  angle  of  junction 
of  this  vein  with  the  jugular  on  the  upper  surface,  the  thoracic  duct  enters  on  the  left  side, 
and  the  right  lymphatic  duct  on  the  right  side.  In  calibre  this  vein  is  to  the  artery,  as 
47  :  3.  The  thOPaeie  duct  (p.  349)  enters  the  left  side  of  the  neck  between  the  left 
pleura,  the  oesophagus,  and  the  left  subclavian  artery  ;  it  then  passes  outwards,  behind  and 
external  to  the  left  common  carotid,  and  behind  the  left  common  jugular  vein.  Having 
reached  the  level  of  the  seventh  cervical  vertebra  it  receives  the  left  jugular  lymphatic 
trunk  (p.  548)  and  turns  downwards  and  outwards  close  to  the  inner  edge  of  the  scalemis 
antlcus,  to  end  by  opening  into  the  re-entrant  side  of  the  angle  between  the  jugular  and  the 
subclavian  veins.  Its  last  valve  is  usually  on  the  cardiac  side  of  the  jugular  lymphatic  duct, 
7  mm.  from  its  mouth.  The  right  lymphatic  duet,  which  is  formed  by  the  union  of  the 
subclavian  and  jugular  lymphatic  trunks  as  well  as  those  from  the  right  lung,  is  about  1  cm.  long' 
and  2  mm.  in  diameter,  and  passes  downwards  and  inwards  to  open  into  the  angle  between  the 
right  subclavian  and  right  jugular  veins.     It  has  usually  a  double  valve  at  its  termination. 

421.  BRANCHES  OF  THE  SUBCLAVIAN  ARTERY.— The  subclavian 
artery  gives  off  in  its  first  stage  (1)  the  vertebral ;  (2)  internal  mammary ;  (3) 
inferior  thyroid  ;  (4)  ascending  cervical ;  (5)  transverse  cervical ;  (6)  superficial 
cervical ;  and  (7)  suprascapular  arteries.  The  last  five  usually  arise  together^ 
but  their  mode  of  origin  is  variable.  All  may  arise  by  one  common  stem,, 
which  is  then  called  the  thyroid  axis  ;  but  the  irregularities  of  origin  are  so 
frequent  that  it  is  better  to  consider  them  as  separate  vessels  which  are  liable 
to  different  degrees  of  fusion  at  their  oris-ins.  In  the  second  stasje  two  branches 
arise,  cervicalis  profunda  and  superior  intercostal,  usually  by  a  common  COStO- 

eervieal  axis. 

422.  THE  VERTEBRAL  ARTERY  (fig.  630),  which  can  be  seen  at  present 
only  partially,  aiises  from  the  posterior  and  upper  surface  of  the  subclavian.  Its 
course  may  be  divided  into  four  stages — cervical,  vertebral,  atlantic,  and  intra- 
cranial. In  the  first  it  ascends  a  little  outwards  behind  the  common  jugular 
vein,  is  crossed  by  the  inferior  thyroid  artery  (and  by  the  thoracic  duct  on  the 
left),  and  lies  in  the  interval  between  the  scalenus  antlcus  externally  and  the 
longus  colli  internally,  until  it  enters  the  transverse  foramen  of  the  sixth  cervical 
vertebra.  Behind  it  lie  the  sympathetic  cord  and  the  costal  process  of  the 
seventh  cervical  (fig.  631,  + ). 
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In  its  second  stage,  which  can  be  exposed  by  dissecting  away  the"cervical 
intercostal    muscles    (p.    314),    it   ascends  in  the   transverse    processes    of  the 


1  Hi  1. 


Fig.  631. — Brandies  of  the  arteries  of  the  head  and  neck  — I,  first  stage  of  right  subclavian 
artery  ;  2,  third  stage  ;  3,  first  stage  of  axillary  artery ;  4,  third  stage ;  5,  brachial ; 
6,  superficial  cervical  artery;  7,  posterior  scapular;  8,  acromial  axis  and  rete;  9,  pectoral 
branch  of  the  thoracico-acromial  artery;  10,  long  thoracic;  n,  dorsalis  scapulee ;  12, 
subscapular;  13,  common  carotid;  14,  bifurcation;  15,  external  carotid;  16,  internal 
carotid  ;  17,  inferior  thyroid  ;  18,  superior  thyroid  ,  19,  lingual  ;  20,  facial ;  21,  inferior 
labial;  22,  superior  coronary;  23,  occipital;  24,  posterior  auricular;  25,  temporal;  26, 
internal  maxillary ;  27,  transverse  facial.  The  scalenus  anticus  crosses  the  artery 
between  1  and  2. 

neck  vertebrae  (fig.  621)  to  the  atlas,  surrounded  by  a  plexiforni  arrangement 
of  veins  and  a  finer  network  of  sympathetic  nerves  from  the  inferior  cervical 
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ganglion,  and  it  lies  in  front  of  the  spinal  nerves.  In  the  upper  part  of  this 
Canal  it  is  loose  and  curved  outwards,  so  that  it  may  not  be  injuriously  affected 
by  rotation  of  the  atlas  on  the  axis  (fig.  361,  3). 

There  is  some  interference,  however,  in  extreme  rotation ;  the  vessel  on  the  side  from 
which  the  face  is  turned  being  somewhat  compressed,  while  the  other  is  freed  from  pressure. 

The  third  stage  begins  where  the  artery  rises  through  the  transverse  process 
of  the  atlas,  and  turns  backwards  around  the  oceipital  condyle  to  pass  through 
the  hole  in  the  posterior  occipito-atlantic  ligament  (fig.  210,  5)  and  to  enter  the 
subdural  space.  In  this  stage  it  lies  at  the  bottom  of  the  vertebral  triangle 
(p.  259),  which  has  been  seen  in  the  dissection  of  the  back  of  the  neck  beneath 
the  complexus,  between  the  two  oblique  muscles  and  the  rectus  capitis  posticus 
major,  and  it  rests  on  the  posterior  arch  of  the  atlas  crossing  the  suboccipital 
nerve.  Behind  the  articular  process  of  the  atlas  it  pierces  the  posterior  occipito- 
atlantoid  ligament  and  the  dura  mater,  entering  thus  upon  its  fourth  stage,  in 
which  it  ascends  on  the  basilar  process  to  join  its  fellow  and  form  the  basilar 
artery  (fig.  361,  4).  Intracranially,  as  it  ascends  through  the  foramen  magnum, 
it  lies  between  the  hypoglossal  nerve  in  front  and  the  anterior  root  of  the  first 
cervical  nerve  behind,  under  the  first  tooth  of  the  ligamentum  denticulatum 
(p.  260). 

Branches  of  the  vertebral  artery. — In  its  first  stage  the  vertebral 

gives  off  only  one  small  and  variable  ascending  branch  into  the  transverse 
foramen  of  the  seventh  vertebra.  In  its  second,  it  sends  off,  in  each  inter- 
vertebral space,  a  lateral  spinal  into  the  spinal  canal,  and  muscular  branches 
outwards  and  backwards  to  anastomose  with  the  cervicalis  profunda  (homologous 
with  the  posterior  branches  of  the  intercostal  vessels,  p.  347).  In  the  third 
stage  it  gives  off  two  posterior  meningeal  branches,  which  pass  through 
the  foramen  magnum,  and  a  communicating'  branch  to  the  occipital. 

The  branches  of  the  fourth  stage,  anterior  and  posterior  spinal  and  posterior  cerebellar, 
will  be  subsequently  seen  (§  538).  The  vertebral  artery  has  been  tied  in  several  cases  ;  the 
operation  being  practically  the  same  as  that  for  the  ligature  of  the  first  stage  of  the  sub- 
clavian. The  plexus  of  veins  which  surrounds  the  artery  in  the  vertebral  canal  (in  accord- 
ance with  the  law  of  Rlidinger,  that  arteries  in  bony  canals  are  surrounded  with  venous 
plexuses,  for  obvious  mechanical  reasons)  unites  at  the  sixth  cervical  transverse  process 
into  two  channels,  one  of  which  escapes  with  the  artery,  the  other  passes  through  the  seventh 
costo-toansverse  foramen.  These  unite  and  pass  forwards  and  downwards  to  join  the  vena 
innominata  on  each  side  close  to  its  origin.  By  these  channels  the  blood  of  the  cervical 
region  of  the  cord  is  returned,  but  not  that  of  the  branches  of  the  fourth  stage  of  the 
vertebral  artery,  which  is  poured  into  the  system  of  meningeal  sinuses.  The  first  part  of 
the  vertebral  artery  is  a  precostal  anastomosis  (fig.  150),  the  union  of  the  first  and  second 
stages  is  the  root  of  the  sixth  dorsal  artery,  the  trunk  artery  in  the  second  stage  is  a 
retrocostal  anastomosis ;  its  third  stage  is  its  neural  branch  and  its  fourth  is  the  anterior 
spinal  vertical  anastomosis. 

423.  THE  INFERIOR  THYROID  ARTERY  (fig.  631,  17)  arises  at  the  inner 
border  of  the  scalenus  anticus,  usually  from  the  thyroid  axis,  and  ascends 
tortuously  inwards  in  front  of  the  vertebral  artery  and  of  the  recurrent 
laryngeal  nerve  and  the  longus  colli  muscle  to  the  side  of  the  thyroid  body. 
It  is  crossed. by  the  cord  of  the  sympathetic,  or  by  its  middle  cervical  ganglion, 
and  lies  behind  the  sheath  of  the  carotid  vessels.  Its  branches  are  pharyn- 
geal, cesophag'eal,  and  tracheal,  which  supply  the  parts  indicated  by  their 
names ;  thymic,  which  descends  into  the  anterior  mediastinum  and  supplies 
the  thymus,  and  some  lymphatic  glands  as  well ;  inferior  laryngeal,  which 
accompanies  the  recurrent  laryngeal  nerve ;  and  terminal,  which  subdivide  in 
the  thyroid  body. 

This  artery  is  sometimes  tied  in  case  of  bronchocele,  the  operation  being  similar  to  that 
for  the  ligature  for  the  common  carotid.  The  inferior  thyroid  veins  which  do  not  correspond 
to  the  arteries  will  be  described  later  in  connection  with  the  thyroid  body  (§  506). 
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424.  ASCENDING  CERVICAL,  (fig.  631,  6')  a  small  vessel  which  arises  in 
common  either  with  the  infex-ior  thyroid  or  with  the  transverse  cervical  artery 
aud  passes  vertically  upwards,  internal  to  the  phrenic  nerve,  between  the 
scalenus  anticus  and  the  rectus  capitis  anticus  major,  outside  and  behind  the 
common  jugular  vein.  It  gives  off  muscular  and  intervertebral  branches,  and 
terminates  by  several  anastomotic  branches  which  communicate  above  with 
branches  of  the  occipital  and  ascending  pharyngeal  arteries.  Its  two  vena; 
comites  join  the  superior  transverse  cervical  vein  (§  425). 

425.  TRANSVERSE  CERVICAL  or  posterior  scapular  (fig.  632)  usually 
arises  from  the  thyroid  axis,  or  in  common  with  the  next,  or  more  rarely  from 
the  costo-cervical  trunk,  and  passes  outwards  over  the  scalene  muscles  and  the 
brachial  plexus,  and  beneath  the  omo-hyoid,  the  trapezius,  and  the  levator  anguli 
scapulce  to  the  upper  angle  of  the  scapula.  Here  it  turns  downwards  between 
the  rhomboidei,  which  overlie  it,  and  the  serratus  magnus  and  serratus  posticus 
superior,  which  are  below  it,  and  having  given  off  muscidar  branches  to  all  the 
muscles  which  it  touches,  it  terminates  below  in  the  latissimus  dorsi.  Besides 
these  smaller  branches  to  the  surrounding  parts,  it  gives  off  two  larger  vessels, 
a  supraspinous  to  the  parts  filling  the  supraspinous  fossa,  and  a  cervical,  which 
ascends  on  the  splenius  to  supply  the  muscles  of  the  back  of  the  neck  over  the 
complexus. 

The  transverse  cervical  veins  empty  their  blood  into  the  external  jugular  close  to  the 
subclavian  vein  in  general.     They  possess  a  few  small  often  imperfect  valves. 

426.  SUPERFICIAL  CERVICAL  (fig.  631,6)  is  very  often  a  branch  of  the 
last  or  else  may  arise  separately  from  the  third  stage  of  the  subclavian;  it  is 
an  artery  of  variable  size,  which  coasts  along  the  outer  margin  of  the  trapezius, 
supplying  glandular  and  muscular  branches  to  the  neighbouring  lymphatic 
glands  and  muscles,  and  ending  in  a  communicating  branch  which  anastomoses 
with  the  descending  branch  of  the  occipital.  The  two  venae  comites  join  the 
foregoing  veins. 

427.  SUPRASCAPULAR  (figs.  630,  632)  arises  either  from  the  thyroid  axis 
or  independently  from  the  subclavian.  It  passes  outwards  behind  the  clavicle, 
lying    on  the  scalenus 


anticus,  separated 
from  the  subclavian 
artery,  which  it  crosses, 
by  the  fascia  attaching 
the  omo-hyoid  to  the 
clavicle,  and,  having 
reached  the  upper  mar- 
gin of  the  scapula,  it 
crosses  over  the  supra- 
scapular ligament  and 
pierces  the  supra- 
spinous fascia  to  dip 
into  the  outer  part  of 
the  supraspinous  fossa 
beneath  the  muscle 
which  fills  it.  The 
artery  passes  beneath 
the  spino-glenoid  liga- 
ment in  the  great  sca- 
pular notch,  and  terminates  in  the  infraspinous  fossa.  Its  branches  are 
muscidar,  to  the  scalenus  anticus  and  subclavius  muscles;  nutrient,  to  the  clavicle; 
acromial,  to  the  rete  acromiale  (fig.  63 t,  8);  subscapular,  which  dips  into  the 
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subscapular  fossa  before  the  artery  crosses  the  ligament  of  the  notch  (fig.  373; 
p.  270);  supraspinoxis,  to  the  muscle  of  that  name;  articular,  to  the  shoulder- 
joint  ;  suprascapular  nutrient,  to  the  scapula  above  the  spine  ;  and  infraspinous, 
which  anastomoses  in  the  infraspinatus  muscle  with  the  dorsalis  scapula1. 
This  artery  is  accompanied  by  two  veins  whereof  the  superior  is  the  larger  ; 
they  usually  unite  into  one  trunk  in  the  inferior  cervical  triangle  and 
end  by  joining  the  subclavian,  either  with  or  beside  the  external  jugular. 
These  veius  have  several  well-mai'ked  valves. 

428.  THE  INTERNAL  MAMMARY  ARTERY  arises  from  the  lower  border 
of  the  subclavian  at  the  inner  edge  of  the  scalenus  anticus  (fig.  630),  and  descends 
inwards  behind  the  clavicle  and  first  rib,  entering  the  thorax  where  it  has  been 
already  followed.  It  passes  (figs.  421,  9;  423)  external  to  the  margin  of  the  ster- 
num and  is  covered  by  the  costal  cartilages  and  internal  intercostal  muscles,  lying 
on  the  triangularis  sterni,  which  separates  it  from  the  subjacent  pleura,  and  finally 
dividing  in  the  sixth  intercostal  space  into  its  terminal  branches.  In  the  neck 
it  is  covered  by  the  common  jugular  and  the  subclavian  veins  and  is  crossed  by 
the  phrenic  nerve,  which'  passes  from  without  inwards  over  the  artery  to 
descend  behind  and  on  its  inner  side.  The  internal  mammary  veins  are  two, 
one  on  each  side  of  the  artery,  but  generally  of  unequal  size  and  with  many 
valves.  They  unite  into  one  channel  behind  the  first  intercostal  muscle,  and  end 
on  the  inner  side  of  their  artery  by  opening  into  the  vena  innominata.  That  of 
the  right  side  often  opens  into  the  superior  vena  cava. 

The  branches  of  the  internal  mammary  are  all  intrathoracic,  the  first  or 
COmes  nervi  phreniei,  aidses  where  the  phrenic  nerve  crosses  the  artery, 
and  is  carried  downwards  with  the  nerve  to  the  pleura  and  pericardium. 
AnteriOP  mediastinal  branches  pass  inwards  to  the  lymphatics  of  that  space 
and  form  a  close  parietal  plexus  in  it,  thymic  branches  supply  the  remains  of 
the  thymus  gland,  pericardiac  pass  to  the  anterior  surface  of  that  membi'ane, 
and  sternal  branches  nourish  the  breast  bone.  Close  to  the  first  rib  it  gives 
off  a  lateral  infracostal  branch  (fig.  421,  12),  which  is  very  variable  in  size, 
and  which,  when  lai-ge,  descends  on  the  inside  of  the  ribs,  external  to  their 
cartilages,  and  anastomoses  with  the  upper  intercostal  arteries. 

The  existence  of  this  vessel  must  be  remembered  in  cases  of  paracentesis.  I  have  seen  it 
of  enormous  size  in  a  case  of  obliteration  of  the  dorsal  aorta  from  the  pressure  of  an  intra- 
thoracic tumour. 

Opposite  each  of  the  upper  five  intercostal  spaces  three  branches  arise  from 
the  internal  mammary — (1)  perforating",  which  escapes  close  to  the  sternum 
through  the  internal  intercostal  muscle  to  supply  the  parts  over  the  pectoral 
muscle.     Those  of  the  second,   third,  and  fourth  spaces  supply  the  mammary 

gland;  (2  and  3)  superior  and  inferior  anterior  intercostal  branches, 

one  passing  along  the  upper,  the  other  along  the  lower  border  of  the  rib 
which  bounds  each  space ;  these  pass  outwards  in  the  internal  intercostal 
muscle  to  join  the  aortic  intercostals. 

The  two  terminal  branches  are  internal  and  external,  the  former  or  superior 
epigastric  goes  through  the  costo-xiphoid  space  in  the  diaphragm  (p.  465), 
and  descends  close  to  the  middle  line  behind  the  rectus,  to  anastomose  with 
the  deep  epigastric.  From  this,  micscular,  peritoneal,  metasternal,  and  (from  the 
right)  hepatic  branches  arise.  The  external  terminal  or  musculo-phrenie 
branch  is  the  functional  continued  trunk  of  the  internal  mammary,  and  runs 
in  the  costal  attachment  of  the  diaphragm,  giving  off  a  very  irregular  series  of 
anterior  intercostal  branches  in  the  lower  intercostal  spaces,  ending  by  anasto- 
mosing with  the  ascending  branches  of  the  circumflex  iliac  artery. 

The  internal  mammary  artery  has  been  tied,  but  it  is  an  operation  rarely  required,  and, 
in  method,  is  practically  identical  with  ligature  of  the  first  stage  of  the  subclavian  artery. 
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superior  portion  of 
arteria  aberransfrom 
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Fig.  633. — Scheme  of  common  arrangement  of  the 
arteria  aberrans. 


429.  THE  COSTO-CERVICAL  trunk  (fig.  630)  is  usually  small  and  very 
deep,  arising  behind  or  external  to  the  scalenus  anticus.  It  divides  at  once 
into  two  branches. 

CePViealis  profunda,  morphologically  the  posterior  intercostal  artery 
for  the  seventh  cervical  space,  which  dips  backwards  between  the  seventh 
and  eighth  cervical  nerves, 
and  then  passes  between  the 
costal  process  of  the  seventh 
cervical  vertebra  and  the  neck 
of  the  first  rib.  It  then 
ascends  posteriorly  on  the 
semi-spinalis  colli  beneath  the 
complexus,  in  the  groove  be- 
tween the  cervical  spines  and 
the  transverse  processes  as  far 
as  the  axis.  Its  branches  are 
muscular  to  the  adjacent  mus- 
cl  es,  vertebral  to  the  spinal  canal 
through  the  intertransverse 
spaces,  and  descending,  which 
anastomose  with  the  transverse 
cervical  and  princeps  cervicis. 

The  vena?  comites  unite  close  to 
the  seventh  cervical  transverse  pro- 
cess into  one  trunk  which  usually  joins  the  vertebral  vein  close  to  its  termination. 

Superior  intercostal  arises  with  the  last,  on  the  right  behind  the 
scalenus  anticus,  on  the  left  often  on  the  inner  side  of  that  muscle.  It 
crosses  the  neck  of  the  first  rib  and  enters  the  thorax  external  to  the  first 
dorsal  nerve.  It  sends  outwards  the  intercostal  branch  in  the  first  (left)  inter- 
costal space,  or  in  the  first  and  second  (right).  These  correspond  in  relation 
to  the  aortic  inter- 
costal s  of  the  spaces 
below  them  (p.  347) 
and  send  off  retro- 
costal  anastomotic 
branches. 

The  superior  inter- 
costal veins  have  been 
already  described  along 
with  the  vena  azygos 
(P-  349)- 

430.  ARTERIA 
ABERRANS.  — The 
right  subclavian,  or  its 
costo-cervical  branch, 
usually  sends  off,  in- 
ternal to  the  superior 
intercostal,  a  fine  de- 
scending branch,  which 
enters  the  thorax  and 
passes  backwards  and 
inwards  behind  the 
oesophagus    (fig.    63 


root  portion  which 

becomes  part  of  first 

stage  of  normal 
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obliterated  part  whose 
trace  remains  as 
arteria  aberrans. 


Fig.  634. — Scheme  of  fourth  right  aortic  arch  before  its  atrophy. 


In  most  cases  it  cannot  be  traced  farther  than  the  front  of  the  third  dorsal  vertebra,  but  in 
about  25  per  cent,  it  may  be  followed,  in  a  well-injected  body,  across  the  spine  to  join  the 
thoracic  aorta  below  the  ductus  arteriosus.  This  is  the  remains  of  the  right  fourth  aortic 
arch  (p.  85),  and  hi  those  cases  wherein  the  root  of  the  right  subclavian  has  become 
obliterated  this  channel  remains  dilated  and  constitutes  the  source  of  blood  supply  to  the 


556 


THE    CAROTID    TRIANGLE. 


right  upper  limb  (fig.  635).  In  such  cases  the  right  subclavian  appears  to  arise  leftmost 
from  the  aortic  arch  and  to  pass  behind  the  oesophagus.  Correlated  with  this  is  generally  a 
direct,  not  recurrent,  course  of  the  right  inferior  laryngeal  nerve  and  a  dextral  termination 
of  the  thoracic  duct. 

431.  THE  CAROTID  TRIANGLE. — The  great  anterior  triangle  of  the  neck, 
on  each  side,  is  subdivided  by  the  omo-hyoid  and  digastric  muscles  into  three 
spaces — 

(1)  The  anterior  inferior  triangle,  which  has  the  median  line  inter- 
nally, the  sterno-mastoid  line  externally,  and  the  omo-hyoid  above.  It  contains 
the  common  carotid  artery,  the  common  jugular  vein,  the  vertebral  and  inferior 
thyroid   arteries,  and  the  inferior  thyroid  veins ;    the   vagus,   recurrent,  and 


normal  root  here 
obliterated. 


vas  aberrans  here 

persistent  and 

expanded. 


Fig.  635. — Scheme  of  common  anomaly  of  origin  of  right  subclavian  artery  by  the 
obliteration  of  its  normal  root  and  persistence  of  the  arteria  aberrans. 

sympathetic  nerves,  the  thoracic  duct  on  the  left,  the  right  lymphatic  duct  on 
the  right,  the  infrahyoid  muscles  and  ansa  infrahyoidea,  the  external  laryngeal 
nerve,  and  the  median  cervical  viscera,  trachea,  oesophagus,  and  thyroid  body. 

(2)  The  anterior  superior  triangle,  which  is  bounded  by  the  sterno- 
mastoid  line  externally,  by  the  omo-hyoid  internally,  and  by  the  posterior  belly 
of  the  digastric  above.  It  contains  the  bifurcation  of  the  common  carotid  and 
the  earliest  branches  of  the  external  carotid  arteries,  the  internal  and  com- 
mencement of  the  common  jugular  veins,  the  facial  and  temporo-maxillary  veins; 
the  vagus  spinal,  accessory,  sympathetic,  hypoglossal,  and  descending  cervical 
nerves,  and  parts  of  the  larynx,  pharynx,  hyoid  bone,  and  lymphatic  glands. 

(3)  The  digastric  space  is  bounded  below  by  that  muscle,  and  above  by 
the  planes  of  the  zygoma  and  mandible.  It  contains  the  salivary  glands  and 
the  parts  related  to  them. 

432.  THE  DIGASTRIC  MUSCLE  (tig.  624)  is  shown  when  the  strong 
fascia,  which  unites  the  anterior  edge  of  the  sterno-mastoid  to  the  mandible, 
is  divided,  and  when  the  root  of  the  communicating  branch  from  the  temporo- 
maxillary  vein  to  the  external  jugular  is  reflected.  The  margin  of  the  parotid 
gland,  which  usually  overlaps  it  a  little,  should  also  be  rendered  definite,  and 
the  cervical  bi'anches  of  the  facial  nerve  cleaned  and  preserved  (fig.  614). 

The  digastric  arises  from  the  mastoid  edge  of  the  digastric  groove  in  the 
temporal  bone  (fig.  320)  by  short  tendinous  fibres.     These  become  fleshy  and 
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form  a  flattened  fusiform  posterior  belly,  which  descends  forwards  to  end  in 
a  tendon  above  the  great  cornu  of  the  hyoid  bone,  to  which  it  is  tied  by  a 
strong  fibrous  expansion.  Opposite  the  lesser  cornu  of  the  hyoid  this  gives 
origin  to  the  fleshy  fibres  of  the  anterior  belly,  which  ascend  to  be  inserted 
into  the  digastric  impression  on  the  mandible  (fig.  663). 

The  posterior  belly  is  at  first  covered  by  the  sterno-mastoid  and  splenius 
muscles,  then  by  cervical  fascia,  platysma,  the  communicating  jugular  vein,  the 
superior  cervical  glands  (tig.  622),  and  inframaxillary  branches  of  the  facial  nerve. 
It  lies  upon  the  external  and  internal  carotid  and  facial  arteries,  the  internal 
jugular  vein,  the  vagus  and  hypoglossal  nerves.  Its  tendon  pierces  the  fleshy 
belly  of  the  stylo-hyoid  muscle.  The  parotid  gland  is  above  it,  and  it  receives 
its  nerve  from  the  facial  (§  456)  at  its  upper  and  inner  margin,  about  3  cm.  from 
its  origin  (fig.  655).  The  occipital  artery  and  hypoglossal  nerves  are  overlapped 
by  its  lower  edge.  The  anterior  belly  is  superficial,  lies  on  the  mylo-hyoid  muscle, 
internal  and  anterior  to  the  submaxillary  gland ;  its  nerve,  from  the  mylo-hyoid 
branch  of  the  fifth,  enters  its  hinder  and  inner  side. 

The  fibres  of  the  anterior  belly  are  supplemented  by  a  large  contingent  of  fascicles  arising 
from  the  body  of  the  hyoid  bone,  internal  to  the  central  tendon  of  the  muscle.  The  inner 
margin  of  the  anterior  belly  is  never  well  defined,  as  it  is  united  to  its  fellow  by  an  expansion, 
originally  of  fleshy  fibres,  but  which  is  often  degenerated  into  a  mere  connective  web.  The 
attachment  of  the  tendon  to  the  hyoid  bone  is  due  to  an  expansion  derived  from  the  tendon 
itself.  The  hinder  belly  is  the  longer,  as  7  :  5.  In  the  undisturbed  neck,  the  posterior  belly 
forms  an  angle  of  450  with  the  horizon,  the  anterior  belly  one  of  150.  In  action  the  included 
angle  of  1200  between  the  bellies  increases  to  130°. 

The  action  of  the  digastric  depends  on  the  relative  degree  of  fixity  of  its  three  points  of 
attachment,— with  a  fixed  skull  and  jaw  it  raises  the  hyoid,  as  in  deglutition  ;  with  a  fixed 
hyoid  and  skull  it  depresses  the  jaw  ;  witli  a  fixed  hyoid  and  mandible,  as  when  the  chin  is 
placed  on  the  table,  it  can  draw   tin-  skull  backwards.     The  two  bellies  always  act  together. 

The  two  digastric  muscles  of  the  neck,  omo-hyoid  and  digastric,  afford  some  interesting 
points  of  comparison;  in  both,  the  digastric  condition  depends  on  metamerism,  but  in  the 
former,  the  two  parts  derived  from  contiguous  metameres  are  comparable  portions  of  the 
ventral  musculature,  the  hinder  belly  being  displaced  outwards  on  account  of  its  attachment 
to  the  shoulder  girdle.  In  the  latter,  the  two  united  portions  are  heteronomous — the 
anterior  belly  being  a  part  of  the  central  or  longitudinal  part  of  the  ventral  musculature, 
the  posterior  being  a  modified  portion  of  one  of  the  branchial  bar  muscles.  Anomalies  of  the 
omo-liyoid  are,  consequently,  for  the  most  part  in  the  direction  of  a  return  to  continuity ; 
anomalies  of  the  digastric  are  in  the  direction  of  greater  subdivision  and  independence.  The 
innervation  of  the  bellies  hi  each  case  is  significant. 

433.  STYLO-HYOID  (fig.  675),  a  slender  band,  arises  from  the  hinder 
and  outer  surface  of  the  styloid  process  by  a  flat,  short  tendon,  descends 
above  and  internal  to  the  posterior  belly  of  the  digastric,  is  pierced  by  the 
tendon  of  that  muscle,  and  is  inserted  by  an  indefinite  expansion  into  the 
body  of  the  hyoid  bone  at  the  root  of  the  lesser  cornu. 

It  is  a  slip  segmented  from  the  posterior  belly  of  the  digastric.  Its  nerve,  from  the 
facial,  arises  with  the  nerve  to  the  digastric,  but  passes  forwards  to  enter  the  hinder  surface 
of  the  muscle. 

Dissection. — By  dividing  and  reflecting  the  07no-h;/oid  muscle  from  its  central  tendon,  the 
sheath  of  the  great  cervical  vessels  is  exposed  and  should  now  be  opened. 

434.  THE  COMMON  CAROTID  ARTERY  (fig.  631,  13)  ascends  on  each  side 
to  the  level  of  the  third  cervical  vertebra,  where  it  bifurcates.  The  common 
jugular  vein  lies  along  its  outer  side,  slightly  overlapping  it  above,  in  a 
separate  compartment  of  the  sheath  (fig.  621,  j.);  and  the  vagus  nerve  descends 
in  a  canal  in  the  hinder  part  of  the  septum  between  these  vessels,  but  lies  nearer 
to  the  vein  than  to  the  artery.  The  two  carotid  arteries  are  only  2  cm.  apart  on 
the  level  of  the  top  of  the  sternum,  but  are  6  cm.  asunder  at  their  bifurcation,  the 
plane  of  which  is  also  behind  that  of  their  origin,  especially  in  the  male  adult 
neck. 

The  cervical  relations  of  the  two  carotids  are  similar,  but  they  differ  in 
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origin,  as  the  right  arises  from  the  innominate  trunk  (§  435),  and  has  con- 
sequently no  thoracic  stage,  while  the  left  arises  from  the  arch  of  the  aorta 
directly  within  the  thorax  (p.  347). 

The  thoracic  portion  of  the  left  carotid  (tig.  636,  8)  is  about  4  cm. 

long,  and  lies  behind  the  presternum 
and  sterno-clavicular  joint  and  the 
origins  of  the  sterno-hyoid  and  thyroid 
muscles.  It  is  crossed  by  the  com- 
mencement of  the  left  vena  inno- 
minata  and  by  the  remains  of  the 
thymus  gland.  The  arteria  inno- 
minata  and  inferior  thyroid  veins  lie 
to  its  right,  the  left  pleura  and  lung, 
the  jugular  vein  and  vagus,  lie  to  its 
left  side,  while  the  left  subclavian  is 
behind  and  to  the  left.  It  lies  on  the 
trachea,  cesophagus,  and  thoracic  duct. 

In  the  neck  the  right  carotid  is  the 
larger  in  calibre,  a  little  more  superficial, 
and  not  so  much  overlapped  by  its  vein 
below ;  the  left  usually  bifurcates  at  a  little 
lower  level. 


435.  THE  ARTERIA  INNO- 
MINATA  (fig.  636,  7)  on  the  right  side 
corresponds  generally  in  its  relations 
to  the  thoracic  stage  of  the  left  car- 
otid ;  it  arises  opposite  the  fourth 
dorsal  vertebra  from  the  beginning  of 
the  aortic  arch  and  behind  the  pre- 
mesosternal  articulation ;  it  is  about 
4  cm.  long,  and  ends  opposite  the 
right  sterno-clavicular  articulation  by 
dividing  into  the  right  carotid  and 
right  subclavian  arteries.  It  lies  on 
the  trachea,  behind  the  sternum,  right 
sterno-clavicular  joint,  sterno-hyoid 
and  thyroid  muscles,  and  the  remains 
of  the  thymus.  It  is  crossed  by  the 
left  vena  innominata,  which  is  tied  to 
it  by  a  lax  fascial  sheath  (Cooper's 
fascia)  ;  to  its  right  side  descends 
the  right  vena  innominata  and  the 
vagus,  to  its  left  the  inferior  thyroid 
veins  and  the  left  carotid. 

The  relation  of  the  triangle  between  the 
two  innominate  veins  and  the  artery  (Mott's 
space)  is  of  surgical  importance,  as  the 
artery  has  been  in  seventeen  cases  tied. 
The  arteria  iDnominata  is  part  of  the 
modified  fourth  right  aortic  arch. 


Fig.  636.  — Course  and  branches  of  the  aorta — 
7,  arteria  innominata ;  8,  left  carotid  ;  9,  left 
subclavian,  with  the  vertebral  arising  from 
it  immediately  above  the  figure. 
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in  the  anterior  inferior  triangle  is 
covered  by  skin,  platysma,  fascia,  by  the  sterno-mastoid,  sterno-hyoid  and  sterno- 
thyroid muscles,  and  by  its  sheath ;  is  crossed  by  the  anterior  jugular  vein,  by 
branches   of    the   ansa   cervicalis,   and   is   overlapped   by   the   thyroid   body. 
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Internally  it  is  related  below  to  the  trachea,  oesophagus,  and  thyroid  body, 
and  above  to  the  larynx  and  pharynx  ;  externally  to  its  accompanying  jugular 
vein  and  vagus  nerve,  and  it  lies  upon  the  back  wall  of  its  sheath,  the  inferior 
thyroid  artery  (which  separates  it  from  the  vertebral  artery),  and  also  on  the 
vertebral  column,  longus  colli  muscle,  sympathetic  and  recurrent  laryngeal 
nerves. 

In  the  anterior  superior  triangle,  having  passed  behind  the  omo-hyoid,  it  is 
only  covered  by  skin,  platysma,  fascia,  and  overlapped  by  the  edge  of  the  sterno- 
mastoid,  and  is  crossed  by  the  descendens  cervicis  nerve,  the  sterno-mastoid 
branch  of  the  superior  thyroid  artery,  and  the  superior  thyroid  vein.  In  this 
stage  it  is  easily  found  for  deligation,  and  can  be  felt  pulsating.  Its  lateral 
relations  are  the  same  as  in  the  lower  stage,  and  it  lies  on  its  sheath,  which 
separates  it  from  the  spine,  longus  colli,  and  sympathetic  nerve. 

The  common  carotid  gives  off  no  lateral  branches,  with  the  exception  of  minute  vasa 
vasorum,  and  so  does  not  alter  in  sectional  area,  although  it  alters  in  sectional  shape,  being 
elliptical  with  sagittal  long  axis  below,  elliptical  with  coronal  long  axis  above,  and  circular 
in  the  middle.  Two  lymphatic  glands  overlie  the  bifurcation  of  the  artery,  receiving  their 
lymph  from  the  submaxillary  and  alveolar  lymphatics.  According  to  Chassaignac,  the  artery 
may  be  compressed  against  the  prominent  costal  process  (carotid  tubercle)  of  the  sixth  cer- 
vical vertebra. 

Opposite  the  thyroid  cartilage,  or  about  2  cm.  below  the  angle  of  the  jaw, 
the  common  carotid  divides  into  its  two  branches,  the  external  and  internal 
carotids. 

The  external  carotid  is  the  modified  third  aortic  arch,  and  supplies  the  oral  and  post-oral 
visceral  arches  and  the  side  wall  of  the  head,  including  the  skull  and  dura  mater.  In  the 
adult  its  diameter  is  to  that  of  the  internal  as  6  :  7  at  its  origin,  but  in  the  infant  at  birth 
it  was  as  5  :  8. 

437.  THE  EXTERNAL  CAROTID  arises  on  the  internal  side  of  the  internal 
carotid  (fig. 631, 15)  about  2  cm.  below  the  angle  of  the  jaw,  in  the  anterior  superior 
triangle,  but  passes  beneath  the  digastric 
muscleinto  the  digastric  space,  and  ends 
above  by  turning  inwards  behind  the 
middle  of  the  ramus  of  the  mandible,from 
which  point  its  continuation  is  named 

the  internal  maxillary  artery.  It  is 

about  5  cm.  long,  sinuously  curved, 
and  diminishes  as  it  ascends.  It  is 
covered  by  skin,  platysma,  cervical 
fascia,  and  superior  cervical  lymphatic 
glands,  is  overlapped  at  its  origin  by 
the  edge  of  the  sterno-mastoid,  is  crossed 
by  the  inframaxillary  branches  of  the 
facial  nerve,  the  temporo-maxillary, 
lingual,  and  facial  veins ;  and  it  sinks 
under  the  digastric  and  stylo-hyoid 
muscles  and  the  hypoglossal  nerve  to 
enter  the  parotid  gland  on  a  level 
deeper  than  the  facial  nerve  and 
temporo-maxillary  vein.  It  lies  upon 
the  superior  laryngeal  nerve,  which 
separates  it  from  the  prevertebral 
muscles,  and  on  the  stylo-glossus  and 
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Fig.  637. — Diagram  of  the  branches  of  the 
external  carotid  artery.  Deep  branches 
marked  as  dotted  lines. 
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stylo-pharyngeus  muscles,   the  styloid  process,   or  when   that  is   short,  on 
stylo-hyoid  ligament,  on  the  glosso-pharyngeal  nerve,  and  a  portion  of  the  parotid 
gland.     All  these  parts,  except  the  first,  separate  it  from  the  internal  carotid. 
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External  to  it  is  the  internal  carotid,  internally  it  is  related  to  the  great  cornu 
of  the  hyoid  bone,  the  side  of  the  pharynx,  submaxillary  gland,  tonsil,  and  a 
portion  of  the  parotid. 

The  branches  of  the  external  carotid  are  usually  eleven,  but  some  of  these 
may  arise  by  common  stems  in  different  modes  of  grouping.  They  may  be 
classed  as  follows  : — 

1.  To  the  visceral  tube  below  the  hyoid  arch  =  superior  thyroid. 

2.  To  the  lower  border  of  the  oral  |  internally  =  lingual. 

cleft    and    mandibular    arch  J  externally  =  facial. 

3 .  To    the   upper   border   of  the   oral  1  internally  =  ascending  pharyngeal. 

cleft  and  palatopharyngeal  region  J  externally  =  ascending  palatine. 

4.  To     the      parts     derived  1  externally  =  transverse  facial. 

from  the  maxillary  lobe  J  internally  =  internal  maxillary. 

5.  Posterior   branches,    sterno-mastoid,   occipital,    posterior   auricular,    and 

temporal. 

438.  SUPERIOR  THYROID  ARTERY  (fig.  631,  18),  the  vessel  most  com- 
monly divided  in  suicidal  wounds,  passes  forwards  and  downwards  as  a  sinuous 
arch,  which  lies  at  first  superficially  under  the  integuments  and  fascia,  on  the 
superior  laryngeal  nerve  and  thyroid  cartilage,  then  passing  beneath  the  omo- 
and  sternohyoid  and  sterno-thyroid  muscles,  it  descends  to  end  in  the  thyroid 
body.  It  gives  off  (1)  an  infpahyoidean  branch,  which  communicates  with  its 
fellow,  forming  an  arch  beneath  the  thyro-hyoid  muscle,  along  the  lower  edge  of 
the  hyoid  bone,  and  supplies  the  bursa  infrahyoidea ;  (2)  StePnO-mastoid 
branch  which  descends  across  the  sheath  of  the  common  carotid  artery  to  end 
in  that  muscle ;  (3)  SUpePiOP  laryngeal,  which  accompanies  the  superior 
laryngeal  nerve  beneath  the  thyro-hyoid  muscle,  through  the  thyro-hyoid  mem- 
brane, within  which  it  divides  into  ascending  and  descending  branches,  distri- 
buted to  the  neighbourhood  of  the  epiglottis  and  vocal  chord  respectively  ;  (4) 
inferiOP  laryngeal,  which  crosses  the  crico-thyroid  membrane  close  to  the 
lower  edge  of  the  thyroid  cartilage  to  join  its  fellow.  It  is  only  important  as 
being  endangered  in  laryngotomy.  The  terminal  branches  are  usually  three,  an 
internal,  anteFiOP,  and  external,  distributed  to  the  thyroid  body  in  which 
they  anastomose  with  the  inferior  thyroid  artery,  forming  therewith,  and  with 
their  fellows,  a  series  of  three  or  four  irregular  arches  in  the  substance  of  the 
thyroid  body.  From  the  internal  terminal  arise  posterior  laryngeal  and  anterior 
tracheal  branches. 

Two  corresponding  veins  return  blood  from  the  thyroid  body,  a  superior  thyroid  vein 
which  accompanies  the  artery,  lying  below  it,  empties  its  blood  into  the  common  jugular 
vein,  the  second  or  middle  thyroid  vein  runs  outwards  directly  from  the  thyroid  body  across 
the  common  carotid  to  the  common  jugular  vein ;  most  of  the  blood  of  this  body,  however, 
escapes  by  the  inferior  thyroid  veins  (§  506). 

439.  LINGUAL  ARTERY  (fig.  660,  6),  the  inner  mandibular  vessel,  arises 
with  the  next  above  the  level  of  the  hyoid  bone.  It  lies  deeply  and  so  cannot  be 
properly  followed  until  the  sublingual  space  is  dissected  (p.  585).  For  con- 
venience of  description  it  may  be  divided  into  three  stages — the  Jirst,  as  far  as 
the  outer  edge  of  the  hyoglossus  muscle ;  the  second,  under  cover  of  that 
muscle ;  and  the  third,  in  the  substance  of  the  tongue.  In  the  first  stage  it 
ascends  and  turns  inwards  above  the  greater  hyoidean  cornu,  and  lies  on  the 
middle  constrictor  of  the  pharynx  and  superior  laryngeal  nerve,  and  is  covered 
by  the  integuments  and  the  descending  facial  and  lingual  veins  and  lymphatics. 
In  the  second  stage  it  passes  inwards  beneath  the  hyoglossus  muscle  and  hypo- 
glossal nerve  into  the  substance  of  the  tongue.  Here  it  courses  tortuously 
forward  between  the  genio-glossiis  muscle  internally  and  the  lingualis  externally  > 
above  the  mucous  membrane  on  each  side  of  the  frsenum  lingua?,  ending  in 
the  eorium  of  the  tip  (ib.,  9). 
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It  gives  off  (1)  the  SUprahyoidean  artery  to  the  tissues  in  front  of 
the  epiglottis ;  this  joins  its  fellow  and  the  infrahyoidean  branches  of  the 
superior  thyroid;  (2)  the  dOPSal  lingual  branch,  which  supplies  the  mucosa  of 
the  dorsum  of  the  tongue  on  each  side  of  the  calyciform  papilla?  and  the  ad- 
joining portion  of  the  faucial  pillars  and  tonsil;  (3)  the  sublingual,  which  passes 
under  cover  of  the  mylo-hyoid  muscle  to  the  sublingual  salivary  gland  and  to  the 
mucous  fringes  beneath  the  tongue,  anastomosing  with  the  submental  artery. 

The  terminal  portion  of  the  lingual  artery,  which  is  accompanied  by  the 
lingual  nerve,  is  sometimes  called  ranine. 

Anastomoses  between  the  vessels  of  opposite  sides  in  the  tongue  take  place  only  in  the 
coriuin  and  by  means  of  very  small  vessels.  The  lingual  artery  ma}'  be  found  for  ligature 
above  the  greater  cornu  of  the  hyoid  bone.  There  is  seldom  a  single  lingual  vein,  but  each 
of  the  three  branches  of  the  artery  is  accompanied  by  a  network  of  veins,  whereof  the 
sublingual  joins  the  superficial  and  the  two  others  join  the  deep  facial  vein.  The  ranine 
vein  often  lies  close  to  the  hypoglossal  nerve,  over  the  hyoglossus.  The  dorsalis  linguae  vein 
is  large,  and  accompanies  its  artery. 

440.  FACIAL  ARTERY  OR  EXTERNAL  MANDIBULAR  ARTERY 

(fig.  631,  20)  arises  with  or  above  the  last,  to  which  it  lies  superficial.  It  may, 
for  convenience,  be  divided  into  two  stages — a  cervical  and  a  facial.  In  the 
former  it  ascends  under  the  integuments,  digastric  and  stylo-hyoid  muscles,  some 
veins,  and  the  hypoglossal  nerve,  to  the  lower  border  of  the  mandible,  which  it 
crosses  in  front  of  the  masseter  muscle.  Here  it  can  be  felt  pulsating  during  life. 
In  this  cervical  stage  in  the  adult  it  is  often  much  curved  as  it  passes  first 
upwards  behind  the  jaw  for  a  short  distance,  embedded  in  the  submaxillary  gland, 
and  then  turns  downwards  to  reach  the  edge  of  the  bone.  In  this  stage  it  lies  on 
part  of  the  submaxillary  gland,  which  separates  it  from  the  styloglossus  muscle. 

On  the  face  it  ascends  forwards  towards  the  angle  of  the  mouth,  ending  by 
sending  a  terminal  branch  into  the  ala  of  the  nose.  Here  it  lies  under  the 
depressor  anguli  oris  and  the  insertion  of  the  superficial  radial  muscles  of  the 
upper  lip  and  on  the  mandible,  the  buccinator  and  the  deep  radial  muscle  of  the 
upper  lip,  on  which  it  usually  anastomoses  with  a  descending  branch  of  the 
transverse  facial. 

The  foetal  facial  artery  is  fairly  straight,  and  it  does  not  descend  in  an  arch 
behind  the  mandible  ;  in  old  age  the  artery  becomes  very  tortuous. 

In  its  cervical  stage,  the  facial  artery  gives  off  (1)  a  tonsillar  branch, 
which  ascends  between  the  styloglossus  and  internal  pterygoid  muscles  to  the 
tonsil;  (2)  several  small  glandular  branches  to  the  submaxillary  salivary  and 
submaxillary  lymphatic  glands ;  one  of  these  partly  accompanies  Wharton's  duct; 
(3)  muscular  branches  to  the  internal  pterygoid  muscle ;  (4)  submental, 
which  passes  inwards  between  the  anterior  belly  of  the  digastric  and  the 
mandible  to  supply  the  superficial  parts  beneath  the  chin,  anastomosing  by 
three  branches  with  the  mental  and  sublingual  arteries,  and  supplying  the 
submaxillary  gland  and  the  digastric. 

Having  crossed  the  edge  of  the  mandible,  the  facial  artery  gives  off  two 
ascending  buccal  branches  which  pass  upwards  over  the  buccinator  to  join 
the  buccal  and  transverse  facial  arteries.  It  sends  forward  into  the  lower  lip  an 
inferior  labial  artery,  which  ascends  beneath  the  triangularis  oris,  usually 
dividing  into  two  branches,  the  lower  of  which  (superficial  mental)  ends  by  joining 
the  submental  and  mental  vessels  in  the  thickness  of  the  lip,  while  the  upper 
(inferior  coronary)  coasts  tortuously  along  the  margin  of  the  lower  lip,  nearer  to 
its  mucous  than  to  its  skin  side,  and  joins  its  fellow  medially.  The  superior 
Coronary  artery,  larger  than  the  rest,  arises  near  the  labial  commissure,  and 
passes  towards  the  middle  line  along  the  lower  margin  of  the  upper  lip,  between 
the  muscular  and  mucous  layers.  At  the  philtrum  it  bifurcates,  one  branch 
uniting  with  its  fellow,  the  other  ascending  to  the  columna  nasi  (arteria  septi). 
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The  terminal  branch  of  the  facial  artery  or  lateral  nasal  ascends  over 
the  nasal  cartilages,  beneath  the  nasal  muscles,  to  end  in  the  soft  parts  of  the 
nose.  An  ascending  angular  branch  is  often  continued  upwards  from  it  to 
join  the  nasal  branch  of  the  ophthalmic,  and  the  transverse  facial,  this  some- 
times appears  as  though  it  were  the  termination  of  the  facial  artery. 

In  labial  operations  the  deep  position  of  the  coronary  arteries  should  be  borne  in  mind, 
and  hence  the  pins  of  the  twisted  sutures  should  be  deeply  sunk  in  the  texture  of  the  lip. 
The  facial  vein  begins  in  an  angular  plexus  communicating  with  the  ophthalmic  and  middle 
frontal  veins ;  it  descends  external  to  the  facial  artery,  running  a  straight  course  to  the 
mandible,  which  it  crosses,  having  received  the  dorsal  nasal,  the  lateral  nasal,  the  inferior 
palpebral,  the  buccal  vein  (which  communicates  with  the  pterygoid  plexus),  the  labial, 
submental,  submaxillary,  and  sublingual  veins.  These  veins  have  no  valves  ;  beneath  the 
mandible  the  facial  vein  receives  the  ascending  palatine  and  ascending  pharyngeal  vein,  and 
ends  by  joining  the  temporo- maxillary  vein. 

441.  ASCENDING  PALATINE  ARTERY  (fig.  631).— This  small  vessel  often 
arises  by  a  common  trunk  with  the  facial  artery,  and  passes  upwards  between 
the  internal  and  external  carotids,  and  between  the  stylo-glossus  and  the  stylo- 
pharyngeus  muscles,  to  end  in  the  pharyngeal  wall  close  to  the  outer  surface  of 
the  pterygoid  plates.  It  supplies  tonsillar  and  palatine  branches  to  the  parts 
in  the  vicinity  of  the  Eustachian  tube. 

442.  THE  ASCENDING  PHARYNGEAL  ARTERY  (fig  631)  can  only  be 
seen  at  present  as  it  arises  from  the  deep  surface  of  the  commencement  of  the 
external  carotid,  between  that  artery  and  the  vertebral  column.  Its  subsequent 
course  can  be  best  traced  in  the  dissection  to  exhibit  the  internal  carotid  artery 
(§  484).  It  ascends  beneath  the  stylo-pharyngeus  muscle  upon  the  vertebral 
column,  having  the  pharynx  to  its  inner  side  and  the  internal  carotid  artery 
and  sympathetic  nerve  to  its  outer.  Its  branches  are — pharyngeal,  usually 
two,  an  upper  and  lower,  to  the  middle  and  superior  constrictor  muscles  and 
the  parts  related  thereto,  and  to  the  inner  side  of  the  Eustachian  tube ;  pre- 
vertebral, to  the  fascia?  and  muscles  in  front  of  the  spine  ;  meningeal,  which 
ascends  through  the  posterior  lacerate  foramen  in  front  of  the  jugular  vein  to 
the  dura  mater  of  the  posterior  fossa. 

There  is  usually  a  second  small  meningeal  branch  which  traverses  the  cartilage  of  the 
anterior  lacerate  foramen.  A  third  branch,  the  tympanic,  accompanies  the  tympanic 
branch  of  the  glosso-pharyngeal  nerve  into  its  canal,  and  there  traverses  the  curious  pseudo- 
ganglion  of  that  nerve  (tig.  680).  From  this,  in  many  animals,  the  Stapedial  artery  which 
has  pierced  and  so  determined  the  shape  of  the  stapes,  is  derived,  but  this  vessel  is  never 
present  in  man.     The  ascending  palatine  and  pharyngeal  veins  end  in  the  pterygoid  plexus. 

443.  THE  STERNO-MASTOID  ARTERY  is  small  and  somewhat  irregular, 
but  usually  arises  close  to  the  level  of  the  digastric  muscle,  along  which  it  runs 
to  its  termination  in  the  sterno-mastoid.  The  hypoglossal  nerve  winds  round 
it  as  it  is  parting  company  with  the  descendens  cervicis. 

In  size  it  is  the  reciprocal  of  the  sterno-mastoid  branch  of  the  superior  thyroid  artery. 
It  may  come  off  by  a  common  stem  with  the  occipital  artery. 

444.  THE  OCCIPITAL  ARTERY  (figs.  620,  631)  arises  below,  runs 
backwards  along,  and  is  overlapped  by,  the  lower  edge  of  the  posterior  belly 
of  the  digastric.  In  the  first  portion  of  its  course  it  lies  on  the  internal  carotid 
artery,  the  vagus,  and  the  internal  jugular  vein,  and  is  covered  by  the  integu- 
ments, crossed  by  the  hypoglossal  nerve  (which  hooks  round  it),  and  overlapped 
by  the  temporo-maxillary  vein  and  the  digastric.  It  then  sinks  beneath  the  sterno- 
mastoid,  the  origin  of  the  digastric,  the  trachelo-mastoid  and  splenitis,  and  lies  on 
the  rectus  capitis  lateralis  and  the  grooved  surface  of  the  temporal  bone,  having  the 
mastoid  process  above  it,  and  the  transverse  process  of  the  atlas  below.  Having 
touched  the  border  of  the  obliquus  capitis  superior,  it  crosses  that  muscle,  as 
well  as  the  complexus,  and  having  entered  the  triangular  interspace  formed  by 
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the  divergence  of  the  splenii,  it  pierces  the  fascia  which  connects  the  occipital 
attachment  of  the  sterno-mastoid  and  that  of  the  trapezius,  and  enters  the  scalp. 
Here  it  ascends  tortuously  along  the  line  of  the  lambdoidal  suture  through 
the  occipitalis  muscle  along  with  the  great  occipital  nerve,  and  ends  in  the 
scalp,  anastomosing  with  its  fellow,  and  with  the  two  succeeding  vessels. 

In  this  long  course  it  gives  off  muscular  branches  to  the  digastric,  stylo- 
hyoid, splenius,  stemo-  and  trachelo-mastoid  muscles ;  auricular,  to  the  back  of 
pinna;  jug"lllar,  which  enters  the  jugular  foramen  behind  the  vein  and  ends 
in  the  dura  mater ;  descending",  the  so-called  princeps  cervicis,  which  passes 
beneath  the  splenius,  on  the  complexus  to  anastomose  by  its  posterior  descend- 
ing branch  with  the  cervicalis  profunda  by  its  anterior  with  the  superficial 
cervical ;  mastoid,  which  traverses  the  mastoid  foramen  to  the  dura  mater 
and  mastoid  cells ;  communicating",  which  joins  the  vertebral  between  the 
rectus  capitis  lateralis  and  the  obliquus  superior.  Its  terminal  branches  are 
usually  two,  internal  and  external ;  from  the  former  the  parietal  branch, 
which  enters  the  parietal  foramen,  is  derived.  The  veins  accompanying  the 
terminal  and  mastoid  branches  end  in  the  external  jugular,  those  of  the 
muscular  and  descending  branches  accompany  the  artery  and  join  the  temporo- 
maxillary. 

445.  THE  POSTERIOR  AURICULAR  ARTERY  (figs.  623,  631)  arises 
above  the  level  of  the  posterior  belly  of  the  digastric  and  opposite  the  tip 
of  the  styloid  process ;  it  ascends,  behind  the  parotid  gland,  to  the  interval 
between  the  external  auditory  meatus  and  the  mastoid  process.  Close  to  its 
origin  it  gives  off  muscular  branches  to  the  digastric,  parotidean  branches, 
and  the  stylo-mastoid  artery.  This  last  enters  the  aqueduct  of  Fallopius 
through  the  stylo-mastoid  foramen,  within  which  it  gives  off'  an  arteria  meningea, 
a  vestibular  and  a  tympanic  branch,  anastomosing  in  the  hiatus  Fallopii  with  a 
branch  of  the  middle  meningeal  artery  ;  and  branches  to  the  external  auditory 
meatus.  The  terminal  branches  of  the  posterior  auricular  artery  are  two. 
The  anteriOF  supplies  the  front  of  the  pinna,  the  posterior  supplies  the 
back  of  the  ear  and  the  skin  over  the  mastoid  process.  The  veins  are  two, 
and  end  in  the  temporo-maxillary. 

446.  THE  TEMPORAL  ARTERY  (fig.  620)  arises  from  the  external 
carotid,  as  it  is  about  to  turn  behind  the  ramus  of  the  jaw,  and  ascends  in  the 
parotid  gland  beneath  the  upper  temporo-facial  nerves.  Leaving  the  gland 
at  the  root  of  the  zygoma,  in  front  of  the  ear,  it  ascends  over  the  temporal 
aponeurosis  and  under  the  attrahens  aurem.  About  3  cm.  above  the  zygoma  it 
divides  into  anterior  and  posterior  branches ;  the  former  passes  forwards  in  a 
sinuous  manner  to  the  temple  and  forehead.  This  vessel  can  be  felt  and  even 
seen  pulsating,  being  only  covered  by  skin  and  a  weak  connective  sheath 
derived  from  the  cervical  fascia,  and  it  becomes  tortuous  in  old  persons.  The 
posterior  branch  arches  backwards  and  divides  into  branches  which  anastomose 
with  the  anterior  and  with  the  occipital.  The  temporal  artery  is  closely  beset 
with  sympathetic  filaments,  which  unite  on  it  to  form  a  large  superficial 
temporal  ganglion.  It  is  crossed  and  accompanied  by  the  temporo-facial  nerve 
and  lies  over  and  behind  the  temporo-auricular  nerve. 

In  the  neck  the  temporal  gives  off  four  sets  of  branches — the  parotidean, 
masseteric,  articular  to  the  joint  of  the  lower  jaw,  and  auricular  to  the  tragus. 
Having  passed  over  the  zygoma  it  sends  off  a  small  but  inconstant  middle 
deep  temporal,  which  arises  1  cm.  below  the  bifurcation,  pierces  the  temporal 
aponeurosis  immediately  above  the  zygoma,  and  supplies  the  underlying  muscle 
(fig.  620,  Mdt).  It  also  gives  off  the  zygomatico-orbital  which  supplies  the  parts 
above  the  external  can  thus,  and  the  anterior  auricular,  which  supplies  the 
attollens  aurem  and  its  vicinity. 
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447.  THE  TRANSVERSE  FACIAL  ARTERY  usually  arises  by  a  common 
trunk  with  the  temporal,  but  passes  transversely  forwards  through  the  parotid 
gland,  emerging  at  its  anterior  or  facial  border  beneath  the  socio,  parotidis, 
above  Stenson's  duct  and  below  the  infraorbital  branches  of  the  facial  nerve. 
It  sends  off  masseteric,  jmrotidean,  and  angular  branches,  the  last  of  which 
anastomoses  with  ascending  branches  of  the  facial,  and  with  branches  of  the 
infraorbital  artery,  emerging  through  the  infraorbital  foramen. 

448.  THE  INTERNAL  MAXILLARY  which  is  the  continued  trunk  of  the 
external  carotid,  cannot  be  seen  until  a  later  stage  of  the  dissection  (§  462). 

449.  VENOUS  TRUNKS.— Most  of  the  secondary  branches  of  these  trunks  have  only  a 

single  accompanying  vein  (fig.  628). 

The  veins  accompanying  the  primary  branches  of  the  external  carotid  are  a  little  variable 

in  their  mode  of  uniting.     The  facial  vein  receives  a  large  deep  facial  communicating  branch 

from  the  pterygoid  plexus,  in 
front  of  the  masseter;  below 
the  body  of  the  jaw  it  receives 
the  posterior  facial  (from  the 
pterygoid  plexus),  lingual,  sub- 
maxillary, and  submental  veins, 
and  emerges  from  beneath  the 
submaxillary  gland  to  join  the 
temporo-maxillary  vein. 

There  are  two  vena?  comites 
for  each  branch  of  the  tem- 
poral artery,  but  these  coalesce 
into  one  large  superficial  tem- 
poral vein  behind  and  over- 
lapping the  artery.  This  re- 
ceives a  large  zygomato -orbital 
and  a  deep  temporal  vein  from 
the  temporal  muscle,  crosses 
the  root  of  the  zygoma,  and 
dips  into  the  parotid  gland 
superficial  to  the  artery,  there 
to  receive  the  transverse  facial 
vein  and  to  join  the  internal 
maxillary  vein  (§  463),  forming 
the  temporo-maxillary.  The 
combined  trunk  emerges  at  the 
lower  edge  of  the  gland,  sends 
downwards   and   backwards  a 

large  communicating  branch  to  the  external  jugular,  which  crosses  the  slerno-mastoid  muscle 

obliquely.     The  temporo-maxillary  vein   terminates  by   joining  the   common   facial  vein. 

The  common  temporo-facial  stem  thus  formed  unites  at  once  with  the  internal  jugular,  to 

form  the  common  jugular  vein. 

The  internal  jugular  vein  begins  at  the  bulbus  jugularis  in  the  jugular 
fossa,  and  descends  at  first  behind  the  internal  carotid  artery,  from  which  it  is 
separated  by  the  glosso-pharyngeal,  vagus,  and  hypoglossal  nerves,  and  by  the 
hinder  part  of  the  carotid  plexus  of  the  sympathetic.  It  then  passes  to  the 
outer  side  of  the  artery,  in  which  position  it  descends  to  the  level  of  the 
bifurcation  of  the  common  carotid  artery.  At  the  bulbus  it  receives  the  blood 
of  the  inferior  petrosal  sinus  (fig.  618,  6),  and  near  the  angle  of  the  jaw  it 
receives  the  two  veins  emerging  from  the  pharyngeal  venous  plexus,  draining 
the  blood  from  the  hinder  wall  of  the  pharynx.  Opposite  the  bifurcation  of  the 
carotid  the  internal  jugular  joins  with  the  temporo-facial  vein,  and  forms  the 
Common  jugular  which  descends  along  the  outer  side  of  the  common  carotid 
artery  to  its  termination  in  the  vena  innominata  (fig.  638).  It  has  a  double 
valve  about  3  cm.  above  its  lower  end.  In  point  of  size  the  right  jugular 
usually  exceeds  the  left,  and  the  combined  sectional  areas  of  the  two  jugular 
veins  are  to  those  of  the  carotids  as  20  :  11. 


'Afflict  eflCui/ie/: 

Fig.  638. 
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450.  THE  OPENING  OF  THE  MOUTH  is  bounded  by  soft  mobile  lips, 
whose  appearance  (p.  523)  and  musculature  (p.  536)  have  been  already  described. 
In  the  closed  mouth  the  level  of  the  Fima  is  opposite  the  middle  of  the  upper 
teeth  and  the  angles  of  the  mouth  are  opposite  the  first  bicuspids.  The  length 
and  thickness  of  the  free  lip  varies  with  age,  race,  and  sex ;  in  the  infant  the 
margin  is  divided  into  two  zones,  an  outer  or  smooth  zone  and  an  inner, 
softer,  or  villous  zone. 
The  median  tubercle  of 
the  upper  lip,  the  rem- 
nant of  the  free  end  of 
the  fronto-nasal  process, 
is  more  pronounced  in 
the  infant  than  in  the 
adult. 

The  mucosa  of  the  red 
margin  and  inside  of  the 
lip  is  clothed  with  a  thick, 
stratified  epithelium  trans- 
lucent from  the  absence  of 
eleidin,  whose  surface  cells 
are  flat,  and  the  deep  cells 
often  much  ribbed.  This 
embeds  the  numerous  vas- 
cular and  sensory  papilla? 
so  that  they  do  not  project 
on  the  surface  ;  sebaceous 
glands  without  developed 
hair-bulbs  extend  for  a 
short  distance  on  the  red 
margin.  Tbe  sensibility  of 
the  lips  is  such  that  the 
blades  of  the  aesthesiometer 
can  be  separated  for  4  mm. 
on  the  red  edge,  9  mm.  on 
the  skin  below  the  red  edge, 
and  for  17*5  nun,  on  the  inner  side  of  the 
as  they  become  remote  from  the  edge. 

The  lip  consists  of  muscle,  connective  tissue,  and  glands  between  the  layer 
of  skin  without  and  the  mucosa  within  (fig.  639).  The  labial  glands  are 
racemose  mucous  glands,  which  are  arranged  in  an  irregular  zone,  becoming 
fewer  towards  the  angles,  but  more  numerous  towards  the  centre  and  in  the 
upper  lip  than  in  the  lower ;  they  are  embedded  in  a  dense  submucous  tissue  in 
which  many  muscular  fibres  end  (fig.  640).  Their  ducts  are  narrow,  sometimes 
twisted.  In  the  lips  are  to  be  found  the  coronary  arteries,  a  thin-walled, 
wide-meshed  plexus  of  veins,  a  wide  subcutaneous  network  of  lymphatics,  and 
numerous  filaments  of  the  infraorbital  nerve  in  the  upper,  and  of  the  mental 
nerve  in  the  lower  lip  (ib.,  13,  14). 


Fig.  639. — Sagittal  section  of  lower  lip  —  1,  coronary  artery  ; 
2,  glands  ;  3,  orbicular  fibres  of  buccinator  ;  4,  fibres  of 
musculus  labii  proprius  ;  5,  papilla?  of  mucosa  ;  6,  papilla1 
of  skin  ;  7,  sweat  gland  ;  8,  hair  follicle. 

lip.     The  papilla?  become  smaller  internally 
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Fig.  640. — Dissection,  exposing  the  labial  glands 
from  within  by  removal  of  the  mucous  mem- 
brane— I,  cleft  of  the  mouth ;  2,  upper  lip ;  3, 
lower  lip;  4,  cut  edge  of  mucosa;  5,  labial  glands; 
6,  facial  artery ;  7,  inferior  coronary ;  8,  superior 
coronary;  9,  orbicular  fibres;  10,  buccinator;  n, 
depressor  anguli  oris;  12,  levator  anguli  oris;  13, 
branch  of  mental  nerve ;  14,  branch  of  infra- 
orbital nerve. 


451.  VESTIBULUM  ORIS  (fig.  641).— The  cavity  whereinto  the  rima  leads 
is  bounded  peripherally  by  the  lips  and  cheeks,  centrally  and  internally  by  the 
teeth  and  jaw  arches,  above  and  below  by  the  sinus  labiorum  or  angle  of  reflection 
of  the  mucosa,  from  lips  to  gums,  and  posteriorly  by  the  pterygomandibular 
mucous  fold,  which  clothes  the  front  of  the  coronoid  process  and  the  fibrous 
structures  extending  therefrom  to  the  pterygoid  plates.    This  is  a  slit-like  space 

when  the  mouth  is  closed,  and 
into  it  open  the  ducts  of  the  labial, 
buccal,  and  molar  glands,  and 
Stenson's  duct  from  the  parotid. 

452.  THE  CHEEK  consists 
of  skin  which  differs  from  that  of 
the  lips  in  having  no  muscular 
fibres  inserted  into  it ;  a  subcu- 
taneous muscular  lamella  formed 
by  the  zygomatics  and  risorius 
(tig.  620);  a  definite  fatty  layer  of 
large  soft  encapsulated  granules;  a 
deep  muscular  layer,  the  buccinator 
with  a  fibrous  sheath  on  its  super- 
ficial aspect,  and  a  firm  submucous 
connective  layer  attached  to  the 
muscle  within.  The  mucosa  is 
thinner  and  less  sensitive  than 
that  of  the  lips,  and  studded  with 
scattered  glands  similiar  to,  but 
smaller  than  the  labial,  and 
usually  grouped  in  irregular  clusters  whose  ducts  may  unite.  Opposite  the 
second  superior  molar  tooth  the  mucosa  is  pierced  by  the  small  oblique  oval 
opening  of  Stenson's  duct  from  the  parotid  gland,  sometimes  raised  on  a  very 
obscure  papilla,  around  which  are  grouped  about  five  molar  glands,  which 
are  the  largest  of  the  submucous  glands  in  the  vestibule. 

In  the  middle  line  of  the  upper  and  lower  sinus  labiorum  there  are  pi'oject- 

ing  folds  of  mucosa,  the  frsena  labiorum. 

The  epithelium  of  the  mucosa  of  the  cheek  is  stratified  scpiamous,  sufficiently  coherent  to 
rise  in  blebs  when  fluid  exudation  takes  place  beneath  it.  The  underlying  tunica  propria  is 
rich  in  elastic  fibres,  making  a  close  network,  and  it  shades  into  the  submucous  tissue 
wherein  the  glands  are  embedded.  The  buccal  fat  in  the  child  forms  a  lobulated,  capsuled, 
and  tallowy  sucking-pad,  which  can  be  removed  as  a  whole ;  it  is  quite  independent  of 
the  subcutaneous  fat,  and  is  supposed  to  assist  in  sucking.  When  this  persists  as  a  large 
soft  mass  it  gives  a  roundness  to  the  cheeks  as  in  young  persons,  especially  in  females ;  its 
atrophy  causes  the  falling  in  of  the  cheeks  as  in  wasting  diseases. 

453.  THE  GUMS  (gingivae)  are  dense  masses  of  reticulated  connective 
tissue,  clothing  both  surfaces  of  the  alveolar  arches,  to  the  periosteum  of  which 
they  are  inseparably  adherent,  and  sending  processes  between  the  teeth.  These 
interdental  bridges  are  of  varying  breadth,  those  between  the  premolars  being 
usually  the  widest.  Around  each  tooth  the  gum-margin  is  papillose,  and  its 
secretion  (tartar)  consists  of  a  semifluid  material,  rich  in  mucous  corpuscles,  and 
containing  entangled  in  it  epithelial  scales,  salivary  salts,  fragments  of  food, 
and  developing,  when  undisturbed  by  the  brush,  a  copious  vegetation  of 
Leptothrix  buccalis. 

Along  this  margin  a  red  line  of  vascularity  is  often  conspicuous  in  phthisis  (Thompson's 
line),  and  the  blue  line  of  lead  sulphide  in  cases  of  lead  poisoning  (Burton's  line).  Tartar, 
when  copious  and  blackened  by  exuded  and  altered  blood  pigment,  becomes  sordes  in  typhus^ 
The  gum  contains  few  nerves,  numerous  plexiform  vessels  with  peculiarly  dilated  capillaries,, 
and  no  muscularis  mucosa?. 
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The  lips  serve  as  organs  of  suction,  of  prehension,  and  of  speech.  The  cheeks  retain  the 
food  between  the  teeth  chiefly  by  their  elasticity,  but  to  some  extent  by  the  action  of  the 
buccinator  muscle,  hence  in  facial  paralysis  the  food  tends  to  accumulate  between  the  teeth 
and  the  cheek.  They  modify  the  outgoing  vibrations  of  air  in  speech.  The  fibres  of  the 
mvsculus  labii  proprius  are  more  distinct  and  distinctly  innervated  in  the  lower  lip 
(fig.  639,  4),  and  are  concerned  in  the  production  of  the  sounds  of  F  and  V  (English)  by  the 
approximation  of  the  inner  edge  of  this  lip  to  the  upper  incisors,  and  in  the  production  of 
the  English  W  by  the  sudden  depression  of  the  lower  lip  from  the  passive  upper ;  the 
converse  position  of  the  lip  being  necessary  for  the  production  of  the  nasal  sound  M.  In 
the  production  of  the  other  labial  letters,  B  and  P,  the  muscles  which  divaricate  both  lips 


sterno-mastoid. 


occipital  arterv. 


parotid, 
internal  carotid. 


lower  lip. 

Fig.  641. — Horizontal  section  of  head  on  the  level  of  the  upper  edge  of  the  lower  lip,  4 — 
Ep\  epiglottis  ;  L.P.,  levator  palati ;  m.  it.,  motor  uvuke  ;  ream,  rectus  capitis  anticus 
major;  Ph,  naso-pharynx.  —  The  section  is  that  of  an  old  subject  in  whom  all  but  a  few 
of  the  front  teeth  had  fallen  out,  hence  the  distinction  between  the  vestibulum  and 
cavum  oris  is  small. 

take  part.  The  large  vessels  of  the  cheek  are  superficial  to  the  buccinator,  but  beneath  the 
muscle  there  are  two  planes  of  fine  vascular  plexuses,  one  in  the  submucous  tissue  about 
the  glands,  the  other  in  the  tunica  propria.  Fibrinous  exudations  from  these  vessels  beneath 
the  epithelium  constitute  one  form  of  aphtha?.  The  density  of  the  gum-tissue  is  the  cause 
of  the  pain  in  gumboil. 

To  see  the  vestibulum  oris,  divide  the  lips  at  their  outer  third  vertically,  and  cut  the 
cheek  horizontally  along  the  sinus  labiorum  above  and  below,  and  reflect  it  from  the  mouth 
backwards. 

454.   THE    TEETH   are   calcified   papillse,   which   have   originated   in   the 
mucous  membrane,  and  around  whose  bases  the  sockets  and  gums  have  grown  up. 
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Tn  the  adult,  when  the  dentition  is  perfect  (a  rare  condition  in  civilised  man),  they 
are  bilaterally  symmetrical,  thirty-two  in  number — eight  above  and  eight  below 

on  each  side.  The  four  central  teeth  in  each  jaw 
are  called  incisors ;  the  tooth  which  lies  external 
to  these  on  each  side  is  the  canine;  the  two 
succeeding  teeth  are  premolars  or  bicuspids ;  the 
three  hindmost  are  molars. 

Each  tooth  (tig.  642)  consists  of  a  CP0WI1,  or 
free  surface,  a  body,  a  neck  embraced  by  the 
gum,  and  a  fang"  sunk  into  a  socket  in  the  alveolar 
arch,  exemplifying  the  mode  of  jointing  called 
gomphosis  (p.  42).  Each  alveolus  is  lined  by  a 
very  vascular  periosteum,  sometimes  divisible  in- 
to two  layers,  periosteal  and  periodontal,  and  con- 
tinuous with  the  gum. 

The  upper  teeth  are  arranged  in  a  semi-ellipse; 
the  lower  form  a  parabolic  curve.  For  purposes 
of  description,  the  surface  towards  the  cheek  is 
called  the  outer,  that  towards  the  tongue  the  inner; 
the  side  towards  the  median  line  is  spoken  of  as 
proximal,  the  opposite  as  distal.  The  teeth  are 
usually  obliquely  set,  the  upper  inclining  down- 
wards and  outwards,  the  lower  upwards  and 
inwards,  consequently  the  outer  periphery  of  the 
crowns  in  the  lower  jaw  forms  a  smaller  curve 
than  that  of  their  roots,  while  the  relation  is 
reversed  in  the  upper.  The  crown  surfaces  of 
both  arches  of  teeth  are  sinuous  and  corresponding, 
not  flat.  With  the  exception  of  the  lower  median 
incisors,  each  tooth  touches  two  in  the  opposite 
jaw  when  the  mouth  is  shut,  a  chief  and  an  accessory  antagonist.  Each  lower 
tooth  touches  its  upper  namesake  and  the  one  on  its  proximal  side,  each  upper 
its  namesake  and  the  tooth  on  its  distal 
side;  thus,  the  lower  canines  bite  in 
front  of  the  upper.  The  third  molars  of 
the  two  jaws  are,  however,  approxi- 
mately opposite  each  other.  Each  nor- 
mal adult  tooth  is  in  contact  with  its 
neighbour  of  the  same  jaw,  hence  there 


Fig.  642. — Vertical  sagittal  sec- 
tion of  an  incisor  tooth,  x  4. 


Fig.  643.  —Transverse  section  of  dentine.  The 
light  rings  are  the  cut  dentine  tubules  con- 
taining the  processes  of  the  odontoblasts, 
represented  as  the  clear  contained  spots 
(fibres  of  Tomes). 


Fig.  644. — Interglobular  spaces  in  the  den- 
tine, x  200. 


are  usually  friction  facets,  proximally  and  distally,  except  on  the  back  of  the 
last    molar.       The    wear    of   the    surfaces   is    unequal ;    the    hinder   tubercles 
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of  the    upper   and    the    front   tubercles    of    the    lower    show    most    signs   of 
attrition. 

Each  tooth  consists  of  a  hard  calcified  outer  substance  and  a  soft  inner  pulp. 
The  pulp  cavity  wherein  the  latter  is  contained  is  in  shape  like  a  miniature  of 
that  of  the  tooth,  and  is  entered  by  a  minute  pulp  canal  which  perforates  the 
fang. 

The  pulp  is  a  gelatinous  mass  of  branched  stellate  and  fusiform  cells,  united 
by  short  processes.  Between  these  odontoblasts  are  vessels  and  nerves.  The 
mass  of  the  hard  outer  substance  consists  of  dentine,  or  ivory  (fig.  643),  a 
connective  tissue  harder  than  bone  and  consisting  of  a  homogeneous  ground- 
substance,  permeated  by  closely  set  dentine  tubules,  which  contain  fine  outgoing 
processes  of  the  odontoblasts.  These  tubules  start 
from  the  pulp  cavity,  are  about  25  /*  in  width  and  95 
fL  apart.  Each  is  lined  by  a  firm  dentinal  sheath  of 
keratin.  The  dentinal  tubes  present  primary  and 
secondary  wavinesses,  send  off  fine  branches  towards 
the  surface,  which  are  often  grouped  in  bundles,  and 
communicate  externally  in  the  outer  part  of  the  den- 
tine with  irregular  interglobular  spaces  (fig.  644)  con- 
taining globules  and  granules  of  dentine.  The  specific 
gravity  of  dentine  is  2-08,  and  it  contains  about  28 
parts  of  animal  matter  to  72  of  earthy.  Wavy  in- 
cremental lines,  consisting  of  minute  dentine  granules,  irregularly  packed 
in  a  homogeneous  basis,  traverse  the  dentine,  showing  stages  of  growth. 

The  crown  of  each  tooth  is  covered  with  a  cap  of  enamel  (tig-  645)  which 
is  the  hardest  substance  in  the  body,  resembling  Arragonite  in  texture  (5  in 
the  scale  of  hardness  and  2-98  in  sp.  gr.).     It  consists  of  long,  semi-transparent, 

hexagonal  prisms,  3  to  4  ft  in 
diameter,  closely  pressed  together 
and  radially  disposed,  with  one 
end   on    the   dentine,    the  other 


C 

Fig.  645. — Transverse  sec- 
tion of  enamel  prisms, 
x  500—  C,  a  single  ena- 
mel column. 


Fig.  646. 
enamel 
spaces ; 
x  500. 


— Vertical  section  of  enamel,  x  250 — a, 
prisms ;  b,  boundary  line,  with  irregular 
dentine  tubes  ;  B,  four  enamel  prisms, 


Fig.  647. — Transverse  section  of  tooth- 
fang,  x  1 50 — a,  cement ;  b,  dentine 
tubes  ;  c,  boundary  zone. 


directed  towards  the  surface  (fig.  646,  a).  The  columns  are  often  a  little 
irregular,  wavy,  united  by  a  minimum  of  cement  substance,  and  superficially 
invested  by  a  thin  but  very  resisting  layer,  the  enamel  cuticle.  Each 
enamel  prism  presents  an  alternation  of  clear  and  dark  lines  (ib.,  B).  The 
columns  are  vertical  and  look  pavement-like  when  viewed  end  on.  The 
thickness  of  the  enamel  layer  is  variable ;  it  is  thickest  on  the  crown  of  each 
tooth,  thickest  of  all  on  that  of  the  upper  median  incisors  (1-5  mm.).      It  thins 
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towards  the  neck,  and  ends  along  an  abrupt  line.  In  the  teeth  of  Europeans 
the  enamel  presents  flaws  or  deficiencies,  cooking  having  minimised  the  work 
for  which  its  existence  was  primitively  necessary.  The  modulus  of  elasticity 
of  enamel  is  4,500;  that  of  dentine,  6,200. 

The  fang  of  each  tooth  is  covered  by  a  layer  of  true  bone,  called  cement, 
formed  beneath  the  periodontal  membrane,  and  containing  lacuna?  and  canaliculi 
(p.  36),  and,  in  rare  cases  in  the  fangs  of  the  canines  of  old  persons,  one  or  two 
Haversian  canals.     This  coating  thins  towards  the  :ieck  of  the  tooth. 

Each  incisor  tooth  is  convex  externally,  concave  or  flat  internally,  with  a 
flattish  chisel-shaped  crown,  and  a  single  conical  fang  slightly  furrowed  on  one 
or  both  sides.  Before  being  worn,  the  median  incisors  have  a  three-pointed 
crown,  and  usually  the  upper  overlap  the  lower,  except  in  persons  with 
undershot  jaws.  In  laughing,  the  upper  incisors  are  exposed  (hence  yO.aami) 
not  the  lower. 

The  upper  median  incisor,  length  25  mm.,  is  large,  bevelled  inwards  at  the  crown.  The 
fore  and  aft  convex  enamel  boundary  lines  meet  at  an  obtuse  angle.  The  proximal  angle  of 
the  crown  is  a  right  angle ;  the  distal  is  rounded.  The  upper  lateral  incisor,  length  22  mm., 
has  a  smaller  crown  and  a  laterally  compressed  fang.  The  two  angles  tend  to  converge  at 
half  the  length  of  the  crown,  and  the  distal  angle  is  much  rounded.  The  lower  middle 
incisor  (21  mm.)  is  the  smallest  tooth,  placed  vertically,  bevelled  outwards,  scarcely  convex 
externally,  and  the  inner  enamel  triangle  diverges  from  its  fellow  below. 

The  lower  lateral  incisor  is  smaller  than  its  upper  fellow,  with  a  broader  crown  and  a 
slightly  elongated  outer  angle. 

Each  canine  tooth  has  a  single 
strong  fang,  and  the  crown  is  pointed, 
sagittally  thicker  than  the  crown  of  the 
strongest  incisor,    is    slightly   hollowed 

J. 


A? 


1  $  &* 


».»***" 


^18-80th-Yea 


Fig.  648. — Crown  surfaces  of  the  teeth  in  the  left 
half  of  the  upper  jaw,  with  the  dates  of  eruption. 


Fig.  649. — Crown  surfaces  of  the  teeth 
in  the  lower  jaw. 


behind,   and  convex  in  front.      Its    fang,  which  is  longer  than  that    of  any 
other  tooth,  has  a  lateral  groove.     It  sometimes  enters  the  antrum. 

The  crown  of  the  upper  canine  is  a  three-sided  pyramid,  whose  proximal  face  is  larger 
than  the  distal.  There  is  often  a  little  tubercle  on  the  inner  side.  The  lower  canine  is 
smaller,  with  a  blunter  point  and  a  shorter  root ;  but  its  crown  is  a  little  longer  than  that 
of  the  upper.  The  lingual  tubercle  is  distinct,  but  small  (fig.  649,  a).  In  both  canines  the 
pulp  cavity  ends  above  in  a  single  point. 
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Each  premolar  presents  two  cusps  or  tubercles  on  the  crown,  an  outer  and 
an  inner,  and  a  single  fang  often  divided  into  two  at  its  point,  and  with  two 
pulp  canals.  The  crown  groove  between  the  tubercles  bifurcates  in  front  and 
behind,  thus  bounding  small  proximal  and  distal  tubercles. 

The  upper  premolars  have  the  two  cusps  Dearly  ecpaal ;  the  strongly  marked  distal  wall 
of  the  cheek  cusp  is  often  marked  by  a  middle  ridge  never  seen  on  the  tongue  cusp.  The 
proximal  portion  of  the  cheek  tubercle  is  longer  than  the  distal,  and  its  highest  point  is 
posterior,  while  that  of  the  tongue  cusp  is  anterior. 

These  characters  are  more  distinct  on  the  first  than  on  the  second  premolar.  The  former 
is  rounder  in  horizontal  circumference,  the  latter  is  more  flatly  compressed,  its  diameter 
from  within  outwards  being  a  little  greater  than  that  of  the  first.  The  two  tubercles  are 
subequal  on  the  hinder. 

The  first  lower  premolar  has  a  faint  crown -furrow,  consisting  of  two  pits,  one  proximal 
and  one  distal,  joined  by  a  very  slight  furrow,  which  is  concave  outwards,  nearly  obliterated 
in  the  middle.  The  distal  part  of  its  liDgual  cusp  is  the  higher  and  sharper  point,  but  the 
cheek  cusp  is  the  larger  and  more  pointed.  The  hinder,  lower  bicuspid  premolar  has  a 
similar,  but  better  mai-ked,  crescentic  crown-furrow,  which  tends  to  bifurcate  posteriorly. 

The  molar  teeth  are  the  largest  in  size,  their  crowns  present  from  three 
to  five  cusps,  and  each  tooth  has  from  two  to  four  fangs.  The  upper  molars  are 
obliquely  placed,  their  planes  of  separation  lying  along  lines  radiating  from  the 
posterior  palatine  spine  to  the  alveolar  arch.  Each  upper  molar  has  usually  a 
sharply  marked  outer  and  an  obtuse  inner  margin ;  each  lower  has  a  sharper 
inner  and  a  more  obtuse  outer.  Each  lower  molar  has  usually  two  flatfish 
fangs,  one  proximal  the  other  distal,  and  both  strongly  bent  backwards  at 
their  lowest  ends.  Each  upper  molar,  as  a  rule,  has  three  fangs,  two  smaller 
external  and  one  larger  internal. 

The  crown  of  each  upper  molar  is  rhomboidal.  That  of  the  first,  the  largest  tooth,  is 
marked  by  an  H -furrow  inscribed  on  the  rhomboid,  whose  acute  angles  are  antero-external 
and  postero-internal,  dividing  its  surface  into  four  cusps,  a  large  anterior  internal,  a  small 
posterior  internal.  The  cheek  cusps  are  smaller,  higher,  and  sharper ;  the  anterior  internal 
and  the  posterior  external  are  united  by  a  ridge;  and  a  rudimental  fifth  cusp,  which  does  not 
extend  to  the  functional  surface,  is  present  on  the  inner  side  of  the  hinder  inner  cusp. 

The  second  upper  molar  is  the  most  variable  tooth,  and  usually  presents  only  three  cusps, 
two  external  and  one  internal,  the  hinder  outer  cusp  being  the  smaller.  Its  outer  fangs 
often  coalesce. 

The  third  upper  molar  has  usually  three  cusps,  either  like  the  last,  or  witli  one  outer  and 
two  inner  tubercles  ;  its  roots  are  irregular,  often  clubbed  ;  it  is  the  smallest  molar  tooth, 
and  never  has  a  hinder  interdental  facet. 

The  lower  first  molar  has  five  cusps,  three  outer  and  two  inner,  and  its  proximal  fang  is 
thinner,  flatter,  and  wider  than  the  distal,  and  has  two  pulp  canals.  The  fifth  cusp  is 
postero-external. 

The  lower  second  molar  has  also  two  pulp  canals  in  its  proximal  fang ;  its  four  cusps 
are  separated  by  an  even  cross-like  groove,  whose  hinder  limb  is  often  bifurcated,  especially 
in  the  jaws  of  Australians  ;  and  its  hinder  surface  is  round. 

The  lower  third  molar  has  no  hinder  interdental  facet,  has  its  outer  angle  rounded,  and 
usually  has  a  fifth  postero-external  cusp. 

In  comparing  the  crowns  of  the  several  series  of  teeth  it  is  to  be  noted  that  even  in  the 
incisors  there  is  a  tendency  to  the  production  of  lingual  as  well  as  cheek  tubercles  (fig. 
649,  a) ;  this  is  better  marked  on  the  canine  and  becomes  functional  in  the  premolars, 
whose  crown  represents  the  whole  triangular  lingual  field  of  the  incisor. 

The  human  jaw  has  a  continuous  row  of  teeth,  as  the  alveolar  arch  is  short  and  the 
canine  teeth  are  of  small  size.  In  other  animals  with  a  proportionally  longer  arch  the 
overgrowth  of  the  canines  in  one  jaw  by  displacing  the  opposed  teeth  causes  a  corresponding 
gap  in  the  opposite  jaw,  which  is  called  the  diastema. 

The  sizes  of  the  teeth  vary  in  different  races,  being  small  in  Europeans,  ancient  Egyptians, 
and  other  civilised  races,  familiar  for  generations  with  arts  of  cookery  for  softening  food, 
and  diminishing  the  necessary  energy  of  mastication,  whereas  they  are  large  in  Negroes  and 
Australians.  A  numerical  parameter  may  be  obtained  by  comparing  the  collective  lengths 
of  the  crowns  of  the  molar  and  premolar  teeth,  with  the  length  of  the  basicranial  axis. 

When  the  — ; — : ~ -, —  exceeds  44  the  skull  may  be  considered  as  macrodont,  if  under 

basmasal  length 
42  microdont,  if  intermediate,  mesodont.     This  index  is  always  higher  in  females  than  in 
males. 
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Development  Of  Teeth. — In  the  second  month  of  foetal  life  a  continuous  thickening 
of  the  mouth-epithelium  sinks  into  and  tills  a  groove  along  each  jaw-arch.  This  epithelium 
is  the  common  enamel-germ.  The  corium  rises  as  a  ridge  in  front  and  behind  this  groove, 
which  appears  pear-shaped  in  vertical  section  ;  and  ridges  of  corium  rise  at  intervals  along 
the  floor  of  the  groove  dividing  it  into  a  series  of  pits  filled  with  epithelium,  the  mouths  of 
which,  in  process  of  time,  become  narrowed.  The  masses  of  epithelium  in  these  separate 
pits  are  called  special  enamel-germs.  At  the  bottom  of  each  of  these  dental  follicles  a  small 
vascular  papillary  process  of  corium  rises,  jutting  into  the  mass  of  epithelium.  This  is  the 
tooth  papilla,  and  it  consists  superficially  of  soft  branched  connective  cells  (odontoblasts).  The 
layer  of  epithelium  in  contact  with  the  papilla  becomes  adherent  and  forms  the  <namel 
epithelium,  and  the  tubular  neck  whereby  the  epithelium  of  the  follicle  was  connected  with 
the  surface  epithelium  becomes  closed,  the  follicle  becoming  a  sac.  The  peripheral  layer 
at  first  lines  the  follicle,  and  the  intermediate  layer  becomes  gelatinous  and  degenerated, 
and  finally  vanishes  as  the  papilla  enlarges.  The  intercellular  substance  around  the  peripheral 
processes  of  the  odontoblasts  becomes  calcified  as  dentine,  tubulated  because  traversed  by  the 
filamentary  processes  of  the  cells,  and  the  bodies  of  the  cells  are  displaced  farther  and  farther 
inwards,  becoming  ultimately  the  central  pulp  mass  within  the  dentine.  This  dentine  at  first 
forms  a  cap  to  the  papilla,  upon  which  the  enamel  forms  a  second  cap,  but  as  growth  proceeds, 


Fig.  650. — Diagram  of  early 
stage  of  the  development 
of  a  tooth  papilla  —  a, 
epithelium  of  dental 
ridge  on  lower  jaw ;  b, 
portion  of  epithelium 
about  to  be  modified 
into  enamel  (enamel  or- 
gan) ;  c,  beginning  of 
germ  of  dentine  in  the 
tooth  papilla;  d,  lamina- 
tion of  corium  about  to 
form  tooth  sac. 


Fig.  65 1 . — Second  stage  of  tooth- 
development — a,  dental  ridge; 
b,  enamel  organ,  now  divided 
into  three  layers — 1,  a  super- 
ficial lining  the  tooth  sac,  2, 
a  middle  gelatinous  layer, 
whose  cells  have  become  stel- 
late, 3,  the  layer  becoming 
enamel  prisms  ;  c,  papilla  of 
tooth,  with  vessels  of  pulp 
and  elongating  osteoblasts  on 
the  surface  ;  d,  tooth  sac  ;  e, 
secondary  enamel  germ. 


Fig.  652.— Later  stage,  showing—  g, 
dentine ;  h,  interval  between  the 
uncalcifying  part  of  the  enamel 
organ  and  the  calcified  surface  of 
the  enamel  (/);  k,  layer  of  odonto- 
blasts. 


the  dentinisation  extends  downwards,  isolating  the  papilla  to  its  base  until  finally  all  the  odonto- 
blasts are  contained  within  a  tubular  dentine  cavity,  through  whose  wide  down-directed  mouth 
the  vessels  enter.  In  later  stages  this  tube  below  narrows  to  become  the  pulp  canal  in  the  fang, 
and  the  nutrition  of  the  tooth  is  thereby  restricted.  The  first  papilla  appears  in  the  fourth 
follicle  from  the  middle,  the  second  in  the  third  from  the  middle,  and  both  these  are  present 
at  the  end  of  the  second  month  ;  the  innermost  papilla  appears  in  the  eighth,  and  the  second 
papilla  in  the  ninth  week,  the  fifth  is  the  last  to  appear,  but  is  distinct  about  the  middle  of 
the  third  month. 

By  the  time  the  dentine  begins  to  calcify,  the  wall  of  the  tooth  follicle  has  become 
definite  and  condensed  into  a  dental  sac,  into  whose  sides  ossification  extends  gradually 
from  the  jaw,  forming  the  alveolar  arch.  This  appears  at  first  as  a  continuous  bony  gutter, 
and  the  bony  partitions  are  of  later  growth.  The  dental  arteries  and  nerves  be  at  first  in 
the  floor  of  this  groove  beneath  the  dental  sacs.  The  period  of  dentinisation  varies  in  the 
teeth.  The  median  incisor  usually  becomes  dentinised  and  the  enamel  cap  begins  to 
calcify,  in  the  third  month.  For  each  tooth  dentinisation  begins  separately  in  each  cusp. 
As  the  tooth  approaches  full  development  the  wall  of  the  bony  cavity  becomes  absorbed, 
consequent  on  the  upward  pressure  of  the  tooth.  The  gum  becomes  first  thin  and  sharp- 
■edged,  then  rounded,  softened  and  swollen,  then  absorption  takes  place,  especially  over  the 
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cusps,  which  protrude  through  the  purplish  gums  as  white  points.  The  hrst  tooth  to  appear 
is  the  lower  medial  incisor  (seventh  month  after  birth),  then  the  central  upper  incisor  (eighth 
month),  then  the  upper  lateral  incisor  (eight  to  tenth  month),  then  the  lower  lateral  incisors 
(tenth  to  twelfth  month) ;  then  the  first  pair  of  temporary  molars  (fourteenth  month),  then 
the  canines  at  seventeen  months,  and  the  second  pair  of  temporary  molars  at  twenty-two 
months.  As  the  tooth  fills  the  sac  before  cutting,  the  peripheral  layer  of  epithelium 
cornifies  into  the  enamel  cuticle,  and  the  uncalcified  tissue  around  the  root  of  the  papilla 
when  the  alveolus  has  become  perfect,  becomes  the  periodontal  membrane,  and  gives  rise  to 
the  cement  which  is  only  ordinary  bone.  These  dates  are  liable  to  individual  variety,  but 
the  order  is  very  constant.  Rarely  the  incisors  are  cut  at  birth,  as  in  the  cases  of  Richard  III., 
Louis  XIV.,  Cardinal  Mazarin,  and  Mirabeau. 

Permanent  Dentition.— Behind  the  follicle  of  each  of  these  teeth  of  the  first  or  decidu- 
ous dentition  a  small  tubular  diverticulum  extends  backwards  from  the  neck  of  the  sac  (fig. 
651,  e).  These  secondary  dental  follicles  appear  about  the  fourth  month  and  rapidly  extend 
backwards,  and  at  the  fundus  of  each  a  tooth  papilla  appears,  of  the  same  nature  as  that  in 
the  first  tooth  sac ;  around  this  the  alveolus  ossifies,  forming  a  socket,  which  is  separated 
by  a  bony  partition  from  the  temporary  tooth  socket,  and  communicates  with  the  surface 
by  a  solid  pedicle  traversing  a  canal  in  the  bone,  which  opens  behind  each  milk  tooth. 
Coincidently  with  the  growth  of  the  permanent  tooth  below,  the  pulp  of  the  milk  teeth 
becomes  dentinised,    the 
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milk  tooth  fang  and  al- 
veolus become  first  horny 
and  then  absorbed,  partly 
by  pressure,  partly  by 
the  phagocytic  action  of 
osteoclasts  (p.  39),  and  the 
tooth  finally  is  shed,  the 
permanent  tooth  taking 
its  place.  The  two  in- 
cisors are  succeeded  by 
two  permanent  incisors, 
the  canines  by  permanent 
canines,  the  temporary 
molars  are  succeeded  by 
the  premolars. 

At  the  hinder  part  of 
each  jaw-arch,  from  the 
end  of  the  enamel  ridge, 
three  additional  follicles 
form.  The  first,  about  the 
beginning  of  the  fourth 
f  cetal  month,  is  the  germ  of 
the  first  permanent  molar; 
seven  months  after  birth 
the  follicle  for  the  second 
molar  appears,  and  at  the 
end  of  the  third  year  that 
for  the  last  molar.  These  papilla?  calcify  in  the  following  order  — the  lower  first  molar  at 
the  sixth  month  after  birth ;  the  upper  first  molar  and  central  incisors,  upper  and  lower, 
at  eight  months  ;  the  lower  lateral  incisors  at  the  ninth  month  ;  the  lower  canine  and 
upper  lateral  incisor  at  nine  and  a-half  months ;  the  upper  canines  at  ten  months.  The 
premolars  are  variable  in  succession,  but  all  calcify  between  the  fourteenth  to  the  seventeenth 
month,  the  second  molars  about  five  years,  the  third  molar  about  ten.  The  first  permanent 
molars  are  cut  at  six  years,  and  hence  are  called  the  "  six-year-old  molars." 

At  six  years  of  age  there  are  thus  forty-eight  calcified  teeth  in  the  head,  and  at  seven 
years  the  central  permanent^incisors  replace  the  temporary  which  are  then  shed ;  at  eight 
years  the  lateral  permanent  incisors  succeed  their  predecessors,  and  between  nine  and  ten 
the  bicuspids  replace  the  milk  molars.  The  permanent  canines  appear  at  eleveD,  and  the 
second  molars  ("twelve-year-old  molars")  at  twelve.  The  third  molars  or  wisdom  teeth 
appear  at  a  variable  period,  usually  about  twenty. 

Man  is  thus  slower  than  any  other  animal  in  perfecting  his  dentition,  and  growth-changes 
take  place  in  the  jaws  pari  passu  with  these  changes  in  the  teeth.  How  much  of  the  detail 
of  the  anatomy  of  the  head  depends  on  the  size,  shape,  and  use  of  the  teeth,  a  little  thought 
will  show.  The  mechanical  arrangements  for  the  motion  of  the  jaw,  for  receiving  the  impact 
of  the  mandibular  teeth,  for  protecting  the  orbit  from  the  masticatory  concussions,  &c, 
all  these  vary  with  varying  size  and  use  of  the  teeth.  There  is  evidence  that  in  civilised 
man  the  alveolar  arch  is  shortening  from  diminished  use,  owing  to  improved  cookery,  and 


Fig.  653. — Alveolar  arches  of  a  child  five  years  of  age,  with  the 
surfaces  removed  to  show  the  uncut  permanent  tooth-germs. 
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it  has  been  recommended  to  provide  for  this  and  to  prevent  overcrowding,  and  the  consequent 
dental  mal-nutrition  and  disease,  by  the  extraction  of  the  six-year-old  molar.  This  is  merely 
anticipating  the  natural  abortion  of  a  tooth;  but  the  teeth  that  naturally  are  tending  to 
disappearance  are  the  third  molars  which  are  absent  in  12  per  cent,  of  persons. 

In  old  age  the  gums  shrink,  and  often  stumps  which  have  been  buried  come  to  the  surface, 
giving  rise  to  the  stories  of  tertiary  dentitions,  authenticated  cases  of  which  are  extremely 
rare. 

Not  uncommonly,  accessory  nests  of  enamel  epithelium  are  persistent  in  little  closed 
follicles  in  the  gum,  but  without  papilla?.  Occasionally,  a  similar  nest  developes  on  a  papilla 
in  the  mesopalatine  suture,  forming  the  not  uncommon  irregularity  of  a  mesopalatine  tooth. 
In  man,  the  third  incisor  which  is  generally  present  in  the  other  mammals  has  become 
aborted,  but  is  occasionally  present  as  a  supernumerary  tooth. 

It  must  be  remembered  that  teeth  are  simply  special  cases  of  dermal  papilla},  and  so 
are  comparable  with  such  other  papilla?  as  those  of  the  hair  follicles,  and  are  similar  to  those 
which  form  the  cutaneous  armature  of  placoid  fishes.  They  are  the  papillae  of  the  integument 
clothing  the  borders  of  the  oral  slit,  and  were  originally  in  several  rows.  The  double  series 
in  man  is  simply  the  delayed  development  of  a  hinder  row.  In  shape,  the  homodontal 
condition  was  the  primary  one,  and  all  the  specialisations  of  form  are  derived  therefrom. 
The  relations  to  the  bones  are  also  secondary,  although  they  have  become  very  constant. 
Thus,  the  upper  incisors  have  become  rooted  in  the  premaxilla,  and  the  canines  are  the 
proximal  maxillary  teeth. 

Teeth  serve  to  modify  the  vibrations  of  vocal  souuds.  Hence,  without  teeth,  certain 
consonantal  sounds  are  impossible,  such  as  the  English  Th,  the  French  J,  the  sharp  sibilant 

S,  and  the  anterior  forms  of  D  and  T. 
5  With  irregular  teeth,  vocal  sounds  are 

also  varied,    and   certain   modifications 
become  likewise  difficult  of  production. 

The  individual  milk  teeth  can,  like 
the  permanent,  be  discriminated. 

Dissection. — The  integument  has 
already  been  removed  from  the  space 
between  the  ear  and  the  ramus  of  the 
jaw.  Remove  now  carefully  the  upper 
portion  of  the  cervical  fascia  in  this 
region,  and  expose  the  surface  of  the 
parotid  gland,  taking  care  of  the  branches 
of  the  facial  nerve  which  are  seen  emer- 
ging from  its  front  and  lower  margin,  and 
-ramifying  over  the  face.  Define  the  mar- 
gin of  the  gland  and  of  the  duct  emerging 
from  its  anterior  border  (fig.  614). 

455.  THE  PAROTID  GLAND 

(fig.  655),  the  largest  of  the 
salivary  glands,  lies  in  the  irregu- 
lar space  between  the  ear  meatus 
and  mastoid  process  behind,  and 
the  ramus  of  the  jaw  and  the 
muscles  and  fascia  attached  thereto  in  front.  It  overlaps,  by  its  thin  irregular 
anterior  border,  the  hinder  edge  of  the  masseter,  and  is  bound  in  its  place  by 
the  strong  layer  of  the  cervical  fascia  which  flattens  its  surface.  Through  this 
edge  the  branches  of  the  facial  nerve  emerge.  When  cleaned  this  surface 
appears  marked  out  into  small  flattened  lobules.  Above,  the  gland  rises  to 
the  level  of  the  root  of  the  zygoma ;  below,  it  is  bounded  by  the  posterior  belly 
of  the  digastric  (fig.  624). 

The  parotid  is  traversed  by  the  second  stage  of  the  facial  nerve  (p.  576),  by 
the  temporo-maxillary  vein  (p.  564)  and  temporo-auricular  nerve,  and  by  the 
external  carotid  artery  (p.  559).  Its  vessels  come  from  the  external  carotid 
and  temporal  arteries,  its  nerves  from  the  sympathetic  and  from  the  glosso- 
pharyngeal, a  branch  of  which  reaches  the  gland  circuitously,  its  fibres  passing 
in  the  lesser  petrosal  cord  and  through  the  otic  ganglion  (§  480;  fig.  666), 
thereby  reaching  the  auriculo-temporal  by  which  they  are  brought  to  the 
gland.     Embedded  in  its  anterior  surface  are  three  small  lymphatic  glands. 
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Fig.  654. — Alveolar  arch  of  upper  jaw;  deciduous 
teeth  seen  from  below,  with  the  dates  of  their 
eruption.  The  premaxillo-maxillary  suture  is 
shown  below  2. 
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Its  irregular  deep  surface  is  pressed  against  the  styloid  process  and  the 
stylo-mandibular  ligament  which  separates  it  in  front  and  below  from  the 
submaxillary  gland.  Owing  to  the  irregularities  of  its  surroundings  the  gland 
presents  on  its  anterior  and  deep  surfaces  four  projecting  lobes.  One,  the  socio, 
(tig.  655)  lies  on  the  masseter  muscle  above  the  duct  and  the  supramaxillary 
branches  of  the  facial  nerve,  below  the  zygoma,  and  overlaps  the  transverse 
facial  artery.  It  is  usually  fairly  distinct,  and  sends  a  separate  duct  into  the 
duct  of  Stenson.  The  deeper  lobes  are  processes  whose  degree  of  distinctness 
depends  largely  upon  the  skill  of  the  dissector,  and  should  be  shown  later 
by  a  piecemeal  removal  of  the  gland.  The  glenoid  lobe  is  the  part  which 
tits  against  the  vaginal  process  of  the  tympanic  bone,  behind  the  capsule  of 
the  lower  jaw  in  the  part  of  the  glenoid  cavity  behind  the  Glaserian  fissure ; 
the  pterygoid  lobe  projects  forwards  behind  the  rami  of  the  jaw  and  between 
the   two  pterygoid   muscles,    internal    to  the   internal    maxillary    artery ;   the 

carotid  lobe  projects 

around  the  base  of  the 
styloid  process,  in  the 
interval  between  the  two 
carotid  arteries,  its  deep 
surface  resting  on  the 
internal  carotid  artery 
and  jugular  vein. 

The  duct  of  Sten- 
son is  formed  by  the 
union  of  several  lobular 
ducts,  and  appears  as  a 
firm  white  tube,  which 
leaves  the  gland  at  its  an- 
terior edge  and  crosses 
the  masseter  horizontally 
1  cm.  below  the  zygoma, 
running  along  a  line 
drawn  from  the  ear 
meatus  to  the  mid-point 
between  the  ala  of  the 
nose  and  the  angle  of 
the  mouth ;  at  the  middle 
point  of  this  line  it  opens  into  the  mouth  (p.  566),  having  crossed  the  front 
edge  of  the  masseter,  where  it  is  palpable  during  life,  and  having  sunk  through 
the  buccal  fat  and  pierced  the  buccinator  muscle. 

This  duct  is  6  cm.  long  and  3  mm.  in  diameter ;  it  consists  of  a  firm,  fibrous  adventitious 
coat,  which,  at  the  opening,  is  lost  in  the  buccinator  fascia ;  under  this  is  a  longitudinal 
connective  layer,  rich  in  elastic  fibres,  placed  over  a  thinner  circular  layer,  mainly  also 
elastic,  beneath  which  is  a  basement  layer  lined  by  a  single  stratum  of  columnar  epithelium. 
Its  lumen  is  •9  mm.  in  diameter,  but  it  narrows  to  its  elliptic  orifice,  which  measures  -6  along 
its  long  axis.  The  volume  of  the  parotid  is  26  cubic  centimetres,  its  weight  27  grammes, 
and  its  specific  gravity  1  •05. 

The  parotid  is  an  aquiparous  compoimd  racemose  gland  (p.  23)  whose  acini  are  irregular 
and  alveolated  with  a  dense  reticulated  membrana  propria,  surrounded  by  lymph  spaces, 
around  which  are  the  capillary  blood-vessels  (fig.  665).  The  gland  cells  lining  the  alveoli 
fill  nearly  its  whole  cavity,  and  are,  when  at  rest,  full  of  granules  which  mask  the  nucleus. 
During  secretory  activity  the  granules  diminish  in  number,  becoming  limited  to  the  periphery 
of  the  cells,  and  the  nucleus  becomes  distinct.  From  each  acinus  there  passes  a  narrow 
intercalary  duct,  lined  by  a  layer  of  flattened  cells.  These  end  in  intralobular  ducts,  which 
are  also  narrow,  lined  by  a  layer  of  high  columnar  epithelial  cells  radially  striated  at  base  ; 
these  unite  with  interlobular  ducts  which  have  a  layer  of  smooth  muscle  in  their  wall  and  a 
simple  columnar  epithelium,  and,  from  the  union  of  these,  Stenson's  duct  originates.  Each 
gland  has  in  connection  with  it  a  threefold  nervous  mechanism,  secretory  filaments  ending 


Fig-  655. — Dissection  of  the  side  of  the  face  showing  the 
salivary  glands.  A  probe  is  passed  through  the  opening 
of  Stenson's  duct. 
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beneath  or  in  the  glandular  epithelium,  afferent  filaments  passing  to  the  salivary  centre  from 
the  neighbouring  mucosa,  and  vaso-dilator  filaments  to  the  vessels  supplying  it  (fig.  656). 

The  parotid  is  largely  influenced  by  motions  of  the  lower  jaw,  which  produce  alternations 
of  tension  and  pressure,  favourable  for  its  nutrition  and  capable  of  stimulating  it  to  secre- 
tion. The  parotid  gland  appears  first  as  a  solid  cellular  cord  at  the  hinder  angle  of  the 
fold  between  the  mandible  and  the  maxillary  lobe,  superficial  to  and  above  Meckel's  cartilage. 
It  rapidly  grows  backwards,  lying  at  first  over,  then  behind,  the  developing  mandible  and 
masseter  muscle.  Its  deeper  lobes  do  not  become  recognisable  until  the  end  of  the  first 
dentition.  It  first  overlies  the  seventh  nerve  and  vessels,  but  has  begun  to  surround  them 
at  birth. 

456.  THE  SECOND  STAGE  OF  THE  FACIAL  NERVE  (§  537;  fig-  613) 
is  exposed  by  following  backwards  the  branches  which  appear  at  the  lower  and 
front  edge  of  the  parotid,  and  by  removing  piecemeal  the  lobules  of  the  gland 
which  overlie  it.  The  nerve  is  seen  emerging  from  the  stylo-mastoid  foramen, 
and  turning  forwards  to  break  up  in  the  substance  of  the  gland  into  a  somewhat 
triangular  plexus,  the  pes  anserillUS. 

Immediately  after  its  exit  it  gives  off  its  posterior  auricular  branch, 
which  ascends  close  to  the  front  of  the  mastoid  process  and  divides  into  a 
smaller  auricular,  and  a  larger  or  occipital  branch.     The  auricular  divides  again 

into  three,  one  of  which  enters  the 
retrahens  aurem  (p.  527);  a  second 
supplies  the  attollens  aurem,  and  re- 
ceives a  small  branch  of  the  auri- 
cularis  magnus  nerve  (p.  541)  ;  and 
a  third  supplies  the  short  muscles  on 
the  back  of  the  auricle  and  the  antitra- 
gicus  (p.  524).  The  occipital  branch 
ascends  to  the  occipitalis  muscle 
(p.  526),  and  communicates  with  a 
branch  of  the  occipitalis  minor 
(p.  541),  sending  a  filament  to  the 
transversus  nuchce. 

The  styloid  branch  comes  off 

internal  to  the  last  and  divides  at 
once  into  three  —  (1)  the  digastric 
nerve  which  enters  the  posterior 
belly  of  that  muscle  (fig.  675,  8);  (2) 
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-Scheme  of  the  nervous  mechanism 
of  a  salivary  gland. 


the  long  slender  stylo-hyoid  branch  which  enters  the  hinder  surface  of  that 
muscle  (p.  557)  about  the  middle  of  its  course;  and  (3)  the  communicating 
branch  which  crosses  the  jugular  vein  and  joins  the  glosso-pharyngeal  close 
to  the  ganglion  of  Andersch  (§  486),  and  is  distributed,  with  fibres  of  the 
glosso-pharyngeal  nex've,  to  the  stylo-pharyngeus  muscle  (p.  602). 

The  facial  trunk  divides  into  two  main  terminal  branches,  the  upper  or 
temporo-facial  is  the  larger,  and  as  it  passes  upwards  and  forwards  through 
the  gland  over  the  temporo-maxillary  vein,  it  divides  into  three  branches 
within  the  gland  : — 

1.  The  temporal  ascends  obliquely  over  the  zygoma,  sends  two  filaments 
backwards,  one  to  the  anterior  muscles  of  the  ear,  and  a  second  to  the  attr aliens 
aurem.  It  receives  a  communicating  branch  from  the  auriculo-temporal 
nerve  (p.  597),  and  then  sends  a  third  branch  to  the  frontalis  (fig.  614),  and 
a  fourth  to  the  upper  part  of  the  orbicularis  palpebrarum  (ib. ;  p.  630).  This 
communicates  with  the  temporal  branch  of  the  superior  maxillary  and  with  a 
branch  of  the  supraorbital,  and  the  conjoint  terminal  filaments  are  distributed 
to  the  dermal  muscles  of  the  forehead  and  the  overlying  skin. 

2.  The  malar  branch  passes  forwards  beneath  the  socia  parotidis  over  the 
transverse  facial  artery   (p.  564),  and  is  distributed  to  the  outer  and  lower 


MASSETEK. 


577 


fibres  of  the  orbicularis  palpebrarum  (§  511)  and  the  deeper  fibres  in  the  lids, 
as  well  as  to  the  zygomaticus  (fig.  614). 

3.  The  superior  bucco-labial  nerve  passes  horizontally  along  Stenson's 
duct  and  between  the  two  strata  of  facial  muscles.  It  is  distributed  to  the 
buccinator  (p.  585),  levator  labii  superioris  (p.  536),  the  levator  angtdi  oris, 
and  the  zygomatic  slip  of  the  orbicularis.  It  communicates  extensively  with 
the  branches  of  the  infraorbital  nerve  on  the  surface  of  the  levator  anguli  oris, 
which  it  also  supplies. 

The  cerviCO-facial  branch  is  smaller,  passes  downwards  and  forwards,  and 
is  distributed  to  all  the  facial  muscles  below  the  level  of  the  angle  of  the 
mouth.  It  divides  in  the  parotid  gland  into  two  branches — (a)  inferior 
bucco-labial,  which  crosses  the  masseter  and  is  distributed  to  the  mandibular 
part  of  the  buccinator,  risorius,  depressor  anguli  oris,  and  depressor  labii  inferioris 
muscles  (fig.  624);  and  (6)  cervical,  which  descends  below  the  angle  of  the  jaw 
beneath  the  platysma,  to  which  it  is  distributed.  It  forms  under  that  muscle 
two  loops,  with  sensory  branches  of  the  superficialis  colli  nerve  (p.  542).  All 
these  branches  may  be  more  or  less  subdivided. 

457.  MUSCLES  OF  MASTICATION.— These  are  four  on  each  side,  the 
masseter,  the  temporal,  and  the  two  pterygoids. 

Dissection. — Divide  Stenson's  duct  as  it  emerges  from  the  parotid,  and  reflect  it 
forwards.  Remove  the  structures  which  overlie  the  masseter  muscle — viz.,  some  fibres  of 
the  platysma,  the  socia  and  margin  of  the  parotid  gland,  the  bucco-labial  branches  of  the 
facial  nerve,  and  the  transverse  facial  artery.  Remove  also  the  closely  adherent  sheath 
derived  from  the  cervical  fascia. 

Masseter  (j^an-ff'r^,  Hippocrates)  is  a  thick,  quadrate,  somewhat  bilaminar 
muscle,  whose  superficial  stratum  arises  chiefly  by  a  flat  tendon  from  the  lower 
edge  of  the  malar  bone  and  the  malar  process  of  the  maxilla.  The  fascicles  of  the 
tendon  are  irregularly  prolonged  into  the  thick,  short  fleshy  belly,  which  descends 
backwards  to  be  inserted  into  the  outer  surface  of  the  lower  half  of  the  ramus 
of  the  jaw.  The  triangular,  deeper  stratum  is  imperfectly  separable  from,  and 
uncovered  by,  the  superficial  part  posteriorly,  but  is  fused  with  it  into  a 
rounded  border  in  front,  and  arises  chiefly  by  fleshy  fibres  from  the  inner 
surface  of  the  malar  bone.  Vertically  descending,  it  is  inserted  into  the  ramus 
of  the  jaw,  above  the  superficial  part,  as  high  as  the  sigmoid  notch. 

The  masseter  covers  the  mandibular  ramus  and  its  own  vessels  and  nerves ; 
its  front  edge  overlaps  the  buccal  fat  and  the  buccinator.  Sometimes  a  bursa 
or  a  space  of  loose  connective  tissue  partially  intervenes  between  its  two  layers, 
but  this  is  uncommon.  The  fleshy  fascicles  of  the  two  parts  are  equal  in  length, 
the  difference  being  in  the  length  of  the  tendinous  fibres.  The  masseter  elevates 
the  lower  jaw ;  each  muscle,  acting  separately,  has  some  slight  influence  in 
drawing  the  jaw  to  the  opposite  side.  In  the  foetus,  it  is  more  oblique  and 
less  tendinous ;  it  increases  in  length  with  the  growth  of  the  molar  teeth. 

Dissection. — The  superficial  auricular  muscles  (p.  527),  temporal  artery  (p.  563),  and 
auriculotemporal  nerve  (p.  597)  having  been  examined  or  reviewed  are  to  be  removed,  and 
the  surface  of  the  temporal  fascia  to  be  cleaned  from  the  loose  tissue  covering  it,  which  is 
sometimes  unnecessarily  regarded  as  a  separate  layer. 

458.  THE  TEMPORAL  FASCIA  is  a  strong  fibrous  sheet,  single,  thin,  and 
semi-transparent  above,  where  it  is  attached  to  the  superior  temporal  crest  on 
the  temporal  and  parietal  bones,  continuous  with  the  pericranium,  and  on  a 
plane  beneath  the  epicranial  aponeurosis.  Below  and  at  its  frontal  attachment 
it  becomes  bilaminar  and  opaque,  its  two  layers  being  separated  by  twigs  of  the 
temporal  branches  of  the  superior  maxillary  nerve  and  a  lamina  of  fat,  the 
layers  being  attached  respectively  to  the  outer  and  inner  edges  of  the  upper 
margins  of  the  zygoma  and  malar  bones. 
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The  fascia  consists  of  two  lamellse  of  decussating  fibres ;  anteriorly,  a  strong  series  of 
ascending  fibres  pass  from  the  marginal  process  of  the  malar  to  the  upper  part  of  the 
temporal  ridge  of  the  frontal. 


Pig#  657.— Muscles  of  mastication— 1,  masseter ;  2,  temporal;  3,  helicis  major  ;  4,  helicis 
minor ;  5,  tragicus  major ;  6,  tragicus  minor  ;  7,  antitragicus ;  8,  pyramidahs  nasi ; 
9,  corrugator  supercilii ;  10,  inferior  oblique;  II,  superior  oblique;  12,  orbicular  nbres 
round  the  mouth,  unnaturally  drawn;  13,  nasolabial  fibres;  14,  buccinator;  15,  depressor 
anguli  oris;  16,  depressor  labii  inferioris;  17,  levator  menti,  unnaturally  drawn ;_  is, 
compressor  nasi ;  19,  dilator  ala?  nasi ;  20,  levator  anguli  oris  ;  21,  capsule  of  lower  jaw. 
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Dissection. — Divide  the  temporal  fascia  along  the  upper  edge  of  the  zygoma  and  remove 
it  from  the  surface  of  the  muscle,  sparing  the  temporal  branch  of  the  maxillary  nerve. 
Divide  with  the  saw  the  zygoma  in  front  and  behind  the  attachment  of  the  masseter,  and 
reflect  it  downwards,  leaving  the  masseter  attached  to  it.  Clean  and  trace  the  masseteric  nerve 
and  artery  as  they  emerge  through  the  sigmoid  notch,  close  to  the  front  of  the  condyle,  and 
divide  them  as  they  enter  the  deep  surface  of  the  masseter  muscle,  and  clean  the  surface  of 
the  temporal  muscle.  In  front  of  its  tendon  the  buccal  nerve  should  be  found  and  cleaned. 
In  the  small  space  behind  the  coronoid  process  and  above  the  edge  of  the  sigmoid  notch,  a 
small  portion  of  the  internal  maxillary  artery  appears. 

459.  THE  TEMPORAL  MUSCLE  (fig.  657,  2)  is  large,  flat,  and  fan-shaped, 
occupying  and  arising  from  the  bony  wall  of  the  temporal  fossa,  except  at  its 
anterior  part  where  few  or  no,  fibres  arise  from  the  malar  bone,  from  wrhich  the 
muscle  is  separated  by  a  very  soft  mass  of  fat.  A  thin  stratum  of  fleshy  fibres 
arises  from  the  deep  surface  of  the  fascia  which  covers  it.  The  muscular  fibres 
are  short,  averaging  4  cm.,  and  soon  end  in  a  fan-shaped  tendon,  beginning  on 
the  surface  of  the  main  mass  of  the  muscle,  and  only  covered  by  the  fibres  which 
arise  from  the  fascia.  The  hinder  fibres  pass  forwards  over  the  root  of  the 
zygoma  ;  most  of  the  fibres  descend  oblicpuely  forwards,  but  the  frontal  fibres 
descend  nearly  vertically.  On  its  deep  surface  its  lowest  fibres  arise  by  a 
strong  tendon  attached  to  the  crista  infratemporalis  on  the  sphenoid  and 
squamosal  bones.  These  fibres  descend  outwards  at  a  very  small  angle.  The 
insertion  is  by  a  strong  tendon  into  the  tip,  front  edge,  and  inner  surface  of  the 
coronoid  process  of  the  lower  jaw,  extending  nearly  as  far  as  the  socket  of  the 
hindmost  tooth. 

The  buccal  nerve  and  artery  descend  close  to  the  anterior  border  of  the  tendon,  the  mas- 
seteric nerve  and  artery  behind  it.  The  pre-temporal  fat  is  soft  and  large-grained,  and  when 
absorbed  causes  the  falling  in  of  the  skin  of  this  region.  Fat  of  the  same  character  also 
underlies  the  temporal  aponeurosis  above  the  zygoma.  The  temporal  and  masseter  are 
separated  parts  of  one  primary  muscle,  and  preserve  traces  of  their  primitive  connection  in 
the  form  of  irregular  connecting  fibres.  The  changes  of  position  of  the  muscle  in  the  open 
and  closed  condition  of  the  mouth  ai-e  to  be  noted.  The  student  must  remember  that  during 
life  the  cond}-le  of  the  jaw  is  advanced  on  the  articular  eminence  when  the  mouth  is  opened, 
hence  the  opening  of  the  jaw  by  muscular  action  during  life  and  by  external  force  after  death 
are  not  identical  actions.  The  temporal  is  a  triangular  muscle,  whose  resultant  is  a  line  from 
the  front  edge  of  the  coronoid  process  to  a  point  a  little  behind  the  bregma.  In  action  it 
therefore  retracts  the  jaw. 

Dissection.— Divide  now  the  coronoid  process  of  the  lower  jaw  by  an  oblique  section 
carried  from  the  bottom  of  the  sigmoid  notch  downwards  and  forwards  to  the  front  of  the 
ramus,  above  the  last  molar  tooth.  Raise  the  coronoid  process,  and  with  it  the  whole  tem- 
poral muscle  upwards  from  the  floor  of  the  fossa.  In  so  doing  the  upper  part  of  a  rather  firm 
connective  lamella,  which  passes  from  the  inner  side  of  this  process  inwards  to  the  external 
pterygoid  plate  (the  pterygo-mandibular  ligament),  must  be  divided.  Close  to  the  bone  the 
anterior  and  posterior  deep  temporal  nerves  and  arteries  ascend  beneath  the  muscle,  and  are 
to  be  preserved.  The  middle  deep  temporal  branch  of  the  superficial  temporal  can  now  be 
traced  through  the  muscle  to  the  surface  of  the  temporal  bone. 

When  the  region  behind  the  post-zygomatic  part  of  the  temporal  muscle  has  thus  been 
exposed,  divide  the  neck  of  the  lower  jaw  transversely  and  cut  the  ramus  across  transversely 
on  the  level  of  the  mid-point  between  the  angle  and  the  condyle.  It  is  most  convenient  to 
make  these  sections  through  two-thirds  of  the  bone  with  a  Hey's  saw  and  to  complete  the 
division  with  the  bone  forceps.  Remove  the  intervening  piece  of  bone,  taking  care  to  leave 
uninjured  the  inferior  dental  nerve  and  vessels  which  enter  the  inferior  dental  canal  in  the 
lower  jaw,  opposite  the  level  of  the  lower  line  of  section.  Carefully  remove  the  fat  which 
lies  behind  the  jaw,  and  the  internal  maxillary  artery,  the  terminal  branch  of  the  external 
carotid,  is  then  exposed,  as  also  are  the  lingual,  inferior  dental,  aud  buccal  nerves  internal 
to  it.  The  removal  of  the  fat  also  brings  into  view  the  internal  lateral  ligament  of  the 
mandible,  and  the  two  pterygoid  muscles. 

460.  EXTERNAL  PTERYGOID,  a  short,  thick,  nearly  horizontal  muscle 
arises — (1)  below,  from  the  outer  surface  of  the  external  pterygoid  plate  and 
the  contiguous  surface  of  the  tuber  maxillare  below  it,  and  (2)  above,  from  the 
lower  part  of  the  infratemporal  crest  on  the  ali-sphenoid  and  from  the  zygomatic 
surface  of  the  bone  below  it.     This  head  is  the  weaker.     The  fibres  converge 
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from  these  origins,  to  be  inserted  into  the  pterygoid  fossa  beneath  the  condyle 
of  the  mandible,  some  fibres  of  the  upper  head  being  inserted  into  the  front  of 
the  capsular  ligament  over  the  lower  synovial  membrane  and  into  the  inter- 
articular  fibro-cartilage. 


Fig.  658. — Coronal  section  of  skull  seen  from  behind,  showing  the  pterygoid  muscles — 1, 
sphenoidal  sinus ;  2,  third  stage  of  internal  carotid  artery ;  3,  Eustachian  tube ;  4, 
its  inferior  edge  opened;  5,  its  bony  part;  6,  tympanic  cavity;  7,  membrana  tympani; 
8,  external  auditory  meatus;  9,  hamular  process;  10,  11,  tensor  palati;  12,  palatine 
aponeurosis;  13,  internal  pterygoid;  14,  external  pterygoid;  15,  hyoid  bone,  greater 
cornu  ;  16,  sty lo-hyoid  muscle  ;  1 7,  digastric  ;  18,  mylo-hyoid  ;  19,  genia-hyoid. 

The  interval  between  the  two  heads  is  filled  by  a  large  and  complex  ptery- 
goid plexus  of  veins,  the  buccal  nerve,  and  the  internal  maxillary  artery. 

The  ridging  and  dishing  of  the  external  pterygoid  plate  is  correlative  with 
the  strength  of  the  muscle,  as  its  origin  is  always  intersected  by  tendinous  planes, 
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for  which  there  are  rough  lines  on  the  surface  of  the  bone.  The  deep  surface 
of  the  external  pterygoid  rests  on  the  internal  pterygoid,  the  internal  lateral 
ligament,  the  inferior  dental  and  lingual  nerves,  and  the  middle  meningeal 
artery.  Above  its  upper  border  pass  the  masseteric  and  deep  temporal  nerves 
and  vessels.  The  external  pterygoid  muscle  can  advance  the  whole  jaw,  and 
thus  it  opens  the  mouth.  "When  they  act  alternately  they  can  make  the  teeth 
grind  upon  each  other.  The  external  pterygoid  nerve  from  the  inferior  max- 
illary enters  the  muscle  on  its  inner  surface. 

461.  THE  INTERNAL  PTERYGOID  MUSCLE  is  a  thick  mass  on  the  inner 
side  of  the  ramus  of  the  jaw,  closely  resembling  the  masseter  on  the  outside. 
It  arises  from  the  inner  surface  of  the  external  pterygoid  plate,  thus  filling  up 
much  of  the  pterygoid  fossa,  and  from  the  outer  surface  of  the  tuberosity  of  the 
palatine  bone,  and  the  contiguous  knob  of  the  maxilla.  Its  fibres  pass  downwards, 
a  little  backwards  and  outwards,  expanding,  and  are  inserted  into  the  rough 
impression  on  the  inner  side  of  the  angle  of  the  mandible,  tendinous  planes 
traversing  the  fleshy  fibres  and  being  attached  to  the  rough,  bony  ridges  on 
this  area.  It  bears  on  its  antero-external  surface  the  inferior  dental  vessels 
and  nerve,  the  internal  lateral  ligament,  and  the  lingual  nerve,  and  lies  upon 


anterior  branch  of  middle  meningeal 

tympanic  to  Glaserian  fissure. 

middle  meningeal . 

auriculo-lemporal  nerve. 

meningea  parva. 

auricular. 


inferior  dental  branch 


mylo-liyoid. 
Fig.  659. — Scheme  of  the  internal  maxillary  artery- 
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pterygoid. 
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mental. 


-I.,  II.,  III.,  its  three  stages. 


the  superior  constrictor  of  the  pharynx   and  the   tensor  palati  muscle.      The 
facial  artery  also  touches  its  deep  surface  as  it  loops  behind  the  body  of  the  jaw. 
This  muscle  acts  with  the  masseter  in  raising  the  jaw  ;  its  nerve  from  the 
inferior  maxillary  enters  its  posterior  surface. 

462.  THE  INTERNAL  MAXILLARY  ARTERY  (fig.  659)  is,  in  general, 
now  exposed,  and,  when  this  is  the  case,  its  course  may,  for  convenience,  be 
divided  into  three  stages  :  — 

1.  From  its  origin  it  passes  horizontally  forwards  and  inwards  behind  the 
neck  of  the  lower  jaw,  and  enters  the  triangular  space  bounded  by  the  external 
pterygoid  muscle  above,  the  internal  pterygoid  below,  and  by  the  ramus  of  the 
lower  jaw  externally.  It  separates  the  neck  of  the.  jaw  from  the  spheno- 
mandibular  ligament,  which  lies  internal  to  it.  Internal  and  below  it  are  the 
inferior  dental  and  lingual  nerves. 

2.  Having  passed  below  the  external  pterygoid,  it  turns  upwards  on  the 
anterior  and  outer  surface  of  that  muscle  under  cover  of  the  lower  part  of  the 
temporal  muscle,  and  closely  surrounded  by  the  pterygoid  plexus  of  veins. 

3.  The  artery  then  turns  inwards  between  the  two  heads  of  the  external 
pterygoid,  and  ends  in  the  pterygo-maxillary  fossa  by  breaking  up  into  its  ter- 
minal branches.     The  course  of  this  vessel  is  always  tortuous  in  the  adult. 

In  40  per  cent,  of  cases  the  course  of  the  artery  is  different;  having  passed 
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between  the  neck  of  the  lower  jaw  and  the  internal  lateral  ligament,  the  artery 
ptisses  behind  the  lower  head  of  the  external  pterygoid  muscle,  and  does  not 
appear  in  the  dissection  until  it  reaches  the  interval  between  the  two  heads  of 
that  muscle  where  it  projects  as  a  loop.  This  is  the  commonest  arrangement 
of  the  artery  in  mammals ;  when  it  occurs,  the  artery  sends  in  its  first  stage  a 
muscular  branch  over  the  external  jiterygoid,  which  takes  the  ordinary  course 
of  the  above  described  second  stage ;  this  gives  off  the  masseteric  and  temporal 
branches,  and  by  a  small  pterygoid  anastomotic  branch  communicates  between 
the  heads  of  the  external  pterygoid  with  the  loop  of  the  trunk  artery.  This 
seems  to  be  the  primitive  course  of  the  artery,  and  the  first  described  adult 
or  commonest  condition,  which  is  correlated  with  the  increasing  development 
of  the  -pterygoid  muscles  in  man,  and  the  consequent  obliteration  by  pressure 
of  the  main  channel  after  it  has  given  off  the  middle  meningeal  branch,  has 
arisen  by  the  dilatation  of  that  pterygoid  anastomosis. 

The  branches  given  off  from  the  artery  in  the  first  stage  are  :  — 

1.  Deep  auricular. — This  passes  upwards  behind  the  capsule  of  the  joint 
of  the  lower  jaw,  to  which  it  may  send  branches;  but  it  is  chiefly  distributed  to 
the  outer  auditory  meatus  and  the  membrana  tympani,  in  which  it  terminates 
by  anastomosing  by  a  series  of  radiating  vessels  with  the  other  tympanic  arteries. 

2.  Glaserian,  which  usually  arises  in  common  with  the  next,  and  enters 
and  is  lost  in  the  wall  of  the  Glaserian  fissure  and  the  contiguous  surface  of  the 
tympanum. 

3.  Middle  meningeal. — This  large  branch  ascends  behind  the  external 
pterygoid  muscle  along  the  margin  of  the  spheno-mandibular  ligament,  having 
the  origin  of  the  tensor  palati  in  front  of  it.  It  passes  between  the  two  roots 
of  the  auriculo-temporal  nerve,  behind  and  outside  the  otic  ganglion,  and  enters 
the  foramen  spinosum  in  the  ali-sphenoid. 

Within  the  skull  (fig.  660,  26)  it  appears  under  the  dura  mater  in  the 
middle  cranial  fossa,  where  it  ascends,  grooving  the  ali-sphenoid,  and  divides 
into  two  main  branches.  The  anterior  branch  near  its  commencement  sends 
off — (a.)  the  lacrymal  which  passes  through  the  outmost  part  of  the  orbital 
fissure  to  supply  the  lacrymal  gland  (§  512);  (b.)  the  Gasserian  branch  to 
Meckel's  space  and  the  Gasserian  ganglion ;  (c.)  the  Fallopnan  branch  through 
the  hiatus  Fallopii  to  supply  the  facial  nerve  ;  and  (d.)  the  tympanic  which 
runs  in  the  canal  for  the  tensor  tympani  and  supplies  that  muscle  and  the 
mucous  membrane  about  its  tendon.  Minute  irregular  nutrient  branches 
pierce  the  sphenoid  and  communicate  with  the  periosteal  branches  of  the  deep 
temporal  arteries  externally. 

The  anterior  terminal  branch  grooves  the  upper  part  of  the  ali-sphenoid,  the 
anterior  inferior  angle  of  the  parietal,  in  which  it  may  be  included  in  a  canal, 
and  its  divisions  stream  upwards  and  backwards,  branching  on  the  inside  of 
that  bone  which  it  supplies. 

The  posterior  terminal  branch  is  smaller,  and  its  branches  groove  the 
squamosal  and  the  hinder  part  of  the  parietal  bone. 

4.  The  small  mening'eal,  often  a  branch  of  the  last,  ascends  through 
the  foramen  ovale  beneath  the  inferior  maxillary  nerve  and  supplies  the  dura 
mater  about  Meckel's  space. 

5.  Inferior  dental  passes  downwards  from  the  parent  artery  as  it  lies  on 
the  spheno-mandibular  ligament  behind  and  external  to  the  inferior  dental 
nerve  with  which  it  enters  the  dental  canal  in  the  mandible.  It  gives  off  near 
its  origin  a  comes  nervi  lingualis  which  accompanies  that  nerve  (p.  599),  and  is 
lost  in  the  mucous  membrane  of  the  mouth.  As  it  enters  the  dental  canal  it 
gives  a  mylo-hyoid  branch  which  accompanies  the  nerve  of  that  name  to  the 
submaxillary  region  to  end  in  the  mylo-hyoid  muscle  (p.  586),  anastomosing  with 
the  submental. 
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Within  the  canal  it  sends  dental  branches  through  the  fundus  of  each 
alveolus  into  the  pulp  tubes  of  each  tooth,  and  opposite  the  first  molar  it  sends 
off  a  large  mental  branch  which  escapes  by  the  mental  foramen  to  be  distributed 
to  the  skin  and  muscles  of  the  chin  and  lower  lip,  anastomosing  with  branches 
of  the  facial  artery. 

6.  As  the  first  stage  is  merging  into  the  second  a  muscular  branch  comes 
off  from  the  internal  maxillary,  which  at  once  divides  into  masseteric  and 
posterior  deep  temporal  branches. 

The  masseteric  has  been  already  seen  passing  through  the  sigmoid  notch, 
behind  the  temporal  tendon  into  the  deep  surface  of  its  muscle.  The  posterior 
deep  temporal  ascends  at  first  between  the  temporal  and  external  pterygoid 
muscles,  and  then  lies  close  to  the  bones  beneath  the  muscle  which  it  supplies. 

7.  The  buccal  artery  is  small  and  tortuous,  accompanies  the  buccal  nerve 
(p.  600),  to  end  in  the  buccinator  muscle  and  mucous  membrane  of  the  cheek, 
anastomosing  with  the  buccal  branches  of  the  facial,  transverse  facial,  and 
infraorbital  arteries. 

8.  The  external  pterygoid  branches  are  usually  several  and  very 
small. 

9.  The  internal  pterygoid  branch,  likewise  small  and  numerous. 
As  the  artery  enters  its  third  stage  it  gives  off — 

10.  Anterior  deep  temporal  which  ascends  in  the  front  of  the  temporal 
fossa,  grooving  the  ali-sphenoid,  supplying  the  muscle,  and  giving  off  zygomatic 
branches  through  the  orbital  canal  in  the  malar  bone,  to  anastomose  with  the 
lacrymal  and  transverse  facial  arteries. 

11.  Superior  alveolar  descends  tortuously  outward  on  the  tuber  maxil- 
lare,  sending  off  branches  into  the  antrum,  through  several  holes,  and  finally 
dividing  into  three  series  of  branches — dental,  which  pierce  the  bone  to  supply 
the  upper  molar  teeth  ;  gingival,  distributed  to  the  gums ;  and  buccal,  to  the 
buccinator. 

12.  Infraorbital  passes  in  a  loop  towards  the  spheno-maxillary  fissure 
beneath  the  orbitalis  muscle,  and  enters  the  infraorbital  canal,  where  it  runs 
in  the  floor  of  the  orbit  with  its  nerve  (§  532).  Having  sent  one  or  two  orbital 
branches  to  the  fat  and  lowest  muscles,  and  one  anterior  superior  dental  to 
supply  the  incisor  and  canine  teeth,  it  escapes  through  the  infraorbital  foramen, 
and  breaks  up  into  branches  in  the  face  below  the  levator  labii  superioris, 
supplying  blood  to  the  surrounding  parts;  one  series  of  small  branches  per- 
forating the  holes  of  the  sutura  notha  (p.  235)  to  supply  the  anterior  region  of 
the  nose. 

The  three  terminal  branches-  Vidian,  spheno-palatine,  and  superior 
palatine — all  enter  definite  bony  canals,  and  accompany  their  nerves  (§  533). 

13.  The  Vidian  artery  is  very  small,  and  ends  in  the  cartilage  of  the 
anterior  lacerate  hole  by  joining  with  branches  of  the  pharyngea  ascendens 
and  stylo-mastoid  arteries. 

14.  The  superior  palatine,  much  larger,  descends  in  the  posterior  palatine 
canal,  wherein  it  gives  off  two  accessory  palatine  branches  to  the  soft  palate 
and  tonsil,  and  finally  is  distributed  to  the  hard  palate,  anastomosing  laterally 
with  the  gingival  branches  of  the  alveolar,  above  with  the  spheno-palatine,  and 
in  front  with  the  deep  branches  of  the  facial  (p.  596). 

15.  The  spheno-palatine  or  terminal  branch  of  the  internal  maxillary  enters  the 
nose  by  the  spheno-palatine  foramen,  and  gives  off  at  once  a  pterygo-pharyngeal 
branch,  which  passes  backwards  through  the  pterygo-pharyngeal  canal  to  the 
basilar  region  of  the  pharynx.  It  then  gives  off — (1)  a  descending  pharyngeal, 
which  arises  not  far  from  the  pterygo-phai-yngeal,  and  is  distributed  to  the  roof 
of  the  pharynx  and  to  the  pharyngeal  recesses ;  (2)  the  posterior  nasal  branches 
which  supply  the  mucous  membrane  of  the  upper  and  back  parts  of  the  nose 
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and  ethmoidal  cells;  and  (3)  the  naso-palatine  artery,  which  passes  along  the  roof 
of  the  nose  to  the  septum,  on  which  it  divides  into  superior  and  inferior  branches. 
The  former  sends  branches  to  and  through  the  cribriform  plate  of  the  ethmoid ; 
the  latter  descends  obliquely  on  the  septum  towards  the  anterior  palatine 
foramen,  where  it  supplies  the  septum,  and  anastomoses  through  the  canal  of 
Stenson  with  the  palatine  arteries  (p.  583). 

These  branches  cannot  be  seen  at  present,   but  will  be   followed   in  the 
subsequent  dissections,  to  which  references  are  given. 


Fig.  660. — The  deep  arteries  of  the  head,  seen  from  within,  in  a  medial  section  of  the  head 
and  neck.  —  1,  common  carotid;  2,  internal  carotid;  3,  external  carotid;  4,  superior 
thyroid  ;  5,  superior  laryngeal ;  6,  lingual;  7,  ranine  artery  at  tip  of  tongue;  8,  dorsalis 
linguae;  9,  sublingual;  10,  facial;  11,  ascending  palatine;  12,  occipital;  13,  ascending 
pharyngeal;  14,  posterior  auris ;  15,  temporal;  16,  internal  maxillary;  17,  inferior 
dental;  18,  tympanic;  19,  26,  middle  meningeal;  20,  meningea  parva ;  21,  third  stage 
of  internal  maxillary;  22,  23,  superior  palatine  artery;  24,  spheno-palatine ;  25,  anterior 
ethmoidal ;  27,  mastoid  ;  28,  vertebral. 

463.  THE  VEINS  accompanying  the  branches  of  the  internal  maxillary 
artery  unite  in  a  large  close-meshed  pterygoid  plexus  around  the  external 
pterygoid  muscle.  The  chief  stems  forming  this  plexus  are — (1)  the  spheno- 
maxillary, three  frequently-uniting  veins  from  the  nasal  fossa? ;  (2)  the  infra- 
orbital, a  single  vein ;  (3)  the  two  middle  meningeal  veins  from  the  foramen 
spinosum;  (4)  the  Vesalian  vein,  which  pierces  the  sphenoid  and  communicates 
with  the  cavernous  sinus ;  (5)  the  communicating  ophthalmic  vein,  which 
escapes  from  the  orbit  through  the  spheno-maxillary  fissure  :  (6)  the  numerous 
muscular  branches  from  the  temporal,  masseter,  and  pterygoid  muscles. 
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The  blood  of  the  pterygoid  plexus  is  conveyed  away  by  two  sets  of  channels, 
one  a  communicating  branch  with  the  facial  vein,  which  passes  with  the  buccal 
artery  over  the  external  pterygoid  and  buccinator  muscles,  the  others  are  the 
two  internal  maxillary  veins  which  accompany  the  artery  behind  the  neck  of 
the  lower  jaw  to  join  the  temporal  vein  and  form  with  it  the  temporo-maxillary. 
There  are  no  valves  in  any  of  the  veins  of  the  pterygoid  plexus. 

Dissection. — Remove  the  large-lobed  mass  of  fat  which  lies  under  the  edge  of  the 
masseter,  following  to  their  endings  the  branches  of  the  buccal  and  facial  nerve  that  cross 
it,  and  thereby  expose  the  buccinator  muscle. 

464.  THE  BUCCINATOR  (figs.  641,  657)  makes  a  large  part  of  the  lateral 
wall  of  the  vestibulum  oris ;  it  arises  from  the  outer  surfaces  of  the  bases  of  the 
alveoli  of  the  two  hinder  molar  teeth  in  both  upper  and  lower  jaws,  and  from 
the  pterygo-mandibular  ligament  which  intervenes  between  the  jaws,  and 
which  has  been  already  partially  seen  (p.  579),  and  which  in  life  may  be  felt 
by  passing  the  finger  internal  to  the  coronoid  process  of  the  lower  jaw.  The 
fibres  pass  forwards  in  the  substance  of  the  cheek  to  the  angle  of  the  mouth 
where  they  decussate  as  has  been  described  (p.  537). 

On  its  surface  lie  the  facial  vein  and  artery,  the  branches  of  the  facial  and 
buccal  nerves  and  artery,  and  the  buccal  mass  of  fat.  It  is  supplied  by  the 
facial  nerve,  and  pierced  by  the  buccal  (sensory)  branch  of  the  inferior  maxillary 
nerve,  which  is  distributed  to  the  mucosa  beneath  it. 

465.  THE  CAVITY  OF  THE  MOUTH  (cavum  oris)  is  the  space  bounded 
above  by  the  hard  palate,  in  front  and  laterally  by  the  teeth  and  gums,  behind 
by  the  soft  palate,  its  arches  and  the  opening  bounded  by  them  into  the  pharynx 
(isthmus  faucium),  and  below  by  the  tongue  and  the  sublingual  floor.  The  space 
is  lined  by  mucosa,  continuous  behind  the  last  molar  tooth,  and  by  the  inter- 
dental bridges  of  gum,  with  that  of  the  vestibule.  It  is  only  a  slit-like  cavity 
when  the  mouth  is  closed.  Its  cavity  can  be  seen  from  the  opened  vestibule  by 
depressing  the  lower  jaw. 

The  bounding  surface  consists  of  four  areas,  (1)  the  sublingual  floor,  (2)  the 
tongue,  (3)  the  hard  palate,  and  (4)  the  soft  palate  and  its  arches. 

466.  THE  SUBLINGUAL  FLOOR  consists  of  the  parts  on  each  side  and 
in  front  of  the  tongue  included  within  the  horseshoe  of  the  lower  jaw.  Its 
mucous  surface,  shown  by  raising  and  pushing  backwards  the  tongue,  presents 
several  noteworthy  appearances.  In  the 
middle  line  there  is  a  mucous  fold,  the 
frsenum  linguae,  reflected  from  the  floor 
on  the  under  side  of  the  tongue.  This  is 
sometimes  continued  farther  forward  than 
usual,  in  which  case  the  tongue  is  said  to 
be  tied  and  the  speech  is  lisping,  a  con- 
dition easily  remedied  by  snipping  its  free 
border  with  a  blunt-pointed  pair  of  scissors. 
Below  and  on  each  side  is  a  rough,  uneven 
Sublingual  fold,  converging  to  its  fellow 
in  front,  and  pierced  by  the  ducts  of  the 
sublingual  gland.  At  its  anterior  and  outer 
part  on  each  side  of  the  frsenum  is  a  distinct  firm  tubercle,  the  papilla  SUD- 
maxillaPis,  upon  which  the  submaxillary  duct  opens. 

On  the  under  surface  of  the  foetal  tongue  are  two  thin  and  fringed  ridges,  the  pliese 
flmbPiatse,  homologues  of  the  soft  nonmuscular  under-tongue  of  the  lemurs.  These  become 
obscure  or  else  they  completely  disappear  in  the  adult. 

The  dissection  of  the  deeper  structures  in  the  floor  of  the  mouth  should  be  made  from 
below.  Accordingly,  the  head  being  forcibly  drawn  backwards  and  a  little  to  the  opposite 
side  and  the  larynx  downwards,  the  parts  beneath  the  chin  are  in  a  position  to  be  dissected. 


Fig. 


genio-glossus. 


fimbriated  plica, 
sublingual  fold. 


frsenum. 


661. — Folds  of  mucous  membrane 
under  the  fretal  tongue. 
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Already  the  anterior  belly  of  the  digastric  has  been  shown  by  the  removal  of  the  skin, 
platysma,  and  fascia  which  covered  it  (p.  556).  This  muscle  should  be  reviewed,  its  nerve  (a 
branch  of  the  mylo-hyoid  division  of  the  inferior  maxillary)  cleaned  and  divided,  and  it  should 
then  be  reflected  from  its  mandibular  attachment.  The  submaxillary  gland  which  lies 
external  to  it  should  be  gently  raised  from  its  bed  and  drawn  backwards,  together  with  the 
facial  artery  and  thereby  the  surface  of  the  subjacent  muscle  is  shown. 

467.  MYLO-HYOID  (fig.  658,  18),  a  thin,  flat,  three-edged  muscle,  uniting 
in  a  median  raphe  with  its  fellow  and  so  forming  a  floor  for  this  region,  arises 
by  short,  tendinous  fibres  from  the  mylo-hyoid  ridge  on  the  mandible,  extending 
from  the  level  of  the  last  molar  nearly  to  the  side  of  the  symphysis.  Its  fibres 
descend  inwards  to  the  median  raphe,  its  hinder  fibres  being  inserted  into  the 
body  of  the  hyoid  bone. 

The  lower  surface  of  this  muscle  is  covered  by  the  digastric  and  its  nerve, 
the  inside  of  the  mandibular  ramus  and  the  submental  artery,  the  submaxillary 
gland,  fascia,  and  skin.  Its  nerve  of  supply,  from  the  inferior  maxillary,  enters 
it  superficially.  Around  its  free  hinder  border  a  part  of  the  submaxillary 
gland  passes  to  get  under  cover  of  the  muscle. 

Detach  the  mylo-hyoid  from  the  mandible,  and  from  the  median  raphe,  and  reflect  it 
backwards  and  inwards  towards  its  hyoid  attachment.  The  parts  exposed  beneath  it  are  the 
stylo-glossus,  genio -hyoid,  genio-glossus,  and  hyo-glossus  muscles,  the  lingual  branch  of  the 
fifth  nerve,  the  hypoglossal  nerve,  the  sublingual  plexus  of  veins,  submaxillary  duct,  sub- 
lingual gland,  and  the  mucous  membrane. 

The  mylo-hyoid  and  anterior  belly  of  the  digastric  are  separated  portions  of  the  median 
mandibular  muscle,  and,  with  the  temporal,  pterygoid,  and  masseter,  make  up  the  fifth-pair 
system  of  muscles. 

468.  GENIO-HYOID  (figs.  658,  19  ;  662),  on  each  side  of  the  median  line 
immediately  under  cover  of  the  mylo-hyoid,  arises  by  a  narrow  tendinous  origin 
from  the  inferior  genial  tubercle  on  the  mandible.  The  two  muscles  run  parallel, 
and  are  contiguous,  separated   by  a  narrow  median  plane  of  areolar   tissue ; 

they  are  inserted  into  the  upper 
and  anterior  facets  on  each  side 
of  the  body  of  the  hyoid  bone. 
Its  nerve,  which  enters  it  exter- 
nally from  the  hypoglossal,  is 
derived  from  the  cervical  con- 
tingent of  fibres  which  that 
nerve  has  received  from  the  first 
cervical  (fig.  627,  ge).  Its  blood 
supply  comes  from  the  sub- 
mental artery. 

This  is  a  portion  of  the  same 
medio-ventral  muscular  mass  as  that 
of  which  the  infrahyoidean  muscles 
are  segmentations,  and  with  which 
it  is  associated  by  its  innervation 
(P-  544)- 

The  deeper  muscles  which 
form  the  rest  of  the  floor  of  the 
mouth  belong  to  a  separate 
system,  being  supplied  by  the 
hypoglossal  nerve. 

469.  STYLO-GLOSSUS  is  a  thin  skew  band  of  muscle  arising  from  the 
styloid  process  near  its  tip,  and  from  the  adjoining  part  of  the  stylo-mandibular 
ligament.  As  it  descends  forwards  it  expands  and  turns  on  itself,  dividing  at 
the  outer  side  of  the  tongue  into  two  slips,  an  upper,  smaller,  which  passes 
internal  to  the  palato-glossus  muscle  and  whose  fibres  enter  the  tongue  nearly 


anterior  bellv  of 
the  digastric. 


genio-hvoid. 


Fig.  662. — Muscles  of  the  side  of  the  tonsrue. 
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transversely  and  near  its  dorsal  surface,  mixing  up  with  the  other  fibres  therein, 
and  a  lower,  larger  band  which  passes  forwards  on  the  surface  of  the  hyo-glossus, 
and  to  some  extent  interlacing  with  its  fascicles  towards  the  tip  of  the  tongue. 
Stylo-glossus  can  retract  the  tongue  and  raise  its  sides,  making  it  transversely 
concave  above. 

470.  HYO-GLOSSUS  (fig.  662),  thin  and  square,  arises  from  the  side  of  the 
basi-hyal  bone  and  the  thyro-hyal  cornu,  and  sometimes  from  the  cerato-hyal.  Its 
fibres  ascend  for  the  most  part  parallel  to  each  other,  the  anterior  diverging  a 
little  forwards,  and  they  are  inserted  into  the  side  of  the  tongue,  where  they 
interlace  with  the  other  fibres  of  that  organ,  especially  with  those  of  the  last  and 
the  palato-glossus  muscles.  Upon  its  surface  the  hypoglossal  nerve,  the  sub- 
Em9 


Fig.  663. — Superficial  dissection  of  the  submaxillary  space  from  below — Bin1,  posterior  oelly 
of  digastric;  Bm'-,  anterior  belly;  *,  basihyal;  I,  sublingual  gland;  2,  submental  artery; 
3,  submaxillary  gland;  4,  facial  artery;  5.  facial  vein;  6,  stylo-maxillary  ligament;  7, 
parotid  gland;  8,  external  carotid  artery;  9,  temporo-maxillary  vein;  10,  ommon 
jugular  vein;  11,  sterno-mastoid*artery  ;  12,  hypoglossal  nerve;  13,  common  carotid; 
14,  superior  thyroid. 

maxillary  duct,  and  the  lingual  nerve  pass  forwards,  and  at  its  insertion  the 
mucous  membrane  of  the  mouth  and  sublingual  gland  overlie  it.  It  lies  upon 
the  middle  constrictor  of  the  pharynx,  the  genio-glossus,  the  lingual  artery,  and 
the  stylo-hyoid  ligament. 

Occasionally,  but  not  often,  the  slip  from  the  cerato-hyal  is  distinct  and  overlies  the 
stylo-glossus.  This  is  then  called  chondro-ylossus.  Still  more  rarely  there  is  a  separate  slip 
from  the  corpus  triticeum  (trhiceo-glossus)  or  from  the  thyro-hyal  cornu.  This  muscle  retracts 
the  tongue  and  renders  its  dorsum  convex  upwards. 

471.  THE  STYLO-HYOID  LIGAMENT  begins  near  the  tip  of  the  styloid 
process  as  a  fine  cartilaginous  filament  enveloped  in  a  fibrous  sheath.  The 
cartilage  usually  ceases  after  a  short  course,  and  the  fibrous  cord  is  continued 
behind  the  stylo-glossus,  in  front  of  stylo-pharyngeus,  across  the  sheath  of  the 
internal  carotid  artery,  to  pass  under  the  hinder  edge  of  the  hyo-glossus.     Here 
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again  a  little  cartilage  usually  reappears,  and  it  is  attached  to  the  tip  of  the  lesser 
cornu  of  the  hyoid  bone. 

It  is  the  rudimentary  epihyal,  and  is  variable  in  its  degree  of  development.  The  middle 
constrictor  takes  origin  from  its  hinder  surface. 

Quite  different  in  its  nature  and  illations  is  the  stylomandibular  liga- 
ment, which  can  also  be  seen  in  the  present  dissection.  It  is  a  process  of  the 
cervical  fascia  dipping  from  the  mandibular  angle  to  the  outer  side  of  the  styloid 
process,  and  it  separates  the  parotid  gland  behind  from  the  submaxillary  gland 
in  front.  Its  inferior  border  is  lost  in  the  cervical  fascia  over  the  hinder  edge 
of  the  submaxillary  gland;  above,  it  sheathes  the  upper  surface  of  the  internal 
pterygoid,  and  is  continuous  through  an  intermediate  thin  lamella  with  the 
spheno-mandibular  ligament.  The  front  of  the  stylo-niandibular  ligament 
gives  an  origin  to  the  stylo-glossus. 

Dissection. — Divide  the  mandible  i  centimetre  from  the  symphysis  and  turn  the  cut 
portion  of  the  body  upwards  (the  ramus  has  already  been  divided),  taking  care  that  the 
mucous  membrane  of  the  mouth  is  uncut. 

The  glands  which  open  into  the  cavum  oris  are  the  submaxillary  and  sub- 
lingual salivary,  the  lingual  and  the  palatine  mucous  glands. 

472.  THE  SUBMAXILLARY  GLAND  (fig.  663,  3)  is  irregularly  rounded 
and  enclosed  in  an  adventitious  capsule  of  areolar  tissue.     It  consists  of  two 


Fig.  664. — Dissection  of  the  sublingual  gland  (i) — 2,  apical  gland  of  Nuhn  ;  3,  lingual  nerve; 
4,  hypoglossal  nerve  ;  5,  sublingual  artery ;  6,  Wharton's  duct ;  7,  duct  of  Bartholin ; 
Gg,  genio-glossus ;  Sg,  stylo-glossus ;  L,  lingualis ;  Hg,  hyo-glossus. 

parts,  an  oval  superficial  lobe,  which  lies  in  the  space  between  the  body  of  the 
jaw,  the  anterior  belly  of  the  digastric  and  the  stylo-maxillary  ligament,  over  the 
mylo-hyoid,  and  the  long,  narrow,  deeper  lobe  which  passes  behind  and  above  the 
mylo-hyoid  and  lies  under  the  mucous  membrane,  on  the  hyo-glossus.  The  jaw 
bone  is  smooth  and  concave  where  it  overlies  it,  and  the  gland  is  covered  only 
by  skin,  platysma,  fascia,  the  facial  vein,  and  a  plexus  of  lymphatics  with  several 
glands.  The  facial  artery  lies  in  a  deep  groove  in  the  gland,  and  gives  off 
branches  to  it,  and  there  are  five  small  glands  receiving  the  superficial  facial 
lymphatics  embedded  in  it  or  lying  upon  it.     The  duct  begins  in  the  centre  of 
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this  mass,  and  passes  with  the  deep  lobe  round  the  hinder  edge  of  the  mylo-hyoid 
muscle  to  appear  on  the  hyo-glossus.  This  tube  (the  duct  of  Wharton)  is  about 
5  cm.  long,  and  when  flattened  about  2  mm.  broad,  with  coats  0-2  mm.  thick. 
It  lies  at  first  between  the  lingual  and  the  hypoglossal  nerves,  but  rises  above 
the  lingual  to  its  termination,  which  is  by  a  narrow  orifice  o'3  mm.  diameter 
on  the  papilla  submax- 
illaris.  The  volume  of 
the  gland  is  7  ccm.,  its 
weight  about  8  grms. 

473.  THE  ^SUB- 
LINGUAL GLAND  is 
also  connected  with  the 
Whartonian  duct.  The 
lobules  of  this  gland 
taken  together  make 
a  long,  narrow,  ovate 
mass,  35  mm.  long, 
directly  beneath  the 
mucous  membrane  of 
the  sublingual  plica. 
The  anterior  end  lies 
close  to  its  fellow  on 
either  side  of  the  frce- 
num  linguce  and  a  little 
in  front  of  it.  Its 
outer    margin    touches 


665. — Structure  of  submaxillary  gland— A,  coarsely  injected, 
showing  acini;  C,  gland  follicles,  with  nuclei;  D,  basketdike 
structure  of  basement  membrane. 


the  smooth  sublingual  area  of  the  lower  jaw,  while 
its  inner  edge  extends  as  far  as  the  genio-glossus,  and  below  it  rests  on  the 
mylo-hyoid.  The  hinder  and  outer  part  forms  one  fairly  large  lobe,  the  anterior 
part  is  broken  up  into  a  cluster  of  six  to  eight  detached  lobules,  each  with  a 
separate  duct. 
The  duct  of  the 
hinder    lobe    (the 

duet  of  Rivini, 

described  also  by 
Bartholin)  runs 
parallel  with  the 
terminal  part  of 
Wharton's  duct, 
and  ends  with  it 
on  the  submax- 
illary tubercle;  it 
is  generally  about 
20  mm.  long  and  1 
mm.  in  diameter. 
Like  Wharton's 
duct  it  has  no  mus- 
cular coat,  but  con- 
sists of  a  strong 
elastic  tunica  pro- 
pria, a  firm  base- 
ment layer  and  a  single  layer  of  columnar  epithelium.  The  six  or  eight 
anterior  ducts  (ducts  of  Walther)  open  separately  in  a  sinuous  line  on 
the  sublingual  plica.  The  innermost  one,  very  seldom  a  second,  opens  into 
Wharton's  duct.  Collectively  the  volume  of  the  gland  is  about  2-5  ccm.,  the 
weight  about  3  grammes. 


Fig.  666. — Innervation  of  the  three  salivary  glands,  diagrammatically 
shown — V.,  fifth  nerve;  0,  ophthalmic  nerve;  S.M.,  superior 
maxillary;  I.M.,  inferior  maxillary;  T,  tongue;  S.,  submaxillary 
gland;  S.L.,  sublingual  gland;  S.G.,  submaxillary  ganglion; 
O.G.,  otic  ganglion ;  P.,  parotid  gland;  S.s.p.,  small  superficial 
petrosal  nerve  ;  J.N.,  Jacobson's  nerve  ;  M.O.,  medulla  oblongata. 
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The  sublingual  is  a  mucous  gland,  the  submaxillary  is  mixed,  some  of  the  acini  being  aqui- 
parous  like  those  of  the  parotid,  while  others  are  muciparous  and  contain  two  sets  of  cells, 
large  mucigenous  cells  each  with  a  flat  nucleus  near  the  cell  foot,  staining  imperfectly  with 
carmine,  and  densely  clustered  smaller  cells  with  oval  nuclei  lying  on  the  basement  and  con- 
stituting the  lunula  of  Gianuzzi  (fig.  46).  Aquiparous  and  muciparous  follicles  are  arranged 
side  by  side,  but  the  former  are  somewhat  in  excess.  Each  gland  receives  an  abundant 
supply  of  sympathetic  nerve  fibres  from  the  plexus  around  the  facial  artery,  and,  in  addition, 
a  cerebro-spinal  supply  from  the  submaxillary  ganglion  derived  from  the  chorda  tympani 
(fig.  666).  In  each  gland  acinus  there  is  a  thick  reticular  basement  membrane  as  in  the 
parotid  (fig.  665),  surrounded  by  a  peripheral  lymph  space.  The  sublingual  saliva  is  sticky, 
rich  in  mucus  and  corpuscles. 

These  salivary  glands  arise  as  pits  in  the  floor  of  the  lateral  sulci  which  isolate  the 
tongue.  The  furrow  immediately  around  the  tongue  (sulcus  submaxillaris)  becomes  at  one 
spot  depressed  into  a  tubular  pit,  which,  by  the  branching  of  its  fundus,  forms  the  sub- 
maxillary gland.  The  sublingual  glands  arise  in  a  second  (sublingual)  sulcus  external  to  the 
submaxillary  by  the  same  process.  They  thus  differ  only  in  degree,  not  in  kind,  from  the 
other  mixed  mucous  and  serous  glands  of  the  floor  of  the  cavum  oris.  These  having  become 
enlarged  have  also  become  condensed  into  solid  masses,  which,  for  convenience  of  packing, 
became  embedded  in  the  parietal  musculature.  The  submaxillary  like  the  parotid  has 
become  fully  specialised.  In  the  sublingual  there  are  parts  in  all  stages,  from  the  single- 
branched  follicle  to  the  complex  mass. 

474.  GENIO-GLOSSUS. — These  thick,  fan-shaped  muscles  make  up  the 
central  portion  of  the  tongue,  and  lie  on  each  side  of  the  middle  plane,  under 
cover  of  the  geniohyoid,  by  the  detaching  of  which  from  the  jaw  its  lower 
border  is  exposed.  It  arises  by  a  tendon  from  the  superior  genial  eminence  of 
the  mandible,  and  from  this  point  its  fibres  radiate,  the  lowest  passing  into  the 
basihyal  above  the  genio-hyoid ;  the  second  series  extend  into  the  glosso- 
epiglottic  frsenunij  and  the  main  mass  of  the  fibres  lie  in  the  middle  of  the 
tongue,  the  foremost  passing  forwards  to  its  tip  (fig.  662). 

By  detaching  the  origin  of  one  genio-glossus  at  a  later  stage  of  the  dissection,  and 
separating  it  from  its  neighbour,  the  connective  septum  lingUSe  is  brought  into  view.  This 
consists  of  a  median  raphe'  of  fibrillar  and  areolar  tissue,  in  which  central  tendinous  inter- 
sections of  transverse  fibres  of  the  tongue  cross  from  side  to  side.  It  is  traversed  by  none 
but  minute  vessels  and  no  nerves,  and,  as  it  extends  through  the  thickness  of  the  organ  as 
far  as  the  submucous  layer,  the  two  sides  of  the  tongue  can  be  injected  separately,  their 
vessels  only  communicating  in  the  mucous  membrane. 

Turn  down  again  the  cut  portion  of  the  mandible,  open  the  mouth,  and  draw  forwards  the 
tongue." 

475.  THE  TONGUE  is  a  specialised  area  of  the  floor  of  the  mouth  wherein 
the  mucosa  is  raised  ou  a  thickening  of  the  muscular  wall  and  beset  with 
sensory  papillae  It  is  thereby  fitted  to  be  an  organ  of  taste,  of  touch,  and  of 
prehension,  while,  by  the  wide  range  of  its  motions  and  its  capacity  of  delicate 
adjustment,  it  can  so  alter  the  shape  of  the  vocal  cavity  as  to  act  as  an  organ 
of  speech.  It  keeps  the  food  between  the  teeth  in  mastication,  and  serves 
to  press  it  backwards  in  the  first  stage  of  swallowing. 

The  tongue  should  be  examined  in  situ  as  it  loses  its  shape  when  cut  out. 
It  presents  a  very  convex  upper  surface,  rising  vertically  in  front  of  the  top  of 
the  larynx,  culminating  opposite  the  molar  teeth,  from  whence  it  slopes  a  little 
downwards  and  forwards.  This  dorsal  surface  is  directed  towards  the  soft  and 
hard  palate,  and  when  the  mouth  is  closed  it  rises  nearly  thereto.  Its  sides 
are  parallel  with  and  close  to  the  arches  of  the  teeth.  The  tongue  consists  of  a 
body,  a  base  placed  behind  and  below,  and  a  free  tip  in  front. 

The  mucous  membrane  covering  the  tongue  is  reflected  in  front  on  the  sub- 
lingual floor;  here  it  presents  certain  plica?  which  have  been  already  described; 
laterally  it  is  reflected  on  the  inner  side  of  the  inferior  alveolar  arch.  At  the 
isthmus  faucium  it  rises  laterally  in  a  sharp  fold,  the  anterior  pillar  of  the 
fauces,  behind  which  it  is  reflected  upwards  on  the  tonsil.  Still  farther 
backwards  are  three  folds  from  the  tongue  to  the  epiglottis,  one  sharp  posterior 
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median,  the  frsenum  epiglottidis,  and  one  blunter  on  each  side,  the  lateral 
g'lOSSO-epig'lottic  fold.  Between  these  on  each  side  of  the  fraenum  is  the 
glOSSO-epiglottie  fossa.  In  volume  the  tongue  is  about  70  ccm.,  and  con- 
tains under  the  mucous  covering  about  a  quarter  of  a  million  muscular  fibres, 
which,  were  they  placed  side  by  side,  would  form  a  muscle  capable  of  raising  a 
weight  of  100  kilogrammes.  The  surface  of  the  mucous  membrane  of  the  tongue 
is  covered  with  a  thick  layer  of  stratified  epithelium,  which  is  constantly  being 
shed  and  renewed;  when  the  process  of  growth  is  increased,  or  when  separation 
is  delayed,  these  accumulate  in  the  form  of  a  coating  on  the  tongue.  Such  a 
coating  is  supplemented  by  fragments  of  food  and  the  growth  of  fungi,  Lepto- 
thrix,  Oidium,  or  Torula,  and  varies  in  colour  according  to  the  nature  of  these,  or 
to  the  presence   of  blood 


glosso-epiglottic 
fossa. 


glands  of  Salter  and  Henle. 


foramen  caxum. 


ralyciform 
papilla. 


fungiform 
papillce. 


or  other  pigment,  hence 
the  appearance  of  the  sur- 
face of  the  tongue  is  im- 
j>ortant  as  an  evidence  of 
the  state  of  the  digestive 
canal.  On  the  dorsum  of 
the  tongue  there  is  a  slight 
depressed  median  raphe, 
which  ends  at  the  level  of 
the  isthmus  faucium  in  a 

small  pit,  the  foramen 

C3BCUIT1 ;  from  this  two 
faint  lateral  grooves  pass 
outwards  towards  the 
points  of  the  anterior 
pillars  of  the  fauces.  In 
front  of  this  V-like  line 
the  mucous  membrane  is 
thickly  beset  with  papillae 
of  two  kinds ;  the  most 
abundant  of  these  are  fili- 
form papillae,  which  are 
somewhat  conoidal  pro- 
cesses of  the  mucosa,  each 
divided  at  its  summit  into 
a  cluster  of  recurved,  hair- 
like processes  covered, 
like  the  rest  of  the  papilhe, 
by  stratified  scaly  epithe- 
lium. These  papilla?  are 
arranged  in  irregular  lines  diverging  forwards  from  the  raphe,  but  becoming 
nearly  transverse  towards  the  tip.  They  cover  the  dorsum  of  the  tongue  and 
become  larger  and  longer  towards  the  upper  half  of  each  lateral  border,  where 
they  appear  in  longitudinal  rows,  and  below  this  they  disappear.  There  are 
about  500  of  these  in  a  sq.  cm.,  and  they  are  from  -4.  to  2  mm.  in  length. 

These  filiform  papillae  are  mainly  prehensile,  they  roughen  the  surface  of 
the  papilla,  and  contain  a  tuft  of  vessels  and  a  double-contoured  nerve  fibre  in 
their  corium.  Many  of  them  are  simple  or  little  branched,  and  are  then  called 
COIlieal  papillae. 

Fungiform  Papillae. — Scattered  among  the  filiform  papillae  are  others  of 
a  different  form.  These  are  rounded  and  thicker,  not  covered  by  hair-like  pro- 
cesses. They  are  usually  bright  red  in  colour,  and  taper  slightly  to  their  point 
of  attachment.     It  is  the  projection  of  these  bright  papillae  through  the  white 
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Fig.  667. — Upper  surface  of  tongue  when  taken  out  and  laid 
flat  on  the  table. 
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fur-coating  of  the  rest  of  the  tongue  in  scarlatina  before  desquamation  that  gives 
its  surface  the  characteristic  "  strawberry  and  cream  "  appearance.  Each  fungi- 
form papilla  is  beset  with  minute  conical  papillulae,  but  its  epithelium  is  nearly 
uniform  in  surface,  usually  bilaminar,  dense,  and  imbricated.  They  are  most 
abundant  at  the  tip  and  sides  of  the  tongue;  those  at  the  sides  are  distinguished 
as  lenticular  papillae,  those  nearer  the  middle  are  conical  fungiform  papilla?. 
In  each  papilla  are  many  vessels  and  double-contoured  nerve-filaments  from  the 
lingual  branch  of  the  fifth  nerve.  These  in  the  former  end  in  taste  buds,  each 
of  which  is  oval,  a  narrow  end  reaching  the  surface,  a  wider  end  resting  on  the 
basement  membrane.  They  average  about  80  //,  in  vertical,  and  35  ix,  in  trans- 
verse diameter.  Each  bud  consists  of  a  series  of  about  thirty  fusiform  or 
flattened  caraway  seed-shaped  support  cells,  sometimes  branched,  and  always 
mJ.  containing  a  roundish  subcentral  nucleus.     These 

ifjfifes.  ,7  form  a  barrel-like  sheath,  within  which  are  three 

\,     >""r-  \v*/         to    fourteen     somewhat    rod-like    gustatory   cells,, 

each  of  which  contains  an  ovate  nucleus,  sur- 
rounded by  a  small  mass  of  protoplasm,  from 
which  a  slender  striated  rod  passes  to  the  free 


secondary  papillae, 
fungiform  papilla. 
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Fig.    668.— Filiform    papillae,         ]-SO?c  ■./      %-  papilla  simplex. 

x  30 — 1,  primary  papilla;  «, 
secondary  papilla  on  its  sum- 
mit; 3,  double  epithelial  pro- 
cess on  papilla ;  Jt,  single 
process,  with  entangled  loose 
epithelial  cells.  Fig.  669.  —  Fungiform  papilla?,  x  30,  lenticular  form. 

end  of  the  bud,  where  there  is  a  gustatory  pore.  The  other  end  is  continued 
into  a  delicate  non-medullated  process,  which  appears  to  become  continuous 
with  a  nerve  fibre  (fig.  671). 

In  addition  to  these,  there  are  numerous  simple  papilla?  over  the  whole 
mucous  membrane  of  the  tongue,  but  they  are  so  small  that  they  do  not  project 
through  the  epithelium  (fig.  669). 

In  front  of  the  anterior  pillar  of  the  fauces,  the  side  of  the  tongue  presents 
a  patch,  whose  borders  are  not  clearly  defined,  and  whose  surface  is  divided  by 
vertical  grooves  into  a  series  of  fine,  but  irregular,  lamellae.  These  are  the 
rudiments  of  papilla?  foliata?,  structures  more  perfectly  developed  on  the 
tongues  of  many  mammals,  such  as  the  hare,  but  they  present  but  few  taste- 
buds  in  the  human  tongue,  and  the  papillae  with  which  they  are  clad  are  called 

papillae  degenerantes. 

Behind  and  parallel  to  the  V-shaped  line  there  is  a  row  of  about  ten  large 
papillae,  the  eircumvallate  papilla?.  Each  of  these  is  conical,  attached  by 
its  apex,  which  is  sunk  in  a  pit.  The  base  of  each  is  beset  with  papillae,  and 
into  each  there  passes  a  branch  of  the  dorsalis  linguae  artery,  and  of  the  glosso- 
pharyngeal nerve.  The  sides  of  each  of  these  papillae  are  closely  beset  with 
taste  buds,  as  are  the  opposed  walls  of  the  pits  into  which  their  apices  are  sunk. 

The  foramen  eseeum  is  the  remains  of  the  embryonic  subtracheal  tube,  the  wall  of 
whose  fundus  has  developed  into  the  thyroid  body  (§  507).  In  42  per  cent,  of  tongues  this 
pit  receives  the  duct  of  a  small  gland. 
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Development. — The  tongue  is  formed  from  the  inedio-ventral  part  of  the  back 
of  the  mandibular  arch,  and  of  the  ventral  ends  of  the  second  and  third  arches  which 
project  on  the  floor  of  the  primitive  mouth.  Behind  the  middle  of  the  mandibular  arch 
there  rises  a  median  eminence,  the  tuberculum  impar,  which  is  separated  from  the 
mandibular  arch  by  a  shallow  submaxillary  groove,  and  from  the  ends  of  the  two  arches 
behind  by  a  deeper  groove,  which  medially 
sinks  into  a  deep  pit,  the  lingual  duct,  from 
the  parts  about  whose  fundus  the  middle  part 
of  the  thyroid  body  arises.  As  growth  pro- 
ceeds, the  ventral  ends  of  the  second  and  third 
arches  on  each  side  coalesce  at  their  inner  ex- 
tremities, and  extend  behind  the  tuberculum 
impar  to  join  their  fellows  of  the  opposite  side, 
between  the  tubercle  in  front  and  the  divided 
median  eminence  behind,  from  which  the  upper 
part  of  the  larynx  arises.  Ultimately,  the  tuber- 
culum becomes  the  body  or  trigeminal  area  of 
the  tongue,  its  fragnum  being  derived  from  its 
primitive  union  with  the  mandibular  arch.  The 
groove  between  the  body  and  the  united  bases 
of  the  second  and  third  arches  behind  become 
the  V-line,  along  which  the  calyciform  papilla? 
develope,  and  the  part  of  the  tongue  behind 
it  is  the  glosso-pharyngeal  area,  innervated  by 
the  nerve  of  the  third  arch.  The  prominent 
front  edge  of  the  second  arch,  as  it  rises  out- 
wards from  the  tongue,  becomes  the  anterior 
pillar  of  the  fauces;  the  hinder  edge  of  the  third 
arch  becomes  the  lateral  glosso-epiglottic  fold  ; 
while  the  shallow  pit,  external  to  the  coalesced 
ends  of  the  second  and  third  arches  and  between 
them,  becomes  the  lower  part  of  the  tonsillitic 
recess.  The  fraenum  epiglottidis  is  a  back-going 
fold  from  the  back  of  the  united  third  arches 
to   the  epiglottis.     The  tuberculum  impar  is  a 

ventral  portion  of  the  hindmost  cranial  or  first  cervical  uietamere,  interjected  upwards 
between  the  ventral  ends  of  the  arches  of  higher  metameres.  It  carries  with  it  its^  innerv- 
ation from  the  twelfth  cranial  nerve. 

Besides  the  extrinsic  muscles,  such  as  genio-glossus,  liyo-glossus,  stylo-glossus, 
and  palato-glossus  (p.  586),  which  enter  the  tongue  from  without,  there  are  in 
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670. — Papillae  foliata?  in  the  rabbit, 
x  80 — I,  V,  primary  and  secondary  septa; 
g,  taste  buds ;  n,  medullated  nerve ;  d, 
aquiparous  gland ;  a,  its  duct ;  M, 
muscular  fibres. 


Fig.  671. — I.  Circumvallate  papillae,  transverse  section — W,  its  free  surface;  N,  its  nerve; 
R,  the  fossa  round  it ;  K,  taste  buds  in  position  ;  v,  wall  in  section.  II.  Taste  bulb — 
K,  under  end ;  E,  free  end  open ;  D,  protective  cells.    III.  d,  protective  cell ;  e,  taste  cell. 

the  substance  of  the  tongue  many  proper  or  intrinsic  fibres  which  run  their 
whole  length  in  its  substance  and  are  closely  connected  by  both  ends  to  the 
mucosa.  They  can  be  traced  most  easily  when  the  connective  tissues  have 
been  softened  by  prolonged  boiling,  and  are  arranged  in  the  following 
series  (fig.  672) : — 

38 
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i.  Stratum  longltudinale  inferior  (ib.,  6),  a  thick  rounded  band  of 

muscle,  extending  from  base  to  tip,  external  to  the  genio-glossus  and  in- 
ternal to  the  hyo-glossus ;  this  bundle  becomes  flattened  and  lateralised  as  it 
passes  forwards. 

2.   Stratum  longitudinale  Superior  (ib.,  io),  extending  from  base  to  tip, 

directly  under  the  mucosa  of  the  dorsum.  These  fibres  lie  internal  to  thehyo-glossus, 

and  the  fibres  are  not  in  a  continuous  series  but  broken  up  into  short  fascicles. 

3-  Stratum    transversum,    over  a    hundred    fascicles,    mixed   with    fat, 

which  pass  from  side  to  side.     They  end  in  the  fibrous  tissue  of  the  septum 

medially,  and  in  the  mucosa  laterally ; 
posteriorly,  these  fibres  are  connected 
with  the  palato-glossus  and  upper 
part  of  the  stylo-glossus  (ib.,  2). 

4-  Stratum  perpendieulare. — 

These  fibres  are  really  oblique,  starting 
above  from  the  mucosa  of  the  dorsum, 
passing  at  first  directly  downwards, 
and  then  turning  a  little  outwards 
to  the  mucosa  of  the  side  and  back. 
These  are  most  numerous  in  the  free 
part  of  the  tongue  (ib.,  8). 

The  several  elements  in  the  lingual  mus- 
culature are  capable  of  a  large  amount  of 
independent  motion,  hence  the  tongue  can 
assume  the  differing  forms  required  for  the 
production  of  consonantal  sounds,  each  of 
which  can  be  anatomically  defined  in  the 
terms  of  the  fibres  necessary  for  its  pro- 
duction. There  is  reason  to  believe  that 
the  musculature  of  the  tongue  varies  in 
different  races  owing  to  the  hereditary 
practice  and  habitual  use  of  certain  mo- 
tions required  for  enunciating  the  several 
vernacular  languages.  For  the  perfect  form- 
ulation of  these,  however,  in  the  equation 
form,  a  more  minute  and  definite  classifi- 
cation of  the  several  sets  of  fibres  is  needed. 
The  transverse  linguales  are  especially  con- 
cerned in  the  enunciating  of  the  L  and  K 
groups  of  sounds,  the  perpendicular  in  the 
production  of  the  T  D  N  series,  and  a  varying  amount  of  the  lateral  perpendicular  fibres  in 
the  sibilant  group.  The  superficial  longitudinal  linguales  are  specially  concerned  in  the  L 
sounds,  and  all  the  longitudinal  fibres  in  the  T  D  N  group,  while  the  lateral  elevators  of  the 
tongue,  stylo-  and  palato-glossus  are  in  strong  action  in  the  production  of  R,  K,  G  hard, 
&c.  Not  that  any  of  these  groups  act  alone ;  each  consonantal  contour  of  tongue  is  due 
to  the  action  of  a  combination  of  fibres  of  different  series,  and  thus  for  each  of  the  55 
lingual  consonantal  contours  required  in  the  enunciation  of  the  260  possible  consonantal 
sounds  there  is  a  distinct  combination  of  muscular  fibres  required  to  act. 

The  special  musculature  of  the  tongue  differentiates  early,  some  of  the  intrinsic  groups 
being  recognisable  at  the  end  of  the  sixth  week.  At  first  the  musculature  is  for  the  most 
part  intrinsic,  but  as  development  progresses  the  extrinsic  muscles,  which  at  first  are  only 
placed  below  and  at  the  margins,  extend  inwards  and  interlace  with  the  proper  fibres. 

All  these  muscular  fibres  are  separated  by  delicate  connective  sheaths  and  by  small,  soft 
fat  cells.  The  fibres  are  rarely  in  right  lines,  most  of  them  are  curved,  even  weakly  spiral, 
and  some  appear  to  be  branched  at  their  extremities. 

The  glands  opening  on  the  surface  of  the  tongue  are  : — 

1.  The  apical  glands  Of  Blandin  or  Nuhn  (fig.  664),  one  on  either  side  of  the  middle 
line  between  the  geniu-glossi  internally  and  the  inner  surface  of  the  stratum  longitudinale  in- 
ferior externally,  and  beneath  the  transverse  fibres.  These  are  made  up  of  both  aquiparous 
and  mucous  acini,  and  each  opens  by  four  ducts. 

2.  EbneP's  glands,  very  small,  aquiparous,  and  ptyalin-secreting  glands,  but  with 
no  processed  cells,  opening  at  the  back  of  the  upper  surface,  along  the  margins  of  the 
circumvallate  papilla?. 
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672. — Coronal  section  of  tongue,  showing 
intrinsic  muscles,  x  2 — 1,  papilla?  of  dorsum; 
2,  stratum  transversum;  3,  septum;  4,  genio- 
glossus;  5,  lingual  artery ;  6,  deep  longitudinal 
lingualis,  cut  through;  7,  fibres  of  hyo-glossus; 
8,  perpendicular  fibres ;  9,  lateral  fibres  of 
stylo  -  glossus  ;  10,  superficial  longitudinal 
fibres. 
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3.  Weber's  glands  (fig.  158),  mucous  glands,  whitish  to  the  eye  and  abundant  near  the 
base  of  the  tongue. 

4.  Middle  marginal  glands,  shallow  follicles,  each  with  a  median  papilla.  They 
extend  forwards  along  the  mucosa  over  the  stylo-glossus. 

5.  Posterior  marginal,  a  larger  series,  forming  a  compact  mass  on  the  surface  behind 
the  stylo-glossus,  internal  to  the  last  molar  tooth  and  to  the  buccinator  crest  on  the  lower 
jaw. 

476.  THE  ANTERIOR  PILLARS  OF  THE  FAUCES  OR  GLOSSO- 
PALATINE  FOLDS  are  two  sharp  crescentic  folds  which  commence  and  pass 
laterally  upwards  and  backwards  from  the  sides  of  the  tongue  to  the  soft 
palate.  Behind  these  a  similar  larger  and  longer,  but  more  closely  approxi- 
mated pair  of  folds,  the  posterior  pillars  of  the  fauces,  can  be  seen  on  looking 
through  the  mouth  at  the  back  of  the  throat.  These  arise  from  the  uvula 
and  descend  backwards  to  the  pharynx.  Between  these  and  the  former  is  a 
somewhat  triangular  fossa,  whose  oblique  base  is  below  at  the  tongue,  the 
tonsillitic  recess.     The  dissection  of  these  must  be  deferred  for  the  present. 

The  soft  palate  (hg-  673)  is  a  duplicature  of  thick  mucous  membrane, 
which  forms  the  hinder  part  of  the  roof  of  the  mouth,  presenting  an  inferior 
concave  or  palatine  sur- 
face, a  superior  convex  or 
nasal  surface,  and  a  down- 
directed  free  border,  in  the 
middle  of  which  hangs  a 
soft,  pointed  process,  the 
UVUla.  On  each  side  of 
the  uvula  the  border  is 
crescentic,  ending  exter- 
nally at  the  pillars  of  the 
fauces.  Between  these  two 
layers  of  membrane  are  con- 
tained muscles  and  glands, 
and  a  central  tough  areolar 
layer,  the  palatine  aponeu- 
rosis. When  the  mouth 
is  shut,  this  partition  is 
nearly  closed,  the  space  be- 
tween it  and  the  back  of 
the  tongue  being  very 
slight.  The  mucosa  on  the 
oral  side,  the  only  part 
which  can  be  seen  at 
present  (and  whose  surface 
the  student  should  examine 
with  a  mirror,  in  his  own 
throat),  is  thinner  than  that 
on  the  dorsal  aspect,  and 
on  each  side  presents  the  openings  of  many  glands.  When  the  epithelium 
is  scraped  off,  these  can  be  seen  as  distinct  holes,  about  100  in  number,  the 
largest  glands  being  at  the  base  of  the  uvula.  In  the  uvula  there  are  about 
twelve  glands  embedded  in  a  soft  connective  tissue,  in  which  lie  some  vertical 
muscular  fibres.  In  its  submucous  layer  are  some  elastic  fibres  which  usually 
hold  its  tip  bent  forwards. 

The  isthmus  faueium  is  the  opening  from  the  cavum  oris  into  the  pharynx, 
bounded  above  by  the  soft  palate,  laterally  by  the  glosso-palatine  folds,  and 
below  by  the  dorsum  of  the  tongue.  Its  transverse  diameter  is  one  half  that  of 
the  cavum,  but  varies  momentarily  with  muscular  action. 


Trachea 


Fig.  673.- 


-Sagittal  median  section  through  mouth 
and  pharynx. 
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The  hard  palate  is  the  concave  vault  within  the  semi-ellipse  of  the  teethr 
whose  mucous  membrane  is  continuous  from  the  gums,  and  closely  tied  to  the 
palatine  periosteum,  with  no  muscularis  mucosae.  The  surface  becomes  deeper 
in  colour,  and  the  submucous  tissue  thickens  towards  the  soft  palate. 

Behind  the  incisor  teeth  is  the  papilla  palatina,  a  somewhat  pear-shaped 
median  area,  upon  which  open  the  rudimentary  canals  of  Stenson.  These  are 
more  easily  seen  on  the  nasal  than  on  the  oral  side,  and  are  often  only  repre- 
sented by  connective  bands  which  pass  into  the  nose  through  the  anterior 
palatine  foramen.  Still  farther  back  the  palate  presents  in  the  foetus  a  series 
of  2  to  4  transverse  ridges  with  somewhat  pectinated  surfaces,  chiefly  made 
up  of  thickened  epithelium,  clothing  papillse  whose  points  are  directed  back- 
wards. These  become  obscure,  and  irregular,  even  at  birth ;  one  usually 
remains  over  the  premaxillary  suture,  one  whole  and  some  broken  folds  behind 
the  incisors  are  presutural,  three  or  four  are  post-sutural.  In  later  life  the 
palatine  surface  becomes  rough  from  the  development  of  secondary  ridgings  on 
the  bone ;  a  median  longitudinal  raphe  often  projects  a  short  distance  behind 
the  palatine  tubercle.  On  the  surface  of  each  side  of  the  hinder  portion  of  the 
hard  palate  are  the  openings  of  about  200  small,  acinous,  mucous  glands,  but 
none  of  these  lie  in  the  median  line.  There  is  no  line  of  demarcation  on  the 
oral  surface  between  the  hard  and  soft  palates. 

477.   EACH  TONSIL  is  a  folded  area  of  mucous  membrane,  averaging  22 

mm.  in  length  by  9  in  width  in  the  male,  but  about  14  mm.  long  by  7  wide  in 

_«w  the  female.     The  surface  is 

-   *  ,   .  "x  very  variable,  sometimes  de- 

(Ja|2§d ?i\    }  pressed    into    one    or    more 

longitudinal  slits,  or  else 
pitted  into  a  series  of  rounded 
holes.  In  the  mucosa  lining- 
each  pit  is  a  group  of  10 
to  12  lymphatic  follicles, 
into  the  recesses  between 
which  small,  acinous  glands 
open.  The  tonsil  is  sur- 
rounded externally  by  a 
fibrous  tunic  connected  with 
the  submucous  layer  of  the 
pharynx.  When  the  inter- 
nal carotid  artery  is  tortuous, 
it  lies  close  to  its  hinder 
and  outer  surface,  separated 
therefrom  by  the  superior 
constrictor  muscle  of  the 
pharynx.  The  external 
carotid  is  not  far  from  its 
outer  surface,  and  a  tortuous 
facial  may  lie  close  to  its 
front  border.  These  facts  must  be  borne  in  mind  when  the  surgeon  is  called 
upon  to  open  a  tonsillitic  abscess.  Prominence  of  the  tonsil  is  clue  to  the 
amount  of  interstitial  connective  tissue  in  the  organ  as  well  as  to  increase  in 
the  size  of  the  glands.  A  normal  tonsil  should  not  project  beyond  the  glosso- 
palatine  fold. 

Sub  pharyngeal  cartilage. — A  nodule  of  hyaline  cartilage,  about  the  size  of  a  small 
grain  of  corn,  is  usual! y  placed  beneath  the  mucous  membrane,  below  and  behind  the  tonsil, 
often  attached  to  the  fibrous  capsule  of  the  tonsil  by  an  areolar  band,  to  which  a  few 
straggling  muscular  fibres  are  attached  ;  it  bounds  the  passage  of  the  glossal  branch  of  the 


Fig.  674. — Single  follicle  of  tonsil,  x  20 — 1,  Cavity  of 
follicle  ;  2,  epithelium  containing  leucocytes  below  and 
in  the  left  nerve  on  the  right;  3,  adenoid  tissue,  /i,  2, 
and  3  portions  of  it  condensed;  4,  fibrous  sheath;  5, 
section  of  duct  of  mucous  gland  ;  6,  blood-vessel. 
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glossopharyngeal  nerve,  and  is  a  rudiment  of  an  upper  portion  of  the  axis  of  the  third  post- 
oral  arch.  The  vessels  of  the  tonsil  are  derived  from  the  tonsillar  branch  of  the  facial,  and 
from  the  ascending  palatine,  as  well  as  from  the  posterior  palatine  branch  of  the  internal 
maxillary  and  dorsalis  linguae ;  its  veins  pass  into  the  pharyngeal  plexus.  Lymphatics  are 
abundant,  arising  around  the  numerous  follicles,  and  passing  downwards  into  the  submax- 
illary lymphatic  glands,  but  the  lymph  spaces  and  tubes  cannot  easily  be  shown  to 
communicate  directly  with  the  follicle. 

A  more  or  less  thick  layer  of  lymphatic  follicles  extends  from  one  tonsil  to  the  other 
tonsil  across  the  back  of  the  tongue,  opening  into  the  numerous  crypt-like  hollows  which  pit 
the  surface  of  this  organ  (fig.  158).  This  streak  is,  however,  on  that  part  of  the  tongue 
which  lies  behind  the  isthmus  faucium,  and  is  consequently  in  the  pharynx.  The  dissection 
of  the  parts  which  underlie  the  mucous  membrane  of  the  hard  and  soft  palate  cannot  be 
proceeded  with  until  a  deeper  dissection  is  made. 

The  tonsils  are  the  first  of  a  large  series  of  lymphatic  follicles  which,  from  this  downwards, 
are  found  in  the  lining  membrane  of  the  alimentary  canal,  out  of  which  immense  numbers  of 
white  corpuscles  wander  into  the  cavity  of  the  tube,  there  to  be  mixed  up  with  the  food. 
These  corpuscles  pass  through  the  capsules  of  the  follicles,  and  between  the  overlying 
epithelial  cells. 

Dissection. — The  auriculo-temporal  nerve  having  been  separated  from  the  back  of 
the  capsule  of  the  lower  jaw,  and  the  ligaments  of  that  joint  having  been  reviewed  ; 
(p.  243),  disarticulate  the  head  of  the  lower  jaw  from  the  glenoid  cavity  and  draw  it 
forwards,  thereby  the  inferior  maxillary  branch  of  the  fifth  nerve  is  shown  as  it  escapes 
from  the  foramen  ovale. 

478.  THE  INFERIOR  MAXILLARY  NERVE.— Within  the  cranium  (§516) 
this  nerve  appears  in  Meckel's  space,  arising  from  the  front,  lower,  and  outer 
part  of  the  Gasserian  ganglion;  the  motor  portion  underlying  the  sensory,  and 
being  at  first  separate  from  it.  As  they  pass  out  the  two  roots  partly  blend, 
forming  the  plexus  of  Santorini.  The  motor  fibres,  however,  keep  for  the  most 
part  on  the  outer  side. 

Having  made  its  exit  from  the  skull  through  the  foramen  ovale  the  inferior 
maxillary  nerve  lies  at  first  under  cover  of  the  external  pterygoid  muscle,  and 
here  it  gives  off  (1)  a  recurrent  branch,  which  ascends  into  the  cranial  cavity 
through  the  foramen  spinosum,  and  is  distributed  by  anterior  and  posterior 
branches  to  the  dura  mater  and  bone,  communicating  with  the  sympathetic 
nerves  round  the  middle  meningeal  arteiy,  and  with  a  recurrent  meningeal 
branch  of  the  otic  ganglion ;  a  small  filament  is  distributed  to  the  upper 
mastoid  cells. 

The  inferior  maxillaiy  trunk  divides,  2  mm.  below  the  skull,  into  an  inferior 
and  a  superior  branch.  The  former  descends  internal  to  the  pterygo-spinous 
ligament,  and  immediately  divides  into  three  branches  : — 

1.  Auriculo-temporal  (sensory). — This  arises  by  two  roots  (fig.  659),  one 
smaller  in  front  and  one  larger  behind  the  middle  meningeal  artery.  These 
unite,  and  the  trunk,  descending  a  little  backwards,  winds  round  the  back  of 
the  capsule  of  the  lower  jaw,  behind  the  condyle  of  that  bone,  internal  to  the 
external  pterygoid  muscle,  and  above  the  internal  maxillary  artery.  From 
thence  it  ascends,  at  first  in  front  of,  then  through,  the  pai-otid  gland,  anterior 
to  the  ear,  and  behind  and  beneath  the  superficial  temporal  artery.  It  receives 
three  small  branches  from  the  otic  ganglion,  which  join  its  roots  before  their 
union.  It  gives  off  (a)  articular  branches  to  the  capsular  ligament  of  the  lower 
jaw ;  (b)  parotid  branches,  with  which  the  secretory  nerve  filaments,  derived 
primarily  from  the  glosso-pharyngeal  nerve  and  received  from  the  otic 
ganglion,  leave  the  nerve  and  are  distributed  to  the  gland  (fig.  666) ;  (c)  two 
meatus  branches,  an  upper  and  lower,  distributed  to  the  skin  lining  the  upper 
and  lower  parts  of  the  outer  ear  tube  respectively,  the  upper  branch  supplying 
also  the  outer  surface  of  the  membrana  tympani ;  both  communicate  with 
branches  of  the  great  auricular  (p.  542) ;  (d)  two  branches  to  the  facial  nerve, 
which  cross  the  temporal  artery  and  blend,  and  are  distributed  with  the 
upper  branches  of  that  nerve;  (e)  anterior  auricular,  lost  on  the  skin  of  the 
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tragus  and  vicinity  of  the  intertragic  notch,  (f)  communicating  with  the 
temporal  branch  of  the  superior  maxillary ;  (g)  the  terminal  branch  ascends 
beneath  the  superficial  temporal  artery  to  the  skin  of  the  temple  on  a  plane  in 
front  of  the  ear  (fig.  625.) 

2.  The  inferior  dental  (fig.  675,  5)  is  the  largest  branch,  and  descends 
between  the  two  pterygoid  muscles,  below  the  auriculo-temporal,  and  posterior 
and  external  to  the  other  branches  of  the  inferior  maxillary.  Having  passed 
between  the  spheno-mandibular  ligament  and  the  neck  of  the  lower  jaw,  below 
the  internal  maxillary  artery,  it  enters  the  inferior  dental  canal  in  the  mandible 
accompanied  by  the  inferior  dental  branch  of  the  internal  maxillary  artery, 
which  passes  below  and  behind  it.  As  it  passes  into  the  canal  it  gives  off  its 
motor  branch,  the  mylo-hyoid  nerve  (fig-  675,  6,  10),  and  its  stem  is  con- 
tinued forwards  and  inwards  in  the  inferior  dental  canal,  with  the  artery  of 


Fig.  675- — Dissection  of  the  inferior  maxillary  nerve ;  the  submaxillary  gland  being  drawn 
downwards  to  show  the  submaxillary  ganglion  (11) — 1,  Gasserian  ganglion;  2,  facial 
nerve  in  the  aqueduct  of  Fallopius ;  3,  great  superficial  petrosal ;  4,  cut  and  reflected 
auriculo-temporal ;  5,  cut  inferior  dental ;  6-10,  mylo-hyoid  nerve  ;  7,  chorda  tympani ; 
8,  branch  of  facial  to  the  digastric  and  stylo-hyoid ;  9,  lingual  branch  of  fifth  ;  12,  sub- 
lingual branches  ;  13,  Wharton's  duct ;  14,  hypoglossal  nerve  ;  15,  communications  of 
lingual  and  hypoglossal  nerves. 

that  name  below  it.  It  gives  off  fine  inferior  dental  branches  from  its  upper 
surface  to  the  pulp  canals  of  all  the  lower  jaw  teeth,  and  gingival  branches  to 
the  lower  gums.  These  nerves  form  in  the  bone  an  infra-alveolar  plexus  before 
they  finally  pass  to  their  destinations. 

Opposite  the  mental  foramen  this  nerve  sends  to  the  surface  a  large  mental 
nerve,  accompanying  the  mental  artery  from  the  inferior  dental  (p.  583),  and 
distributed  by  one  small  twig  to  the  skin  of  the  chin,  and  by  two  larger  branches 
to  the  lower  lip  (fig.  614). 
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The  mylo-hyoid  nerve  (fig.  675,  6-10)  pierces  the  insertion  of  the  spheno- 
mandibular  ligament,  descends  above  or  through  the  insertion  of  the  internal 
pterygoid  muscle  to  the  lower  surface  of  the  mylo-hyoid  muscle  and  the  anterior 
belly  of  the  digastric.  This  nerve  unites  by  a  cross  branch  through  the  mylo- 
hyoid with  a  branch  of  the  lingual. 

3.  The  lingual  nerve  (fig.  675,  9)  is  sensory,  and  descends  at  first  between 
the  two  pterygoid  muscles,  internal  and  in  front  of  the  inferior  dental  nerve. 
It  then  lies  between  the  internal  pterygoid  muscle  and  the  spheno-mandibular 
ligament  on  the  inner  side  of  the  internal  maxillary  artery,  and  finally  it 
descends  on  the  front  surface  of  the  internal  pterygoid,  having  the  body  of  the 
jaw  external  to  it  and  lying  under  the  mucosa  of  the  mouth.  Its  course  is 
curved,  its  concavity  being  directed  upwards  and  forwards,  and  it  lies  in  the 
floor  of  the  cavum  oris  on  the  stylo-  and  hyo-glossus  muscles  (fig.  677,  9),  having 
the  submaxillary  gland  and  mylo-hyoid  muscles  below  and  superficial  to  it. 
Entering  the  side  of  the  tongue,  it  passes  through  the  fibres  of  the  inferior 
lingualis  muscle,  and  is  distributed  to  the  mucosa  through  the  genio-  and  hyo- 
glossi.     It  crosses  beneath  and  to  the  inner  side  of  the  Whartonian  duct. 

Where  this  nerve  lies  superficially  in  the  cavum  oris,  between  the  level  of  the  last  molar 
tooth  and  the  angle  of  the  jaw,  it  is  easily  reached,  and  it  has  been  recommended  to  cut  it 
here  as  a  palliative  in  intractable,  painful  diseases  of  the  tongue. 

It  receives  a  small  communicating  branch  from  the  inferior  dental  close  to 
its  origin,  and  while  it  lies  above  the  internal  pterygoid,  a  little  higher  up  it 
receives  on  its  hinder  side  the  chorda  tyrnpani  nerve  (figs.  675;  677,  12),  which 
descends  forwards  towards  it  from  the  canal  of  Huguier  (p.  220). 

It  gives  off — 1.  Two  communicating  branches  to  the  submaxillary  ganglion. 
Of  these  the  hinder  passes  forwards  and  downwards  into  the  ganglion,  while 
the  second  passes  from  the  ganglion  back  into  the  trunk  of  the  nerve  (fig.  679,  L). 

479.  THE  SUBMAXILLARY  GANGLION  (figs.  675,  n;  677,2;  679,  L)  can 
be  found  by  tracing  the  lingual  nerve  downwards  to  the  back  of  the  submaxil- 
lary gland,  above  and  behind  which  it  lies,  close  to  the  root  of  the  Whartonian 
duct,  and  at  the  level  of  the  last  molar  tooth,  at  the  hinder  border  of  the  mylo- 
hyoid muscle,  being  separated  from  the  mucous  membrane  of  the  mouth  by  the 
trunk  of  the  lingual  nerve.  It  is  a  small  fusiform  ganglion  about  3  mm.  long, 
into  which  the  fibres  from  the  chorda  tyrnpani  for  the  most  part  pass,  together 
with  some  sensory  filaments  from  the  lingual  itself;  sympathetic  fibres  from 
the  plexus  round  the  facial  artery  also  join  it  (fig.  679,  q).  Its  branches  are 
about  four  fine  threads  which  pass  along  the  branches  of  the  Whartonian  duct 
to  the  submaxillary  gland,  conveying  the  secretory  fibres  from  the  chorda 
tyrnpani,  stimulation  of  which  causes  an  increased  flow  of  saliva.  It  also  sends 
off  a  bundle  of  recurrent  fibres  to  the  lingual  nerve,  and  several  communicating 
filaments  to  the  hypoglossal. 

Beyond  the  submaxillary  ganglion  the  lingual  gives  off: — 

2.  A  large  communicating  branch,  which  crosses  the  hyo-glossus  muscle  to 
join  the  hypoglossal  nerve,  bringing  sensory  filaments  to  the  branches  of  that 
nerve. 

3  A  few  mandibular  filaments  pass  to  the  mucosa  of  the  floor  of  the  mouth, 
close  to  the  gums  of  the  molar  teeth. 

4.  A  sublingual  branch,  which  passes  external  to  and  supplies  the  sublingual 
gland,  the  gums,  and  the  mucosa  beneath  the  tongue.  A  few  fibres  of  the 
chorda  tyrnpani  traverse  this  to  the  glands,  but  do  not  form  a  recognizable  sub- 
lingual ganglion. 

5.  The  terminal  branches,  which  traverse  the  muscles  to  the  superficial 
mucosa  of  the  tongue,  are  numerous,  and  end  in  the  papillae  of  the  sides, 
back,  and  tip.     Most  of  them    are  nerves   of  common  sensation,   but  a  few 
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contain  gustatory  fibres,  derived  through  the  chorda  tympani  from  the  glosso- 
pharyngeal. 

480.  III.  THE  SUPERIOR  BRANCH  OF  THE  INFERIOR  MAXILLARY 

is  smaller,  and  for  the  most  part  composed  of  motor  fibres.  It  passes  above 
and  external  to  the  pterygo-spinous  ligament,  and  divides  almost  at  once  into 
five  branches — 

i.  Internal  Pterygoid  Nerve. — This  arises  from  its  anterior  and  inner 
side  and  usually  passes  close  to  the  otic  ganglion  (fig.  676,  6),  descending  to  the 
inner  surface  and  upper  part  of  the  muscle  to  which  it  is  distributed.  On  its 
way  thither  it  gives  off — (a.)  nerve  to  the  tensor  palati,  which  turns  downwards 
and  forwards  immediately  below  the  otic  ganglion  (ib.,  7),  and  enters  this 
muscle  on  its  hinder  and  inner  side ;  (b.)  nerve  to  the  tensor  tympani,  which 
crosses  the  inner  side  of  the  otic  ganglion,  but  is  unconnected  with  it,  and 
supplies  the  tensor  tympani  within  its  canal  (ib.,  9);  (c.)  the  motor  root  to  the 
otic  ganglion. 

2.  Buccal  nerve  arises  external  to  the  last  nerve,  and  is  the  only  sensory 
branch  of  this    division.     It    usually   escapes  between  the   two  heads  of  the 

external  pterygoid  muscle  and 
descends  forwards  close  to  or 
piercing  the  front  border  of 
the  temporal  tendon,  from 
whence  it  passes  beneath  the 
buccal  pad  of  fat  to  the  outer 
surface  of  the  buccinator ; 
here  it  divides  into  two  sets 
of  filaments,  a  superficial 
which  pass  to  the  skin  of  the 
cheek,  a  deeper  set  to  the 
mucosa  of  the  cheek.  It  is 
accompanied  by  the  buccal 
branch  of  the  internal  max- 
illary artery  (p.  583).  It 
communicates  with  filaments 
of  the  infraorbital,  of  the 
lingual,  and  of  the  facial 
nerve. 

3.  External  pterygoid 

nerves,  a  cluster  of  filaments 
arising  external  and  posterior 
to  the  buccal  as  it  is  about 
to  pierce  the  pterygoid  muscle, 
and  is  distributed  to  itsmuscle. 

4-  Anterior  deep  tem- 
poral arises  a  little  in  front 
of  the  buccal,  and  turns  up- 
wards upon  the   great  wing 
of  the    sphenoid,  above   the 
outer    pterygoid    muscle,    to 
end  in  the   anterior  part  of 
the  temporal  muscle. 
5-    Posterior    deep    temporal    is   larger,    and   passes    behind    the    other 
branches  close  to  the  temporal  bone,  which  it  often  grooves,   and   above   the 
external  pterygoid   muscle.       It    divides    behind    the    temporal   tendon    of   the 
muscle  into  two  branches — (a.)  masseteric,  which  passes  outwards  through  the 


676. — The  otic  ganglion,  6-' — 1,  lesser  superficial 
petrosal ;  2,  branches  to  the  auriculo-temporal ;  3, 
chorda  tympani ;  4,  lingual  of  fifth  pair;  5,  branch 
to  the  chorda  tympani ;  6,  internal  pterygoid  nerve ; 
7,  branch  to  tensor  palati ;  8,  branch  to  Meckel's 
ganglion ;  9,  nerve  to  the  tensor  tympani ;  10,  recur- 
rent meningeal  of  inferior  maxillary. 
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sigmoid  notch  to  enter  the  deep  surface  of  the  masseter  muscle;  (b.)  posterior 
temporal,  which  ascends  over  the  crista  infratemporalis,  and  divides  into  two 
branches  to  supply  the  hinder  part  of  the  temporal  muscle. 

481.  THE  OTIC  (ARNOLD'S)  GANGLION  (fig.  676),  a  flattened  oval  body 
4  mm.  long,  which  lies  with  its  long  axis  sagittally  disposed  beneath  the 
foramen  ovale  on  the  inner  side  of  the  trunk  of  the  inferior  maxillary  nerve, 
and  surrounding  the  root  of  the  internal  pterygoid  nerve.  It  receives  three 
roots — one  motor,  often  plexiform  from  the  internal  pterygoid  nerve ;  a  second 
sensitive  or  probably  mixed,  the  lesser  petrosal  which  emerges  to  join  it  from  a 
perforation  in  the  hinder  border  of  the  ali-sphenoid,  and  conveys  to  it  filaments 
from  the  glosso-pharyngeal  (fig.  679)  ;  a  third,  or  sympathetic  root,  which  comes 
from  the  plexus  around  the  middle  meningeal  artery,  but  it  is  doubtful  whether 
these  filaments  really  end  in  the  ganglion  as  they  seem  to  end  in  the  wall  of 
the  meningea  parva  artery. 

The  branches  arising  from  the  otic  ganglion  are — (1)  filaments  to  the 
auriculo-temporal  (p.  597);  (2)  filaments  to  the  chorda  tympani,  most  of  which 
pass  peripherally  in  that  nerve  to  the  tongue,  a  few  probably  run  backwards 
to  join  the  facial  trunk ;  (3)  three  fine  branches  which  join  the  buccal  nerve  ; 

(4)  a  very  fine  communicating  branch  to  the  nerve  to  the   tensor  tympani; 

(5)  a  branch  which  traverses  a  minute  canal  in  the  sphenoid  from  the  foramen 
ovale  inwards  to  join  the  recurrent  meningeal  branch  of  the  inferior  maxillary 
nerve ;  (6)  a  fine  communicating  branch  which  enters  the  Vidian  canal  and 
passes  to  end  in  the  spheno-palatine  ganglion. 

482.  THE  HYPOGLOSSAL  (fig.  677,  8),  the  twelfth  cranial  nerve,  can  be 
traced  upwards  in  the  present  dissection  almost  to  its  aperture  of  emergence, 
the  anterior  condyloid  hole ;  within  the  cranium  its  twelve  or  fourteen  bundles 
of  filaments  can  be  seen  uniting  into  two  clusters  which  pierce  the  dura  mater 
separately  and  unite  in  the  anterior  condyloid  foramen  into  one  cord.  As  it 
emerges  from  the  skull  it  lies  deeply  in  the  neck  and  passes  between  the  internal 
jugular  vein  and  the  internal  carotid  artery  (fig.  663).  The  hypoglossal  is  at 
first  internal  and  posterior  to  the  vagus,  to  which  it  is  closely  united  by  a  con- 
nective sheath  ;  but  it  soon  passes  external  to  that  nerve,  and  then  descends 
forwards  under  the  hinder  belly  of  the  digastric  and  the  stylo-hyoid  muscles, 
and,  having  hooked  round  the  sterno-mastoid  branch  of  the  external  carotid, 
or,  in  its  absence,  the  occipital  artery,  it  turns  forwards  superficially  over  the 
external  carotid  and  facial  arteries  beneath  the  tempbro-maxillary  and  facial 
veins.  Passing  beneath  the  submaxillary  gland  and  the  mylo-hyoid  muscle,  it 
crosses  the  hyo-glossus  below  Wharton's  duct  to  enter  the  tongue,  wherein  it 
lies  internal  to  the  lingual  artery,  between  the  lingualis  and  genio-glossus 
muscles. 

The  hypoglossal  is  the  motor  nerve  to  the  muscles  of  the  tongue,  and  is  a  cervical  nerve 
in  lower  vertebrates.  Even  in  man  it  preserves  its  cervical  connections  which  are  essentially 
united  with  the  branchings  of  the  cervical  plexus  (fig.  627).  At  its  exit  from  the  skull  it 
consists  of  over  5,000  large  nerve  fibres.  In  the  early  embryo  this  nerve  is  remarkable  for 
its  enormous  proportional  size. 

The  hypoglossal  receives,  immediately  below  the  condyloid  foramen — (1)  an 
ascending  loop  of  communication  from  the  first  and  second  cervical  nerves, 
which  comes  off  close  to  the  exit  of  the  anterior  branch  of  the  first  cervical 
nerve.  The  course  of  the  fibres  of  this  loop  have  been  already  traced  (p.  544). 
A  centripetal  twig  ascends  into  the  nerve  root  from  the  first  cervical,  but  its 
ending  is  uncertain ;  (2)  a  branch  from  the  vagus  which  passes  downwards  into 
the  stem  of  the  nerve ;  (3)  lower  down,  where  it  lies  beneath  the  mylo-hyoid,  it 
receives  a  communication  from  the  lingual  branch  of  the  fifth  before  described. 
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The  hypoglossal  nerve  gives  oft' — i.  A  white  ramus  commuuicans  to  the 
superior  cervical  sympathetic  ganglion. 

2.  A  recurrent  branch,  which  ascends  through  the  anterior  condyloid 
foramen,  and  is  distributed  to  the  dura  mater  lining  the  occipital  bone. 

3.  The  afferent  branches — descendens  noni,  thyro-hyal,  and  genio-hyoid — 
have  been  already  described  as  cervical  branches  (p.  544),  but  it  is  probable 
that  they  carry  with  them  as  well  some  genuine  hypoglossal  filaments. 

4.  The  terminal  branches  have  been  already  seen  breaking  up  to  supply 
the  stylo-glossus,  hyo-glossus,  genio-glossus,  and  the  several  series  of  intrinsic 
lingual  fibres  (fig.  677). 

Dissection.  —The  posterior  belly  of  the  digastric,  if  not  already  divided,  may  now  be 
reflected  backwards,  and  the  external  carotid  divided  close  to  the  origin  of  its  temporal 
branch,  and  thrown  downwards  and  forwards,  the  occipital  and  posterior  auricular  branches 
being  also  cut. 

483.  THE  STYLO-PHARYNGEUS  MUSCLE  (fig.  684)  thus  exposed  arises 
from  the  base  and  inner  surface  of  the  styloid  process  by  short  tendinous  fibres, 

and  descends  a  little  forwards  and 
inwards  to  enter  the  wall  of  the 
pharynx,  under  cover  of  the  edge  of 
the  middle  constrictor.  It  is  inserted 
partly  into  the  hinder  edge  of  the 
thyroid  cartilage,  partly  into  the  hinder 
wall  of  the  pharynx,  and  partly  into 
the  lateral  edge  of  the  epiglottis  inter- 
nally. This  muscle  intervenes  be- 
tween the  internal  and  external  car- 
otid arteries.  The  glosso-pharyngeal 
nerve  winds  round  it  from  behind  for- 
wards, and  supplies  it;  and  lower  down 
this  muscle  separates  the  middle  from 
the  inferior  constrictors  of  the  pharynx. 


Fig.  677. — Dissection  of  the  three  nerves  of 
the  tongue,  showing  their  curved  courses 
and  terminations — 1,  mandible  ;  2,  hyoid 
bone ;  3,  internal  carotid ;  4,  lingual 
artery  ;  5,  genio-glossus  ;  6,  hyo-glossus  ; 
7,  stylo-glossus;  S,  hypoglossal  nerve;  9, 
lingual  branch  of  fifth  nerve  ;  10,  glosso- 
pharyngeal nerve  ;  11,  facial;  12,  chorda 
tympani. 


The  three  styloid  muscles  thus  appear  to 
belong  to  different  systems  and  differ  in  their 
innervation  (see  pp.  557,  586).  The  stylo- 
glossus is  separated  from  the  stylo-pharyn- 
geus  by  the  ascending  palatine  artery,  and 
the  stylo-hyoid  from  the  two  deeper  muscles 
by  the  external  carotid. 
Dissection. — The  styloid  process  is  now  to  be  divided  at  its  base  with  the  bone  forceps, 

and  thrown  downwards  and  forwards,  thereby  the  internal  carotid  in  its  first  or  cervical 

stage  is  exposed. 

484.  THE  INTERNAL  CAROTID  ARTERY  (fig.  678),  the  cervical  con- 
tinuation of  the  dorsal  aorta  upwards,  is  the  channel  for  the  supply  of  arterial 
blood  to  the  chief  part  of  the  brain  and  the  orbit,  and  pursues  a  singularly 
tortuous  course  upwards.  It  may  be  divided  into  three  stages — cervical,  intra- 
osseous and  intra-cranial.  This  vessel  is  embryonically  much  larger  than  the 
external  carotid,  but  as  age  advances  towards  maturity,  the  external  carotid 
gradually  enlarges  until  the  two  branches  become  nearly  equal.  The  internal 
carotid  arises  from  the  bifurcation  of  the  common  carotid  (p.  557)  opposite 
the  third  cervical  vertebra?  or  the  superior  cornu  of  the  thyroid  cartilage, 
and  in  its  first  stage  ascends  tortuously  to  the  foramen  caroticum  in  the 
petrous  bone.  It  is  at  first  curved  with  an  outward  convexity,  and  lies  external 
to  the  external  carotid.  Nearer  the  skull  it  has  a  slight  sagittal  curve,  with  its 
concavity  forwards.  It  lies  on  the  vertebral  column,  the  rectus  capitis  anticus 
major,  and  the  superior  cervical  ganglion  of  the  sympathetic,  from  which  it  is 
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separated  by  the  superior  laryngeal  nerve.  Still  higher  the  hypoglossal,  glosso- 
pharyngeal, and  vagus  nerves  pass  behind  it,  separating  it  from  the  internal 
jugular  vein.  This  vein  lies  at  first  to  its  outer  side,  but  close  to  the  skull 
becomes  posterior  and  external.  To  its  inner  side  lie  the  pharynx,  tonsil,  and 
ascending  pharyngeal  artery,  and  it  is  covered  by  the  digastric  and  stylo-hyoid 
muscles,  the  external  carotid,  the  stylo-glossus  and  stylo-pharyngeus  muscles, 
the  hypoglossal  and  glossopharyngeal  nerves,  occipital  artery,  the  parotid 
gland,  and  the  ascending  palatine  artery.  At  the  base  of  the  skull  the  Eustachian 
tube  and  the  levator  palati  overlap  it.     No  branches  arise  in  this  first  stage. 

485.   INTERCAROTIC  BODY.— Between  the  external  and  internal  carotid 
arteries  there  is  a  tough,   elongated,   greyish   body,  made  up  of  fine   blood- 
vessels   from    the  common 
and  external  carotid,  a  few  \ii 

non-medullated  nerves  and 
ganglion  cells,  and  a  mass 
of  connective  tissue.  This 
is  the  remains  of  a  vascular 
rete,  probably  that  of  the 
second  visceral  cleft  (fig. 
678). 

The  remaining  portion  of  the 
internal  carotid  can  only  be  seen 
in  a  later  dissection  (p.  680). 

The  deeper  nerves  of  the 
side  of  the  neck  may  now  be  con- 
veniently examined,  although 
some  of  their  relations  at  the 
base  of  the  skull  will  be  better 
seen  at  a  little  later  stage. 
The  pharyngea  ascendens  artery 
(p.  562)  can  also  be  seen  at 
present. 


vagus. 

carotid  branch 
of  sympathetic. 


ititcrcarotic 
body. 

cord  of  symp. 
vagus- 
sup,  cardiac. 


sympathetic. 

pharyngeal  branch  of  vagus. ,' 


ext.  carotid.   ] 

■  pharyngeal  branch 
of  vagxis. 

branch  to  inf.  con- 
strictor, 
inf.  pharyngeal. 

suj>.  laryngeal. 


laryngeal  br.  of 
sympathetic. 


Fig. 


thyroid  br.  of  symp. 


common  carotid. 
678. — Hinder  view  of   the  bifurcation   of  the  right 
common  carotid  artery. 


486.  THE  GLOSSO- 
PHARYNGEAL NERVE, 
OR   NINTH   CRANIAL 

(figs.  677,  10;  679),  leaves 
the  cranial  cavity  through 
the  middle  division  of  the 
jugular  fossa  in  the  form 
of  two  cords.  These  are 
separated  from  the  tenth  and  eleventh  nerves  by  a  fine  bridge  of  dura  mater, 
and  unite  in  the  jugular  hole  to  form  a  gangliform  swelling,  the  ganglion 
jugflllare  (Ehrenritter's  ganglion),  which  lies  inferiorly  at  the  foremost  part  of 
the  jugular  foramen.  As  the  nerve  escapes  extracranially  it  enlarges  into  a 
distinct  ganglion,  the  petrosal,  or  Andersch's  ganglion  (of  which  indeed 
the  superior  or  jugular  ganglion  is  only  a  premature  lobe,  not  a  separate 
structure).  This  is  a  small,  somewhat  rounded,  mass,  about  4-2  mm.  long, 
which  lies  in  a  small  pit  in  the  petrous  bone  (fig.  679).  The  trunk  of  the  nerve 
below  the  ganglion  passes  between  the  internal  jugular  vein  and  the  internal 
carotid  artery,  then  between  the  outer  side  of  the  internal  carotid  artery  and 
the  overlying  stylo-pharyngeus  muscle.  It  then  winds  round  the  stylo-pharyn- 
geus from  behind  and  without  to  its  forward  and  inner  side,  forming  a  curve 
whose  concavity  is  upwards  and  inwards,  nearly  parallel  to,  deeper  than,  and 
between  the  curves  of  the  two  other  nerves ;  passing  to  the  tongue,  it  finally 
descends  beneath  the  border  of  the  tonsil   and  subtonsillar  cartilage   to  the 
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mucous  membrane  of  the  tongue,  below  and  internal  to  the  anterior  pillar  of 
the  fauces,  to  end  in  the  lingual  mucosa  in  and  around  the  circumvallate 
papillae  (tig.  679,  U). 

The    branches  of  the  glossopharyngeal    nerve  pursue  many  and    devious 


Fig.  679. — Schematic  view  of  the  fifth  nerve  and  its  connections— 3,  third  nerve;  5,  Gasserian 
ganglion  of  fifth;  6,  sixth  nerve  ;  7,  seventh  nerve  ;  9,  ninth  nerve  ;  s,  superior  ganglion 
of  sympathetic;  i,  chorda  tympani ;  K,  lingual  branch  of  fifth;  m,  otic  ganglion;  q, 
sympathetic  root  for  submaxillary  ganglion,  L  ;  M,  submaxillary  gland  ;  U,  calyciform 
papilla?.  —  (For  other  references  see  §§  532,  537.) 

•courses,  and  cannot  be  seen  in  any  one  dissection.     They  may  be  grouped  into 
those  arising  from  the  ganglion  of  Andersch  and  those  from  the  nerve  itself. 

The  branches  of  other  nerves  which  pass  to  join  the  glosso-pharyngeal  at 
the  ganglion  of  Andersch  are  (1)  a  few  fine  filaments  from  the  facial  which  join 
the  tympanic  plexus,  and   pass   backwards  along  the  tympanic  nerve  to  the 
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ganglion.  (2)  The  carotico-tympanic  which  springs  from  the  outer  branch  of 
the  carotic  plexus,  and  pierces  through  the  wall  of  the  vei'tical  part  of  the 
carotid  foramen  to  enter  the  tympanum,  within  which  it  joins  the  tympanic 
nerve.  (3)  Motor  branches  from  the  eleventh  pair,  these  enable  it  to  innerv- 
ate some  muscles. 

Arising  from  the  ganglion  are  the  following  branches  : — 

1.  Tympanic  or  Jaeobson's  Nerve  (fig.  679,  x). — This  ascends  through 

a  minute  tympanic  canaliculus  on  the  anterior  wall  of  the  jugular  fossa, 
where    it    is    surrounded    by    a    pseudo-ganglionic    enlargement,    the    COrpilS 

/l 


Fig.  680.  —  Section  of  corpus  tympanicum  around  (6)  the  tympanic  branch  of  the  glosso- 
pharyngeal in  its  canal,  x  200 — 1,  capillaries  ;  2,  small  vein  ;  3,  larger  vein  ;  4,  tympanic 
branch  of  pharyngea  ascendens  artery;  5,  cells  in  parenchyma  of  body;  6,  tympanic 
nerve  ;  7,  small  branch  beside  main  stem ;  8,  bony  boundary. 

tympanicum  of  vessels  and  connective  tissues.  It  enters  the  cavity  of 
the  tympanum  where  it  lies  in  a  groove  on  the  wall  of  the  promontory. 
From  this  it  is  continued  upwards  as  the  lesser  superficial  petrosal  nerve, 
which  passes  out  through  the  superior  tympanic  canaliculus  into  the 
middle  fossa  of  the  cranium,  and  thence  through  the  innominate  canal  to  the 
otic  ganglion.     In  the  course  of  this  nerve,  from  the  ninth  to  the   fifth,  are 
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conveyed  (a.)  the  secretory  fibres  to  the  parotid  and  (b.)  gustatory  fibres  to  the 
chorda  tympani,  as  well  as  (c.)  sensory  fibres  to  the  lining  of  the  Eustachian 
tube,  and  (d. )  a  branch  derived  from  the  tympanic,  united  with  accessory  fibres 
from  the  carotico-tympanic,  which  passes  through  the  minute  canaliculus 
petrosus  into  the  outer  wall  of  the  horizontal  part  of  the  carotid  canal, 
and  there  joins  the  carotid  plexus  and  usually  also  the  great  superficial 
petrosal.  This  is  the  nervus  petrosus  profundus  minor.  (e.)  Fine  branches 
pass  to  the  lining  mucous  membrane  of  the  tympanum,  one  to  the  fenestra 
rotunda,  one,  often  bearing  ganglion-cells,  to  the  fenestra  ovalis,  and  one  to  the 
membrane  lining  the  mastoid  antrum. 

2.  Below  the  tympanic  are  two  fine  communicating"  threads  to  the 
jugular  ganglion  of  the  vagus,  and  one  fine  filament  which  unites  with  the 
auricular  branch  of  the  vagus  (fig.  679,  tt). 

3.  One  communicating"  filament  passes  to  the  outer  part  of  the  carotid 
plexus  of  the  sympathetic,  immediately  above  the  superior  cervical  ganglion. 

The  trunk  of  the  glosso-pharyngeal  receives  below  the  ganglion  a  peripheral 
motor  twig  from  the  styloid  branch  of  the  facial  nerve  (ib.,  s),  which  blends  with 
it,  and  thus  enables  it  subsequently  to  innervate  certain  muscles. 

The  trunk  of  the  glosso-pharyngeal  gives  off  the  following  branches  :  — 

1.  Pharyngeal  branches,  at  least  two,  a  slightly  smaller  superior  and  a 
larger  inferior ;  the  former  of  which  unites  on  the  surface  of  the  superior 
constrictor  with  the  pharyngeal  branches  of  the  vagus  and  sympathetic,  and 
form  a  pharyngeal  plexus,  from  which  muscular  and  sensory  branches  are 
distributed  to  the  pharynx.  The  inferior  passes  into  the  lower  portion  of  the 
plexus,  and  is  entirely  distributed  to  the  mucous  surface  of  the  pharynx. 

2.  Muscular  branches  to  the  stylo-pharyngeus  and  to  the  mucosa  internal 
to  it,  it  is  highly  probable  that  these  motor  fibres  are  derived  from  the  spinal 
accessory. 

3.  Tonsillar  branches  are  two  or  three  which  ascend  to  end  in  the  mucosa 
of  the  tonsil. 

4.  Terminal  or  gustatory  portion  breaks  up  into  branches  which  are 
distributed  to  the  mucous  membrane  of  the  tongue. 

The  hindmost  of  these  consist  of  four  fine  branches  which  end  behind  the  foramen  caecum 
on  the  pharyngeal  aspect  of  the  tongue  and  the  membrane  lining  the  glosso-epiglottic  fossae. 
Two  median  branches  pass  inward  to  the  foramen  caecum,  communicating  there  with  their 
fellows ;  the  three  largest  of  the  terminal  branches  pass  forwards  and  inwards  to  the 
circumvallate  and  foliate  papillae.  These  have  several  communications  with  branches  of  the 
lingual  branch  of  the  fifth,  and  form  an  irregular  loose-meshed  plexus  in  the  submucous 
tissue.     The  glosso-pharyngeal  is  essentially  the  nerve  of  the  third  post-oral  arch. 

487.  THE  TENTH  OR  VAGUS  NERVE  (figs.  517,  681)  is  the  most  far- 
reaching  of  the  cranial  nerves  and,  in  some  respects,  the  most  interesting.  In 
the  present  dissection  it  can  be  traced  down  the  neck,  but  its  main  distribution 
is  thoracic  (p.  342),  and  abdominal  (§  253). 

"Within  the  cranium  its  originally  twelve  to  fifteen  cords  (§  538)  unite 
into  a  flattened  band  which,  piercing  the  dura  mater,  together  with  the 
eleventh  nerve,  escapes  behind  the  ninth  nerve  through  the  jugular  foramen. 
A  sheath  of  dura  mater  separates  it  from  the  ninth  in  front,  and  from  the 
jugular  vein  behind.  Within  the  jugular  canal  its  fibres  form  a  jug"Ular 
g"angTion  (fig.  681);  a  small  transversely  elongated  swelling,  bulging  chiefly  on 
the  inner  side  of  the  nerve  and  5  mm.  broad.  Outside  the  canal,  below  this 
ganglion,  the  vagus  is  joined  by  the  inner  subdivision  of  the  eleventh  nerve 
(aCCeSSOriuS  Vagi),  and  enlarges  into  a  long  cylindroid  ganglion  Cervicale 
Vagi  (ib.,  3),  through  which  the  fibres  of  the  accessorius  pass  unchanged.  This 
ganglion  averages  16  mm.  in  length  and  5  in  breadth. 

The  ganglion  cervicale  lies  behind  the  glosso-pharyngeal,  in  front  of  the 
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beginning  of  the  jugular  vein  and  the  spinal  accessory  nerve,  and  internal 
to  the  hypoglossal.  It  then  enters  the  sheath  of  the  vessels,  and  descends 
in  the  neck,  having  first  the  internal  then  the  common  jugular  vein  to  its 
outer  side,  and  on  its  internal  side  it  has  the  internal  carotid  artery  above, 
the  common  carotid  below.  It  is  enclosed  in  a  fascial  sheath,  and  is  separated 
from  the  vein  by  a  weak,  and  from  the  artery  by  a  strong  septum.  (Its 
thoracic  course  is  described  at  §  431.)  Having  reached  the  superior  opening 
of  the  thorax,  the  right  vagus  crosses  over  the  subclavian  artery  here  being 
slightly  redder  than  above  and  a  little  dilated,  and  here  it  sends  off  the 
recurrent  laryngeal  nerve  and  the  superior  vagus  cardiac  branch.  On  the 
left  side  it  enters  the  thorax  behind  the  left  vena  innominata,  to  the  left 
of  the  carotid,  and  crosses  the  front  of  the  arch  of  the  aorta,  here  giving  off 
the  left  recurrent  laryngeal  (fig.  609). 

From  its  origin,  the  vagus  contains  within  it  sensory,  motor,  inhibitory, 
secretory,  and  vessel-supplying  fibres. 

Above  the  ganglion  jugulare  the  vagus  receives  one  or  two  minute  branches 
from  the  glosso-pharyngeal,  and  a  fairly  strong  communicating  branch  from 
the  superior  cervical  sympathetic  ganglion. 

It  gives  off  (1)  recurrent  meningeal  branches  distributed  to  the  dura 
mater  over  the  sigmoid  and  inferior  petrosal  sinuses,  and  to  the  walls  of  these 
sinuses  and  to  the  posterior  fossa. 

(2)  Auricular  branch  (Arnold's — fig.  681,  au). — This  nerve  arises  from 
the  lower  end  of  the  jugular  ganglion,  and  traverses  a  canal  in  the  outer  wall 
of  the  jugular  fossa,  enters  and  crosses  the  aqueduct  of  Fallopius  above  the 
stylo-mastoid  foramen,  here  sometimes  sending  a  filament  into  the  facial  nerve, 
and  escapes  to  the  supei'ficial  parts  in  the  tympanico-mastoid  fissure.  Here 
it  divides  into  two,  both  of  which  communicate  with  the  posterior  auricular 
branch  of  the  facial  (§  456),  and  supply  the  back  of  the  concha.  It  is  the 
remains  of  the  nerve  of  the  wall  of  the  first  post-oral  slit. 

The  vagus  in  the  neck  sends  a  bi'anch  to  the  superior  cervical  ganglion, 
and  possibly  also  to  the  hypoglossal.  This  union  is,  however,  extremely 
uncertain. 

The  ganglion  cervicale  sends  off  two  pharyngeal  branches  between  the 
external  and  internal  carotids,  which  join  the  pharyngeal  branches  of  the 
ninth.  The  upper  of  these  is  the  larger,  arises  from  near  the  upper  end  of 
the  ganglion,  and  consists  chiefly  of  fibres  derived  from  the  accessorius,  the 
lower,  arising  near  the  middle  of  the  cervical  ganglion  is  smaller.  The 
branches  of  this  plexus  lie  on  the  lateral  wall  of  the  middle  constrictor,  and 
form  close-meshed  plexuses  in  the  muscles  and  mucosa  of  the  pharynx,  and 
have  often  minute  ganglia  in  their  meshes.  The  lowest  branch  of  the 
pharyngeal  plexus  sends  a  minute  thread  to  join  the  hypoglossal  nerve  as  it 
overlies  the  external  carotid  artery. 

The  superior  laryngeal  is  a  large  cord  which  arises  from  the  vagus 
below  the  ganglion  cervicale,  and  lies  at  first  behind  the  internal  carotid 
artery,  and  on  the  superior  cervical  ganglion  of  the  sympathetic.  It  then 
intervenes  between  the  lingual  artery  superficially,  and  the  middle  constrictor 
which  is  beneath  it,  and  lastly  pierces  the  thyro-hyoid  membrane. 

While  crossing  the  middle  constrictor  it  divides  into  two  branches,  external 
and  internal.  The  external  is  very  small,  chiefly  motor,  and  receives  sym- 
pathetic filaments  from  the  superior  ganglion,  descends  along  the  upper  edge  of 
the  inferior  constrictor,  to  which  it  generally  gives  a  fine  branch.  It  lies 
behind  the  sheath  of  the  vessels,  and  is  distributed  to  the  crico-thyroid  muscle, 
and  by  several  minute  branches,  which  enter  the  larynx,  to  the  mucosa  of 
the  respiratory  area  of  the  rima  glottidis  (p.  625). 

The  inner  branch  is  the  larger,   and  is   sensory.     It  enters   the  foramen 
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Fig.  681. — Diagram  of  the  course  and  distribution  of  the  vagus — I,  posterior  auricular  of 
facial ;  2,  pharyngeal  branch  of  vagus  ;  3,  superior  laryngeal ;  4,  external  laryngeal ; 
5,  recurrent  laryngeal ;  6,  pharyngeal  branch  of  ninth  nerve  ;  7,  facial ;  8,  sympathetic 
ganglion;  9,  glossopharyngeal ;  10,  vagus;  11,  spinal  accessory ;  A,  aorta;  H,  heart; 
K,  larynx  ;  L,  lung ;  L',  liver ;  M,  stomach  ;  N,  kidney  ;  Nn,  suprarenal  body ;  Oh, 
hyoid  bone  ;  0,  ear  meatus ;  P,  pulmonary  artery  ;  T,  trachea  ;  Z,  diaphragm ;  St,  sterno- 
mastoid ;  Cc,  trapezius ;  era,  auricular  branches  of  ninth  and  tenth  nerves  ;  ac,  spinal 
accessory  nerve  ;  c,  carotid  artery  ;  s,  subclavian  artery  ;  /,  anastomosis  of  sympathetic 
and  external  laryngeal  nerves ;  x,  middle  cervical  ganglion ;  y,  inferior  ganglion ;  k,  ansa 
of  Vieussens  ;  g,  i,  h,  the  three  cardiac  branches  of  the  sympathetic  ;  r,  plexus  gulae  ;  0, 
cceliac  plexus  of  ATagus  ;  m,  solar  plexus  ;  m! ,  spleen  ;  n,  hepatic  branches  of  vagus  ;  II, 
scheme  of  the  course  of  the  depressor  and  accelerator  nerves  of  the  heart  in  the  cat. 

in  the  thyrohyoid  membrane,  and  divides  beneath  the  mucosa  in  the  pyriform 
sinus  (p.  620)  into  a  superior  or  epiglottic  branch,  distributed,  as  its  name 
implies,  both  to  the  mucosa  and  to  the  subjacent  tissues,  and  two  or  three 
inferior  or  pharyngo-laryngeal  branches,  distributed  to  the  mucosa  of  the 
larynx  and  the  neighbouring  parts  of  the  pharynx.  Its  lower  pharyngeal 
branch  communicates  with  the  inferior  laryngeal  by  a  filament  on  the  hinder 
surface  of  the  crico-arytenoideus  posticus  muscle. 

The  cervical  cardiac  branches  are  two  or  three  fine  threads  arising  in 
the  upper  part  of  the  neck,  a  little  below  the  ganglion  cervicale.  The  upper- 
most on  each  side  communicates  with  a  branch  of  the  external  laryngeal  and 
accompanies  it,  descending  into  the  thorax  behind  the  carotid  artery,  where 
their  ending  on  the  right  in  the  deep,  on  the  left  in  the  superficial  cardiac 
plexus,  has  already  been  noted  (p.  350).     Depressor  fibres  probably  ascend  in  it. 

The  inferior  or  recurrent  laryngeal  (fig.  68 r,  5)  arises  from  the  right 

vagus,  where  that  nerve  crosses  the  subclavian  artery,  and  hooks  round  that 
vessel  to  ascend  behind  it.  On  the  left,  it  similarly  winds  round  the  aorta  to 
the  left  of  the  ductus  arteriosus  (§  213).  These  nerves  ascend  in  the  groove 
between  the  trachea  and  oesophagus,  behind  the  common  carotid  and  the  inferior 
thyroid  arteries.  They  enter  the  phai'ynx  below  the  lower  margin  of  the 
inferior  constrictor  and  break  up  into  terminal  laryngeal  branches.  At  first 
this  nerve  passed  directly  to  the  larynx  below  the  fourth  aortic  arch,  but  the 
change  of  relative  position  of  parts  in  the  course  of  growth  has  caused  it  to 
take  a  recurrent  course,  except  when  the  fourth  arch  is  obliterated  (p.  556). 

While  winding  below  its  artery,  the  inferior  laryngeal  nerve  gives  off 
cardiac  (§  218),  and  communicating  branches  to  the  lowest  cervical  sympathetic 
ganglion.  In  the  lowest  part  of  its  ascending  stage,  it  gives  off  superior 
oesophageal  and  superior  tracheal  branches.  These  branches  form  a  plexus, 
beset  with  some  minute  ganglion  cells  in  the  muscular  tissue  of  these  tubes. 

The  terminal  inferior  laryngeal  branches  are  two — an  anterior,  which 
supplies  the  thyro-arytenoid  and  crico-arytenoideus  lateralis  muscles,  and  sends 
upwards  a  branch  to  the  epiglottic  muscles ;  and  a  posterior,  which  supplies 
the  muscles  on  the  back  of  the  larynx,  conspicuously  communicating  with  the 
superior  laryngeal. 

The  muscles  of  vocalisation  are  innervated  by  fibres  which  the  vagus 
receives  from  the  accessorius,  but  it  is  probable  that  some  motor  filaments, 
independent  of  these,  pass  to  the  more  purely  respiratory  muscular  fibres  of 
the  trachea  and  larynx. 

The  inferior  stages  of  the  vagus  have  been  described  at  pp.  348,  395,  460,  and 
is  shown  in  fig.  517. 

488.  THE  ELEVENTH  NERVE  (fig.  681, 1 1  ),or  accessorius  Willisii,  has  been 
already  seen  (p.  529)  within  the  cranium  ascending  from  the  spinal  canal  behind 
the  ligamentum  denticulatum,  and  should  be  again  examined  at  this  part  of  its 
course.  Having  entered  the  cranium  it  escapes  through  the  jugular  hole  with 
the  vagus.     Its  compound  origin  is  elsewhere  described,  but  its  fibres  combine 
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at  their  exit  into  a  single  cord.  After  its  exit  it  divides  into  internal  and 
external  branches.  The  former,  consisting  of  its  upper  fibres,  joins  the  vagus, 
and  has  been  therewith  described ;  the  latter  consists  of  the  lower  or  more 
purely  cervical  fibres,  which,  as  they  ascend  in  the  spinal  canal,  are  more  or 
less  connected  with  the  hinder  roots  of  the  first  and  second  spinal  nerves. 

This  external  branch  after  its  exit  descends  at  first  in  front  of  these  on  the 
outer  side  of  the  internal  jugular  vein,  in  front  of  the  costal  process  of  the 
atlas,  and  beneath  the  posterior  belly  of  the  digastric.  It  passes  to  the  upper 
and  inner  edge  of  the  sterno-mastoid,  and  enters  that  muscle  below  its  upper 
fourth,  traverses  the  second  fourth,  and  emerges  at  the  hinder  border  of  that 
muscle  about  its  mid-point  (fig.  624).  Here  it  crosses  the  supraclavicular 
triangle  and  passes  beneath  the  outer  edge  of  the  trapezius  muscle,  in  the 
deep  surface  of  which  it  ends.  Close  to  its  origin  it  receives  a  fine  twig 
from  the  ganglion  cervicale,  and  in,  or  behind  the  sterno-mastoid  it  has  a  large 
and  conspicuous  communication  with  branches  of  the  third  cervical  nerve;  lower 
down,  as  it  enters  the  trapezius,  it  receives  branches  both  from  the  third  and 
fourth  cervical  nerves,  which  terminate  with  it  in  the  trapezius  muscle  (fig.  626). 

489.  THE  CERVICAL  SYMPATHETIC  NERVE  consists  of  a  stem-cord, 
on  which  there  are  three  ganglia  (fig.  681).     The  superior  ganglion  is  an 
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Fig.  682. — Scheme  of  the  cervical  sympathetic  nerve  and  its  branches. 

elongated  fusiform  mass,  3  cm.  long,  sometimes  marked  by  two  or  more  con- 
strictions, which  lies  internal  to  the  vagus  on  the  rectus  capitis  anticus  major, 
and  behind  the  carotid  sheath,  opposite  the  first,  second,  and  third  cervical 
vertebrae.  It  receives  on  its  outer  side  four  rami  communicantes,  derived  from 
the  four  upper  cervical  nerves  (fig.  626),  and  sends  at  least  two  twigs  to  the 
lower  and  one  to  the  upper  ganglion  of  the  vagus.  It  is  connected  also  by  fine 
filaments,  with  Andersch's  ganglion  on  the  glosso-pharyngeal,  and  with  the  hypo- 
glossal nerve.  Above,  it  sends  a  strong,  thick  cord  into  the  carotid  canal,  which 
will  be  traced  with  the  second  stage  of  the  carotid  artery;  below,  it  tapers  into 
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the  cord  which  connects  this  ganglion  to  the  second.  From  its  anterior  surface 
it  gives  off  several,  usually  three,  external  carotid  branches,  which  form  a  plexus 
around  that  artery  and  its  branches.  These  branches  are  continued  on  the 
thyroid  artery  to  the  thyroid  body.  On  the  lingual  artery  they  form  a  large 
plexus,  in  which  ganglion  cells  are  entangled.  The  plexus  around  the  facial 
artery  sends  branches  to  the  submaxillary  gland  and  ganglion ;  and  from  the 
branches  around  the  temporal,  which  enlarge  into  a  distinct  superficial  tem- 
poral ganglion,  branches  pass  to  the  parotid  gland  and  to  the  auricular 
branch  of  the  facial  nerve.  Through  the  branches  which  surround  the  middle 
meningeal,  they  are  connected  with  the  lacrymal  nerve  and  otic  ganglion ;  and 
similar  plexuses  surround  the  other  arteries.  A  branch  of  the  external  carotid 
plexus  terminates  in  the  intercarotic  body  (fig.  678). 

The  pharyngeal  branches  of  sympathetic  are  four  or  five,  partly  from  the 
ganglion  directly,  partly  from  the  external  carotid  plexus  around  the  pharyn- 
gea  ascendens  artery,  on  which  they  sometimes  form  a  small  ganglion.  They 
enter  the  pharyngeal  plexus. 

The  superior  Cardiac  nerve  arises  from  the  lower  part  of  the  ganglion, 
and  descends  on  the  longus  colli  muscle  behind  the  carotid  sheath.  In  the 
neck  it  receives  other  sympathetic  filaments — a  branch  from  the  trunk  of  the 
vagus,  one  from  the  external  laryngeal,  and,  still  lower,  one  from  the  recurrent 
laryngeal.  On  the  right  it  is  smaller  than  the  left,  and  lies  in  front  of  (rarely 
behind)  the  right  subclavian  artery,  passing  to  the  deep  cardiac  plexus  ;  while 
on  the  left  it  crosses  the  arch  of  the  aorta  and  ends  in  the  cardiac  ganglion  and 
superficial  plexus  (p.  350). 

The  sympathetic  cord  descends  from  the  first  ganglion,  behind  the  carotid 
sheath;  and  opposite  the  sixth  cervical  vertebra,  as  the  cord  crosses  the  inferior 
thyroid  artery,  it  usually  presents  a  minute,  somewhat  triangular,  thickening, 
the  middle  cervical  ganglion.  This  is  joined  by  rami  communicantes  from 
the  fifth  and  sixth  cervical  nerves,  which  emerge  internal  to  the  inner  margin 
of  the  scalenus  anticus,  and  gives  off  (1)  thyroid  branches  around  the  inferior 
thyroid  artery  to  the  thyroid  body,  in  connection  with  Avhich  there  are  some 
minute  ganglia;  (2)  the  large  middle  cardiac  nerve.  This  last  descends  with 
the  superior  cardiac,  often  over  the  subclavian  artery  on  the  right,  between 
the  carotid  and  subclavian  on  the  left  (§  218).  The  sympathetic  cord  descends 
from  this  ganglion  in  the  form  of  two  or  more  filaments,  of  which  one  descends 
in  front  of  the  subclavian  artery,  a  second,  shorter  and  thicker,  behind  it. 
The  loop  of  union  of  these  is  the  ansa  of  Yieussens  (fig.  423,  ansa). 

The  inferior  cervical  g'anglion  lies  deeply  at  the  lower  part  of  the 
neck  in  the  hollow  between  the  transverse  process  of  the  seventh  cervical 
vertebra  and  the  neck  of  the  first  rib.  It  can  be  found  most  easily  by 
dividing  the  subclavian  artery  and  its  superior  intercostal  branch.  The  latter 
lies  directly  external  to,  and  the  vertebral  artery  lies  in  front  of,  the  ganglion. 
It  receives  rami  communicantes  from  the  seventh  and  eighth  cervical  nerves, 
and  is  joined  by  a  band  of  ganglion  substance  and  sevei'al  thick  nerve  cords  to 
the  first  dorsal  ganglion.  From  the  inferior  ganglion  arise  (1)  branches  which 
form  the  plexus  surrounding  the  subclavian  artery  and  its  branches;  (2)  separate 
similar  branches  from  the  very  large  plexus  around  the  vertebral  artery ;  and 
(3)  the  inferior  cardiac  nerve,  which  enters  the  deep  cardiac  plexus  on  each  side. 

490.  BICHAT'S  SECTION— Dissection.— To  display  the  deeper  visceral  structures  in 
the  neck,  cut  ali  these  parts  and  the  great  vessels  horizontally  in  front  of  the  vertebral 
column  at  the  level  of  the  first  rib.  Draw  these  divided  parts  forwards,  and,  dissecting 
through  the  lax  tissue  which  binds  the  back  of  the  pharynx  to  the  front  of  the  spine,  carry 
the  separation  up  to  the  base  of  the  skull,  dividing  the  basi-cranial  periosteum  between  the 
pharynx  and  the  prevertebral  muscles. 

Extend  the  head  forcibly  backwards  so  as  to  bring  the  cut  edge  of  the  base  of  the  skull 
to  rest  on  the  table,  and  with  a  broad -bladed  chisel  and  a  mallet  cut  through  the  basi- 
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rectus  capitis 
lateralis. 

rectus  capitis 
anticus minor. 


__  rectus  capitis 
anticus  major. 


occipital  bone  transversely.  Turn  now  the  head  on  one  side,  and  divide  the  skull  with  a 
saw  in  a  nearly  coronal  vertical  plane,  beginning  outside,  I  centimetre  behind  the  mastoid 
process,  and  carried  inwards  to  the  hinder  limit  of  the  jugular  foramen.  Turn  the  head  on 
its  opposite  side  and  make  a  similar  section,  then,  having  completed  the  division  by  means  of 
the  chisel,  the  back  of  the  skull  and  vertebral  column  are  now  separated  from  the  face  and 
pharyngeal  region.  It  is  more  convenient  now  to  finish  the  dissection  of  the  former  region, 
so  the  latter  should  be  carefully  wrapped  up  in  cloths  moistened  with  the  preserving  fluid 
and  put  away  until  the  prevertebral  dissection  is  finished. 

491.  PREVERTEBRAL  REGION.— The  lax  areolar  tissue  which  joined 
the  post-pharyngeal  fascia  to  the  spine  having  been  cleaned  off,  the  preverte- 
bral fascia  and  two  groups  of  muscles  are  exposed — median  and  lateral.  The 
median  muscles  are  as  follows  : — 

(i)  Long"US  COlli  (fig-  683)  consists  of  three  imperfectly  separable  sets  of 
muscular  fascicles,  a  vertical  nearest  to  the  middle  line,  an  inferior  oblique 
arising  with  the  vertical  but  separately  inserted,  and  a  superior  oblique  arising 
separately  but  inserted  with  the  vertical.     The  vertical  fibres  arise  tendinously 

from  the  rough  lateral  ridges  on 
the  bodies  of  the  upper  three 
dorsal  and  lower  two  cervical 
vertebra?,  external  to  the  anterior 
common  spinous  ligament. 
Ascending  in  a  slightly  arched 
manner  with  an  internal  con- 
cavity, the  fibres  are  inserted, 
also  by  tendons,  into  the  anterior 
tubercle  of  the  atlas,  and  into 
the  bodies  of  the  second,  third, 
and  fourth  cervical  vertebra?, 
external  to  the  anterior  ligament. 
This  is  the  largest  part  of  the 
muscle. 

The  inferior  oblique  portion 
arises  along  with  the  vertical 
fibres  from  the  upper  three  dorsal 
vertebra?,  and  is  inserted  into 
the  costal  processes  of  the  sixth, 
fifth,  and  fourth  cervical  ver- 
tebra?. 

The  slip  inserted  into  the  sixth  is 
strong  and  distinct  at  its  insertion, 
and  ascends  in  front  of  the  vertebral 
artery,  which  it  protects  at  its  entry 
into  the  transverse  process. 

The  superior  portion  arises 
from  the  costal  processes  of  the 
second,  third,  fourth,  and  fifth 
cervical  vertebra?,  and  is  inserted  fleshily  with  the  vertical  fibres  into  the 
anterior  arch  of  the  atlas  and  the  two  succeeding  cervical  bodies. 

The  slip  which  passes  to  the  atlas  is  the  most  distinct,  and  can  be  artificially  separated 
as  a  longus  atlantis  muscle.  There  is  rarely  any  part  attached  to  the  costal  process  of  the 
seventh  cervical  vertebra. 

The  longus  colli  is  supplied  by  short  metameric  branches  from  each  cervical  nerve. 

(2)  Rectus  capitis  antiCUS  major  {longus  capitis — fig.  683)  is  a  specialised 
portion  of  the  superior  oblique  fibres  of  the  longus  colli,  which  arises  by  four 
tendons  from  the  costal  processes  of  the  second,  third,  fourth,  and  fifth  cervical 
vertebra^  and  is  inserted  into  the  basioccipital  behind  and  outside  the  pharyngeal 
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spine.  It  is  supplied  by  branches  of  the  first  and  second  cervical  nerves.  Detach 
this  from  its  insertion,  and  expose  (3)  the  very  small  rectus  capitis  anticus 
minor  muscle  which  lies  beneath  and  external  to  it.  This  arises  from  the 
costal  process  of  the  atlas,  and,  ascending  inwards,  is  inserted  into  the  basi- 
occipital  behind  the  last.  (4)  External  to  it  is  the  rectus  Capitis  lateralis, 
the  topmost  cervical  intercostal,  arising  from  the  costal  process  of  the  atlas  and 
inserted  into  the  jugular  process  of  the  occipital  bone. 

(5)  The  cervical  intercostals,  or  anterior  intertransverse  muscles,  are 
thin  slips  passing  between  the  successive  costal  processes  and  placed  in  front  of 
the  outgoing  cervical  nerves.     They  cover  the  vertebral  artery. 

These  muscles  unitedly  flex  the  head  and  cervical  column.  When  those  of 
-one  side  act  they  can  lateralise  the  head. 

The  lateral  muscles  are  three  on  each  side. 

Scalenus  anticus  arises  by  four  slips  from  the  costal  processes  of  the  third, 
fourth,  fifth,  and  sixth  cervical  vertebrae ;  descending  and  tapering,  it  is  inserted 
into  the  scalene  tubercle  on  the  margin  of  the  first  rib,  having  the  subclavian 
vein  in  front  of  it  and  the  subclavian  artery  behind  it.  Its  inner  edge  is  in 
contact  with  the  outer  margin  of  longus  colli. 

This  i.s  a  specialised  band  of  the  cervical  intercostal  muscles,  aud  bears  traces,  by  numer- 
ous partial  tendinous  intersections,  of  its  polymerism ;  it  is  supplied  by  branches  of  the  third 
and  fourth  cervical  nerves.     The  phrenic  nerve  descends  on  its  anterior  surface. 

Scalenus  medius,  much  larger  and  stronger,  arises  from  the  extremities 
of  the  transverse  processes  of  all  the  cervical  vertebrae  except  the  first  and  last, 
and  is  inserted  into  a  rough  impression  on  the  first  rib  behind  the  groove  for 
the  subclavian  artery.  The  brachial  plexus  chiefly  escapes  between  this  and 
the  next  muscle. 

This  is  also  intercostal  and  polymeric,  some  portions  of  its  upper  slips  being  inserted  into 
the  slips  of  origiu  of  their  successors. 

Scalenus  posticus,  smaller  and  less  distinct,  arises  from  the  backs  of  the 
transverse  processes  of  the  two,  seldom  three  lower  cervical  vertebra?,  and  is 
inserted  into  the  second  rib  in  front  of  the  attachment  of  the  levator  costae. 

It  is  the  modified  cervical  levator  costce  muscle. 

Being  condensed  muscles  derived  from  several  segments,  the  scalenes  are  very  variable. 
They  are  elevators  and  fixers  of  the  first  and  second  rib,  and  thus  act  as  respiratory  muscles. 

The  second  stage  of  the  vertebral  artery  (§  422)  can  now  be  more  easily  and  completely 
dissected  by  removing  the  cervical  intercostals,  and  dividing  with  the  bone  forceps  the 
costal  processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebrae.  The  accompanying 
and  enveloping  plexus  of  veins  should  be  noted,  as  well  as  its  branches  in  this  stage. 

Having  revised  the  deep  muscles  of  the  vertebral  region,  the  intervertebral  and  vertebro- 
cranial  articulations  should  now  be  dissected  (§§  76,  79). 

492.  THE  PHARYNX— Dissection.— Moderately  distend  the  cavity  of  the  pharynx 
through  the  mouth  with  cotton  wadding  soaked  in  spirit.  Fasten  the  pharynx  to  a  block  so 
that  its  posterior  side  is  exposed,  and  remove  the  loose  connective  tissue  which  covers  this 
surface. 

The  pharynx,  when  thus  prepared  (fig.  684),  appears  as  a  somewhat  oval 
musculo-membranous  bag,  about  10  cm.  long,  extending  from  the  base  of  the 
skull  to  the  cricoid  cartilage  opposite  the  fifth  cervical  vertebra ;  widest 
opposite  the  hyoid  bone,  tapering  slightly  upwards,  more  rapidly  downwards. 
This  shape  is,  however,  artificial,  as  in  life  the  cavity  is  a  mere  slit  (fig.  641), 
the  hinder  and  fore  walls  being  for  the  most  part  nearly  in  apposition,  except 
when  food  or  air  is  passing.  Posteriorly  the  pharynx  is  separated  from  the 
prevertebral  muscles  by  the  prevertebral  fascia,  which  sheathes  them, 
and  by  the  stronger  post-pharyngeal  fascia,  which  is  laterally  attached 
to  the  sheaths  of  the  vessels.  On  each  side  it  is  in  contact  with  this  sheath, 
and  with  the  great  cervical  vessels.  In  front  the  pharynx  communicates  with 
the  nose,  mouth,  and  larynx. 
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Above,  the  pharyngeal  wall  is  connected  to  the  basioccipital,  the  internal 
pterygoid  plate,  the  pterygo-mandibular  ligament,  and  the  lower  jaw,  in  front 
to  the  hyoid  bone,  the  thyroid  and  cricoid  cartilages. 

The  wall  of  the  pharynx  consists  of  (i)  the  investing  post-pharyngeal  fascia, 
and  the  areolar  layer  beneath  it,  the  backward  continuation  of  the  bucco- 
pharyngeal fascia,  containing  the  large  pharyngeal  plexus  of  veins  which 
collects  the  venous  blood  from  all  contiguous  parts,  and  empties  it  chiefly  into 
the  pterygoid  plexus,  but  in  part,  also,  into  two  descending  pharyngeal 
veins,  which  open  into  the  internal  jugular  (p.  564). 

(2)  On  removing  these  fascial  layers,  the  muscular  wall  is  exposed,  and 
consists  of  two  strata,  one  of  circular  fibres,  the  constrictors,  and  a  deeper  of 
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Fig.  684. —Posterior  surface  of  pharynx  dissected  by  the  method  of  Bichat's  section. 

longitudinal.  The  circular  fibres  are  in  three  planes  which  partly  overlap  each 
other  from  below  upwards.  These  arise  externally  and  pass  backwards  and 
inwards  to  be  attached  to  the  hinder  middle  line  or  raphS  of  the  pharynx. 

The  inferior  constrictor  is  the  thickest  and  most  superficial  (fig.  684), 
and  arises  from  a  flat  ridge  on  the  side  of  the  cricoid  cartilage,  and  from  the 
inferior  cornu,  oblique  line  or  ligament,  and  superior  tubercle  of  the  thyroid 
cartilage.  From  this  narrow  origin,  which  is  usually  supplemented  by  fibres 
from   the  crico-  and  sterno-thyroids,  its   fibres  expand  backwards,   the    lowest 
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horizontally,  the  upper  ascending  steeply  to  be  inserted  into    the  raphe  for 
nearly  three-fourths  of  the  whole  length  of  the  bag. 

Its  lower  border  overlaps  the  beginning  of  the  oesophagus,  receiving  branches  of  the 
recurrent  laryngeal  nerve  at  the  interspace.  Above,  it  overlaps  the  middle  constrictor,  the 
interval  between  the  two  being  on  the  level  of  the  entrance  of  the  superior  laryngeal  nerve 
into  the  thyro-hyoid  space.  The  thyroid  body  and  great  vessels  lie  on  each  side,  and  it 
covers  not  only  the  next  muscle  but  the  stylo-  and  palato-pharynqei. 

The  middle  constrictor,  shown  by  raising  and  reflecting  the  upper  edge 
of  the  last,  is  widely  triangular,  arising  from  the  hinder  and  upper  part  of  the 
thyro-hyal  and  cerato-hyal  cornua  and  stylo-hyoid  ligament.  These  parts  are 
sometimes  called  respectively  cerato-pharyngeus  and  chonclro-pharyngeus.  Its 
widely  expanding  fibres  are  inserted  into  the  raphe,  its  upper  fibres  rising  as 
high  as  the  basioccipital,  and  its  lower  passing  downwai'ds  to  the  lower  end  of 
the  bag.  Laterally  the  middle  constrictor  is  in  contact  with  the  carotid  sheath, 
and  near  its  origin  it  lies  beneath  the  lingual  artery  and  hyo-glossus  muscle, 
and  is  crossed  by  the  superior  laiyngeal  nerve. 

By  reflecting  the  upper  edge  of  the  middle  constrictor,  the  insertion  of  the  stylo-pharyngeus 
is  brought  into  view,  and  its  iibres  can  now  be  traced  to  the  upper  and  hinder  edge  of  the 
thyroid  cartilage. 

The  stylo-pharyngeus  muscle  separates  the  middle  from  the  superior  COn- 
Strictor,  which  can  be  fully  exposed  by  removing  the  internal  pterygoid 
muscle  and  the  middle  constrictor.  It  arises  from  the  lower  third  of  the  hinder 
edge  of  the  internal  pterygoid  plate,  from  the  hamular  process  (pterygo- 
pharyngeus).  from  the  pterygomandibular  ligament,  the  hinder  fifth  of  the 
mylo-hyoid  ridge  on  the  mandible  (mylo-pharyngeus),  and  from  the  side  of  the 
tongue  (glosso-p>haryngeus).  Its  fibres  unite  into  a  continuous  sheet,  which 
curves  inwards  to  be  inserted  into  the  pharyngeal  spine  of  the  basioccipital 
and  into  the  upper  part  of  the  raphe. 

The  upper  edge  appears  crescentic  in  shape,  curving  below  the  Eustachian  tube  and 
levator  palati  muscles.  Between  this  margin  and  the  base  of  the  skull  is  a  semilunar  space 
on  each  side,  the  sinus  of  MOPgagni,  in  which  the  underlying  fibrous  tissue  is  strong,  and 
in  which  the  levator  palati  can  be  seen  projecting  at  each  side.  Outside  this  muscle  lie 
the  internal  carotid  artery,  the  glosso-pharyngeal,  vagus,  and  sympathetic  nerves,  and  on 
its  anterior  surface  lie  the  palato-pharynqeus  muscle  and  the  tonsil.  The  buccinator  is 
connected  to  it  by  the  pterygo-mandibular  ligament  (§  464). 

On  dividing  the  constrictors  medially,  and  reflecting  them  from  within 
outwards,  the  submucous  tissue  appears  as  a  firm  membrane  above,  the 
pharyngeal  aponeurosis,  but  this  thins  and  becomes  indistinct  below. 
It  is  attached  to  the  periosteum  of  the  basioccipital,  to  the  apex  of  the  petrous 
bone,  and  to  the  fibrous  investment  of  the  petro-occipital  cartilage  and 
Eustachian  tube,  as  well  as  to  the  internal  pterygoid  plate.  In  the  median 
line  this  membrane  is  strong  at  its  attachment  to  the  pharyngeal  spine,  and 
it  forms  the  basis  of  the  raphe  of  the  pharynx. 

In  action,  the  constrictors  compress  the  pharynx  and  act  from  above 
downwards. 

493.  CAVITY  OF  THE  PHARYNX.— The  pharynx  is  to  be  opened  by  a 
vertical  median  incision  from  the  basioccipital  to  the  level  of  the  back  of  the 
cricoid  cartilage,  the  basicranial  attachment  being  divided  transversely  for 
2  cm.  on  each  side.  Remove  the  bolus  of  cotton  wool  which  distended  the 
cavity,  and  wash  the  mucous  surface  with  weak  spirit.  The  cavity,  as  seen 
from  behind,  is  divided  by  the  plane  of  the  soft  palate  into  an  upper  or  nasal 
region,  the  naso-pharynx,  and  a  lower  or  oral  region.  Seven  openings  appear 
in  the  pharynx,  two  pairs  above  in  the  nasal  region,  the  choanse  and 
Eustachian  tubes,  three  single  below,  the  fauces,  the  glottis,  and  the  cesophagus. 
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The  pharyngeal  mucosa  is  continuous  in  front  with  that  of  the  mouth  and 
nose,  laterally  with  that  of  the  ear,  and  below  with  that  of  the  oesophagus  and 
larynx.  Above,  where  it  coats  the  occipital  bone,  it  is  dark  brown,  soft 
and  spongy,  and  presents  in  the  median  line  an  irregular,  flask-like  pit,  the 
bursa  pharyng'ea  (fig.  686,  *),  whose  opening  is  usually  narrow  and  directed 
downwards  and  forwards,  its  wider  fundus  pointing  upwards  towards  the 
basicranial  foramen.  It  is  a  pouch  of  mucous  membrane  which  occupies  the  site 
of  the  continuation  upwards  of  the  pharyngeal  tube,  pinched  off  by  the  ingrowth 
of  the  parachordal  cartilages,  and  thereby  separated  from  the  pituitary  body 
above  (p.  14).  Around  and  below  it  on  the  posterior  wall  is  a  large  continuous 
patch  of  lymphatic  follicles,  stretching  across  the  upper  and  back  part  of  the 
pharynx  from  side  to  side,  and  constituting  the  pharyngeal  tonsil.  It  is 
not  distinctly  circumscribed,  but  occupies  the  space  behind  and  between  the 
Eustachian  tubes  on  each  side  (fig.  686,  4),  and  extends  to  the  roof  of  the  cavity 
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Fig.  685. — Cavity  of  the  phai'ynx  laid  open  from  behind. 

as  far  as  the  choanal  This  area  is  liable  to  tumefaction  in  catarrh,  and  produces 
the  incapacity  of  nasal  phonation  consequent  thereupon.  This  nasal  area  is 
lined  by  ciliated  columnar  epithelium. 

Posteriorly,  the  mucosa  is  thinner,  and  below  the  pharyngeal  tonsil  the 
epithelium  becomes  stratified  and  scaly,  like  that  of  the  mouth. 

Laterally,  and  above,  the  mucous  membrane  is  prolonged  on  each  side  into 
a  pouch,  the  pharyngeal  recess  (fig.  686).  These  end  opposite  the  tip  of  the 
petrous  bone,  and  are  the  remains  of  the  dorsal  ends  of  the  second  post-oral  vis- 
ceral pouches,  which  were  never  perforate  in  the  normal  human  embryo. 
External  to  these  is  the  internal  carotid,  the  dorsal  artery  of  the  second  arch. 

In  front  are  the  elliptical  choanSB  or  openings  of  the  posterior  nares  (fig.  685), 
3  cm.  high  and  15  mm.  across,  with  vertical  long  axes  separated  from  each  other  by 
a  thin  vertical  median  septal  membrane,  prolonged  back  from  the  hinder  edge 
of  the  vomer.  Above,  the  mucosa  of  the  choana?  is  continued  upon  the  lower 
surface  of  the  basisphenoid ;  laterally,  the  mucosa  is  thin  and  firmly  attached 
on  the  inner  side  of  the  internal  pterygoid  plate ;  below,  they  are  bounded 
by  the  mucous  membrane  covering  the  upper  and  back  edge  of  the  palate 
process  of  the  palatine  bone,  which  is  continuous  therefrom  on  the  nasal 
surface  of  the  velum. 

Through  the  opening  can  be  seen  the  prominent  hinder  edge  of  the  inferior 
turbinal  bone,  with  the  inferior  meatus  below  it.  Above,  the  middle  turbinal 
bone  projects  between  the  middle  meatus  below  and  the  superior  meatus 
above. 
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The  student  should  practise  passing  a  catheter  through  the  nose  from  the  anterior  nostril 
along  the  floor  to  the  posterior  naris,  and  should  also  determine  the  relation  of  the  Eustachian 
tube  thereto  and  practise  passing  a  sound  thereinto.  The  mucosa  of  the  pharyngeal  roof  can 
be  felt  during  life  by  the  finger  introduced  by  the  mouth  and  turned  upwards.  The  student 
should  also  practise  posterior  rhinoscopy  on  the  body. 

In  the  mucosa,  on  the  lateral  and  hinder  wall  of  the  pharynx,  are  many 
small  racemose  glands,  which,  with  the  submucous  tissue  around  them,  make  a 
distinct  layer.  These  gradually  become  fewer  and  smaller  below,  and  are 
sparse  at  the  level  of  the  mouth. 

494.  THE  ISTHMUS  FAUCIUM  can  be  here  seen  on  its  hinder  side, 
depending  for  its  shape  on  the  position  of  the  soft  palate. 

In  the  foetus  before  the  fourth  month  the  anterior  pillar  of  the  fauces  is  a  sharp  valve- 
like fold,  the  front  boundary  of  a  deep  recess,  which  was  the  lower  part  of  the  primitive 
second  post-oral  cleft.  The  tonsil  consists  of  adenoid  tissue  developed  in  the  wall  of  this 
cleft.  There  is  often  a  permanent  trace  of  the  lower  part  of  this  post-oral  pouch  in  the  form 
■of  a  SUpratQIlSillaF  fOSSa.  The  secondary  development  of  the  inner  longitudinal  fibres  of 
the  palato-pharyngeux,  in  the  floor  of  this  fossa,  has  formed  the  posterior  pillar  of  the  fauces 
and  separated  the  supratonsillar  fossa  from  the  recess  of  the  pharynx  above  it.  The  greater 
relative  development  of  the  hinder  than  of  the  fore  pillar  of  the  fauces,  despite  the  greater 
antiquity  of  the  latter,  is  an  illustration  of  the  increased  functional  importance  of  these  folds. 

495.  THE  EUSTACHIAN  TUBES,  which  convey  air  to  the  cavity  of 
the  tympanum,  open  on  either  side  of  the  choanse  and  opposite  their  lower  half, 
on  the  level  of  the  hinder 
border  of  the  infei-ior  tur- 
binated bones.  Each  open- 
ing hasaprominent  rounded 
border  above  and  behind, 
but  slopes  downwards  and 
forwards  with  no  projecting 
lower  or  front  lip.  From 
this  the  canal  is  directed  at 
an  angle  of  45°  upwards, 
as  well  as  backwards  and 
outwards.  It  passes  be- 
tween the  two  great  pala- 
tine muscles  —  the  tensor 
palati  being  external  and 
in  front ;  the  levator,  in- 
ternal and  behind.  The 
latter  muscle  bulges  beneath 
the  mucosa  and  forms  a  con- 
vex eminence  behind  the 
opening  of  the  Eustachian 
tube,  as  can  be  seen  with 
the  rhinoscopic  mirror. 

On  removing  the  mucous 
covering    of  the  border  of 

the  orifice  the  Eustachian 
cartilage  is  shown  (fig. 

763).  This  is  an  elongated 
triangular  piece  of  white 
fibro  -  cartilage,    folded    on 
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Fig.  686. — Mucous  surface  of  the  upper  and  outer  angle 
of  the  nasopharynx — 2,  atlas  ;  3,  axis. 

itself  so  as  to  guard  the  tube  above  and  behind.  It  completes  this  boundary  of 
the  inner  part  of  the  tube,  which  lies  in  the  groove  between  the  petrosal  and  the 
ali-sphenoid,   but   the   lower  and  anterior  part  is  bounded    by  fibrous   tissue 
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only.     The  pharyngeal  base   of  the   cartilage   fills  the   scaphoid  fossa,   and  is 
fixed  to  the  processus  tubarius  of  the  internal  pterygoid  plate. 

The  rest  of  this  tube  will  be  seen  in  the  dissection  of  the  ear  (p.  691).  The 
Eustachian  tube  is  the  modified  remains  of  part  of  the  first  post-oral  visceral  cleft. 

496.  THE  VELUM  PALATI,  or  soft  palate,  has  been  already  seen  from 
the  oral  side  and  can  now  be  dissected  from  behind.  It  constitutes  an  imperfect 
nap  door  between  the  mouth  and  pharynx.  It  is  capable  of  being  raised  so  as 
to  shut  off  the  nasal  region  and  to  open  the  isthmus  faucium.  This  is  its  con- 
dition in  swallowing,  and  in  the  phonation  of  all  but  nasal  sounds  (n,  g,  m,  and 
the  nasal  vowel).  The  height  to  which  it  is  raised  in  vocalisation  varies,  being 
highest  in  the  pronunciation  of  e,  lowest  in  the  production  of  u,  and  relatively 
intermediate  in  that  of  a  and  i.  In  ordinary  respiration  it  is  pendent,  and  allows 
the  passage  of  air  from  the  larynx  into  the  nasal  region  of  the  pharynx.  Its 
plane  is  in  front  of  that  of  the  opening  of  the  glottis,  but  in  the  normal  throat 
is  always  much  above  its  level  (fig.  641). 

The  nasal  surface  of  the  velum  is  convex  along  its  vertical  axis  and  concave 
transversely  ;  it  presents  a  faint  middle  ridge,  or  raphe  veli,  descending  to 
the  uvula,  marking  the  line  along  which  the  primitively  separate  lateral  halves 
have  coalesced. 

The  arrest  of  embryonic  growth  and  consequent  interference  with  this  median  union 
produces  the  condition  of  cleft  soft  palate  which  so  often  accompanies  harelip.  The  nasal 
surface  of  the  velum  is  covered  for  its  lower  half  and  free  border  in  the  adult  with  stratified 
scaly  epithelium  continued  from  the  mouth,  but  on  its  upper  half  the  epithelium  is  ciliated 
columnar.     In  the  infant  at  birth  the  whole  surface  is  covered  with  ciliated  epithelium. 

Small  compound  racemose  mucous  glands  bedeck  this  surface,  forming  a  complete  sub- 
mucous stratum.     The  ducts  of  these  glands  are  lined  by  ciliated  epithelium. 

Divide  the  mucosa  on  the  nasal  side  of  the  velum  in  the  middle  line,  and 
dissect  it  off  from  one  side  of  the  soft  palate,  from  thence  upwards  to  the  edge 
of  the  Eustachian  tube,  and  downwards  along  the  posterior  half  arch  of  the 
palate.     The  following  muscles  are  then  exposed  : — 

Motor  UVUlSB  (fig.  685),  a  delicate  band  lying  close  to  its  fellow  on  either  side 
of  the  median  line,  arising  from  the  posterior  nasal  spine  of  the  palatine  bone,  and 
inserted  into  the  submucous  tissue  of  the  uvula.  The  two  motores  are  medially 
united  by  a  very  thin  plane  of  tough  areolar  tissue.  Its  nerve  is  very  difficult 
to  trace,  but  comes  from  the  accessorius  through  the  pharyngeal  branch  of  the 
vagus  (p.  607). 

PalatO-glOSSUS  is  exposed  by  dissecting  the  mucous  membrane  of  the 
anterior  pillar  of  the  fauces,  but  is  very  hard  to  isolate.  It  consists  of  pale 
fibres  arising  from  the  side  of  the  tongue,  where  they  interlace  with  the  fasci- 
cles of  the  stylo-glossus,  and  are  continuous  with  the  hinder  transverse  lingual 
fibres.  Ascending  in  the  substance  of  the  anterior  pillar  of  the  fauces,  they  end 
in  the  submucous  tissue  of  the  under  surface  of  the  velum,  where  its  fibres 
spread  out  and  join  those  of  the  opposite  side. 

This  forms  the  lowest  muscular  stratum  of  the  soft  palate.  The  hindmost  fibres  are  very 
thin,  and  form  a  continuous  lamella  over  the  outer  surface  of  the  tonsil  (amyc/dalo-glossus). 
It  is  innervated  by  fibres  from  the  accessorius,  descending  with  the  pharyngeal  branches  of 
the  vagus.  When  it  acts  it  depresses  the  velum,  draws  together  the  anterior  pillars,  and  so 
closes  the  isthmus  faucium. 

PalatO-pharyngeilS  is  much  larger,  but  is  also  with  difficulty  defined,  as 
its  borders  are  not  clearly  marked.  It  lies  in  the  posterior  pillar  of  the  fauces, 
and  in  the  pharyngeal  wall  behind  this  fold.  At  its  upper  part  it  consists  of 
two  strata,  an  upper  and  lower.  The  former  is  thin,  and  lies  on  the  nasal  side 
of  the  velum,  where  it  expands*  under  the  mucosa,  arising  from  the  hinder 
margin  of  the  palatine  bone  and  palatine  aponeurosis.  The  lower  layer  also 
arises  from  the  palatine  bone  and  from  the  oral  side  of  the  palatine  aponeurosis. 
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The  two  layers  unite  at  the  margin  of  the  posterior  pillar  and  descend  back- 
wards, to  be  inserted  internal  to,  and  together  with,  the  stylo-glossus  into  the 
hinder  and  upper  border  of  the  thyroid  cartilage,  and  into  the  hinder  part  of 
the  pharyngeal  wall. 

Two  fine  bundles  of  muscular  fibres,  accessory  to  the  palato-pharyngeus,  arise— one  from 
the  back,  the  other  from  the  lowest  part  of  the  Eustachian  cartilage.  These  become  below 
blended  with  the  rest  of  the  muscle,  of  which  they  are  only  aberrant  slips.  They  are  some- 
times artificially  separated,  and  named  salpivgo-pharyngei.  The  two  palato-pharyngei  meet 
in  the  middle  line  in  the  velum,  and  again  some  straggling  fibres  below  meet  in  the  medio- 
dorsal  line  within  the  inferior  constrictor.  It  is  innervated  through  the  pharyngeal  plexus 
from  the  accessorius.  It  draws  downwards  the  velum  and  upwards  the  pharynx  in  deglu- 
tition. 

Levator  palati,  a  thick  definite  band  of  muscle,  arises  from  the  lower  and 
outer  part  of  the  Eustachian  cartilage,  and  from  the  rough  under  side  of  the 
apex  of  the  petrous  bone  in  front  of  the  carotid  canal.  It  descends  inwards 
and  a  little  forwards,  lying  upon  (as  seen  from  behind)  the  upper  border  of  the 
superior  constrictor  of  the  pharynx,  and  is  inserted  on  the  oral  side  of  the 
motor  uvulce  into  the  median  line  of  the  velum,  overlying  the  origin  of  the 
inferior  plane  of  the  palato-jiharyngeus. 

It  is  supplied  by  a  branch  of  the  facial  nerve  combed  to  the  muscle  through  the  great 
superficial  petrosal,  Meckel's  ganglion,  and  the  posterior  palatine  nerve.  At  its  upper  part 
it  receives  a  sheath  from  the  pharyngeal  aponeurosis,  which  isolates  it  from  its  neighbouring 
muscles.  The  ascending  palatine  artery  (p.  562)  branches  upon  the  outer  side  of  this  sheath. 
Its  fibres  at  their  insertion  unite  with  their  fellows  ;  both  co-operating  they  raise  the  velum 
and  draw  it  backwards. 

TeilSOr  palati  lies  anterior  and  external  to  the  last,  from  which  it  is 
separated  by  the  pharyngeal  aponeurosis.  It  is  shown  by  detaching  the  levator 
from  its  origin  and  reflecting  it  downwards.  It  arises  from  the  linear  outer 
margin  of  the  scaphoid  fossa,  from  the  spine  of  the  sphenoid,  and  fi'om  the 
outer  surface  and  lower  border  of  the  Eustachian  cartilage.  As  it  descends  its 
fibres  converge,  the  hinder  passing  obliquely,  the  inner  nearly  vertically,  to 
unite  in  a  tendon  which  winds  round  the  hamular  process  from  without 
inwards,  passing  thence  horizontally  to  be  inserted  expanding  into  the  trans- 
verse ridge  on  the  hinder  surface  of  the  palate  plate  of  the  palatine  bone,  and 
into  the  palatine  aponeurosis.  A  patch  of  lax  connective  tissue,  becoming  in 
the  adult  an  irregular  but  small  bursa,  sepai-ates  the  tendon  from  the  con- 
cavity of  the  hamular  process.  This  muscle  raises  and  makes  tense  the  velum, 
and  aids  in  opening  the  Eustachian  tube  during  deglutition. 

Both  these  muscles  are  wider  and  much  more  oblique  in  the  foetus  than  in  the  adult. 
Its  nerve  is  from  the  inferior  maxillary  division  of  the  fifth,  which  passes  through,  and  is 
supplemented  by  a  second  line  branch  from  the  otic  ganglion  (p.  601),  and  it  enters  the 
muscle  on  its  hinder  and  outer  side. 

Palatine  aponeurosis. — From  the  hinder  edge  of  the  palate  plate  of  the  palatine  bone, 
a  strong  elastic,  but  not  very  definite,  fibrous  lamella  extends  into  the  velum  for  which  it 
forms  a  central  skeleton.  It  rapidly  thins  as  it  descends,  and  is  continuous  laterally  into 
the  pharyngeal  aponeurosis,  and  gives  attachment  to  portions  of  all  the  palatine  muscles. 

The  branches  of  the  pharyngeal  plexus  are  very  hard  to  trace  on  account  of  their  small 
size  and  softness.  The  larger  and  more  distinct  posterior  palatine  nerves  can  be  seen 
descending  on  the  hinder  side  of  the  palatine  aponeurosis,  and  distributed  to  the  glands 
and  to  the  mucous  membrane. 

497.  EMBRYOLOGY.— The  pharynx  is  the  modification  of  that  region  of  the  primitive 
vertebrate  alimentary  canal  which  was  pierced  laterally  by  the  branchial  clefts,  and  which 
joined  the  stomoda?um  (p.  15).  The  muscles  and  nerves  of  its  wall  are  derived  from  those 
which  originally  are  developed  in  the  arches  between  these  clefts,  and  the  cavity  has  become 
shortened  in  the  process  of  growth.  In  the  human  pharynx  the  visceral  clefts  behind  the 
first  post-oral  slip  are  simple  pouches,  and  do  not  extend  to  the  outer  surface  in  any  stage  of 
development. 

The  stomodseum  joined  the  oral  end  of  the  mesenteron  at  about  the  fourteenth  day,  and 
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from  its  upper  part  is  projected  the  hypophysial  pouch  of  Rathke,  which  is  prolonged 
through  the  base  of  the  skull  to  form  the  anterior  element  of  the  hypophysis.  Behind  this 
the  summit  of  the  mesodamm  projects  as  the  pouch  of  Seessel  (fig.  29,  §  14). 

The  parts  of  the  cavum  oris  and  pharynx  should  now  be  reviewed  as  a  whole  in  connection 
with  the  mechanism  of  the  act  of  swallowing.  The  food  having  been  reduced  by  mastication 
and  insalivation  to  a  pultaceous  consistence,  lies  on  the  upper  and  back  surface  of  the  tongue. 
By  a  sudden  spasmodic  actiou  of  the  elevators  of  the  hyoid  bone  the  tongue  is  forcibly 
raised,  and,  as  the  mylo-hyoid  and  the  protractors  of  the  tongue  co-operate,  the  front  of  the 
tongue  is  forced  against  the  roof  of  the  closed  mouth,  and  is  thus  made  to  fill  the  cavity, 
forcibly  pressing  the  bolus  of  food  through  the  isthmus  faucium.  The  contraction  of  the 
palato-glossus  draws  together  the  two  anterior  pillars  and  closes  this  opening,  thus  preventing 
the  return  of  the  food.  At  the  same  time  the  velum  is  raised  by  the  combined  action  of  the 
levator  and  tensor  palati,  and  so  forms  a  fixed  point  from  which  the  palato-pharyngeus  can 
act,  drawing  the  whole  pharynx  upwards  and  forwards  over  the  projected  mass  of  food, 
while,  by  the  successive  contractions  of  the  two  lower  constrictors  from  above  downwards, 
the  last  traces  of  the  food  are  driven  down  into  the  oesophagus. 

No  food  can,  in  normal  swallowing,  enter  the  glottis,  as  the  aperture  is  forcibly  closed. 
Indeed,  so  much  is  the  opening  of  the  glottis  sheltered  in  swallowing  by  the  protraction  of 
the  larynx  and  the  dorsal  bulge  of  the  tongue,  that  it  is  probable  the  bolus  scarcely  touches 
the  epiglottis. 

The  contractions  of  the  pharyngeal  muscles  in  swallowing  succeed  each  other  with  such 
rapidity  as  to  be  almost  simultaneous.  They  are  really  successive,  the  various  layers  con- 
tracting in  the  order  in  which  they  lie  from  within  and  above  downwards  and  outwards,  and 
in  the  need  for  this  condition  of  action  lies  the  cause  of  the  arrangement  of  the  muscular 
lamella?. 

The  action  of  the  pharyngeal  muscles  on  the  Eustachian  tube  is  also  noteworthy,  while 
there  is  always  a  chink  of  the  tube  open,  its  lumen  is  perceptibly  widened  by  the  tension, 
during  swallowing,  of  the  pharyngeal  muscles  attached  to  it.  It  has  been  supposed,  but 
without  sufficient  reason,  that  the  bulge  of  the  contracted  belly  of  the  levator  palati 
diminishes  the  calibre  of  the  opening  of  the  tube. 

498.  OPENING  OF  THE  GLOTTIS  (fig.  687).— The  upper  opening  of  the 
larynx  appears  as  a  triangular  aperture,  whose  plane  is  nearly  vertical  in  the 

living  throat.  It  is  bounded  above  and  in 
front  by  the  projecting  portion  of  the  epi- 
glottis, the  sides  are  formed  by  the  aryteno- 
epiglottidean  folds,  and  the  apex  below 
and  behind  is  at  the  interarytenoid  notch. 
The  mucosa  continued  backwards  from  the 
tongue  on  the  epiglottis  makes  medially  the 
frsenum  epiglOttidis,  on  each  side  of 
which  is  the  vallecula,  bounded  laterally 

by  the  lateral  glosso-epiglottic  folds. 

The  free  edge  of  each  aryteno-epi- 
g'lottidean  fold  is  directed  backwards  and 
a  little  upwards.  It  presents  two  thickened 
areas,  one  at  the  summit  of  the  arytenoid 
cartilage,  where  it  contains  the  cornicular 
cartilage,  and  a  second  a  little  above  and  in 
front,  containing  the  cuneiform  cartilage. 
Outside  this  fold  is  a  shallow  fossa  on  each 
side,  the  sinus  pypifOPmis,  lined  by  mucous 
membrane,  and  bounded  externally  by  the 
upper  and  back  part  of  the  thyroid  ala. 

This  is  the  remains  of  the  third  post-oral  visceral 
pouch  which  was  imperforate  in  the  human  foetus, 
and  it  corresponds  to  the  interval  between  the  third  arch,  in  which  the  thyrohyal  cornu 
developes,  and  the  fourth  arch,  in  which  the  upper  edge  of  the  thyroid  forms.  The  hinder 
limit  of  the  laryngeal  opening  is  the  narrow  interarytenoid  notch . 

Behind  this  the  pharynx  narrows  to  become  the  oesophagus  at  the  level  of 
the  back   of  the   cricoid  cartilage.      This  is  the  narrowest  part  of  the  bag. 


Fig.  687. — Opening  of  the  glottis,  as 
seen  from  above  —  E,  epiglottis  ;  L, 
tongue  ;  V,  glosso-epiglottic  pouch  ; 
W,  cartilage  of  Wrisberg  in  the 
ary-epiglottic  fold ;  S,  cartilage  of 
Santorini  on  the  summit  of  the  ary- 
tenoid ;  P,  pharynx,  behind  the 
interarytenoid  notch ;  S.p,  sinus 
pyriformis  ;  L.v,  true  vocal  chord  ; 
S.M,  false  chord;  L.v.s,  ary-epiglot- 
tic membrane  ;  R,  rima  glottidis. 
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Above  it  on  each  side  there  has  been  seen,  but  very  rarely,  a  slight  lateral 
widening  on  each  side  the  rudiment  of  the  fourth  branchial  pouch,  one  of 
which  may  become  pathologically  enlarged.  The  side  of  the  epiglottis  is  con- 
nected to  the  posterior  pillar  of  the  fauces  by  a  fold  of  mucous  membrane,  the 
pharyng'O-epig'lottie  fold,  beneath  which  is  a  weak  fibrous  fold  of  the 
pharyngeal  submucous  tissue,  the  pharyng'O-epig'lottie  ligament,  attached 
above  to  the  lower  border  of  the  Eustachian  cartilage,  and  below  to  the  side  of 
the  epiglottis. 

The  position  of  the  opening  of  the  glottis  varies.  In  rest  it  is  opposite  the  intervertebral 
space,  between  the  third  and  fourth  vertebra? ;  in  forced  respiration  it  descends  to  the  fourth ; 
in  deglutition  it  is  raised  to  the  level  of  the  top  of  the  third  and  drawn  forwards.  Extension 
of  the  head  backwards  puts  all  the  structures  of  the  larynx  on  the  stretch  and  lengthens  the 
tube,  but  its  upper  end  sinks  to  the  level  of  the  fourth  vertebra. 

499.  THE  LARYNX  is  the  upper  part  of  the  respiratory  tube,  which  is 
set  apart  to  act  as  the  organ  of  voice.  Its  framework  consists  of  five  larger 
cartilages  (two  median  and  one  pair  of  true  cartilages,  and  one  elastic  fibro- 
cartilage),  and  two  pairs  of  rudimental  cartilages.  These  are  united  by 
ligaments  to  form  a  short  tube,  which  opens  above  into  the  pharynx  and 
below  into  the  trachea.  It  is  desirable  to  examine  a  set  of  cleaned  cartilages 
prior  to  the  dissection  of  the  recent  larynx. 

500.  THE  THYROID  CARTILAGE,  which  covers  two-thirds  of  the  front 
and  sides  of  the  tube,  consists  of  two  flattish  quadrilateral  ala3,  united  medially 
at  an  angle  of  8o°,  and  projecting  prominently  forwards  as  the  pomum  Adami. 
Each  ala  has  a  free  hind  margin  placed  nearly  vertically,  but  diverging  a  little 
from  its  fellow  above,  and  prolonged  upwards  into  a  blunt  cylindroid  process, 
the  superior  COrnu,  whose  summit  is  tied  to  the  great  cornu  of  the  hyoid 
bone  by  a  posterior  thyro-hyoid  ligament.  Into  this  hinder  edge  parts 
of  the  stylo-  and  pedato-pharynyei  muscles  are  inserted.  Below,  this  border  is 
prolonged  downwards  and  forwards  into  a  curved  cylindroid  inferior  COrnu, 
shorter  than  the  upper,  which  articulates  with  the  outer  side  of  the  cricoid 
cartilage. 

The  upper  border  of  the  thyroid  cartilage  is  depressed  into  a  bay  in  front 
of  the  cornu  and  then  rises  into  a  sinuous  convexity,  dipping  again  in  front  to 
form  the  side  of  the  great  median  notch,  whose  everted  lips  constitute  the 
most  prominent  part  of  the  pomum.  The  lower  border  is  also  notched  in  front 
of  the  inferior  cornu  and  extends  sinuously  forwards,  having  two  small 
downward  projections — one  in  front  of  the  posterior  notch,  the  inferior 
marginal  tubercle ;  the  other  where  it  joins  its  fellow  medially.  The 
anterior  or  isthmic  border,  where  the  one  ala  joins  its  fellow,  is  the 
shortest,  it  projects  forwards  above,  is  depressed  medially,  and  again  projects, 
but  more  slightly,  below. 

The  outer  face  of  the  ala  is  smooth  for  its  front  and  upper  three-fourths, 
but  is  crossed  obliquely  by  a  faint  line,  which  starts  from  the  superior 
tubercle,  below  the  fundus  of  the  superior  notch,  and  descends  forwards  to 
the  inferior  marginal  tubercle  on  the  lower  border.  This  line  is  sometimes 
represented  by  a  fibrous  band  stretched  between  the  tubercles,  and  into  this 
line  or  band  the  sterno-thyroid  is  inserted  ;  and  from  it  the  thyro-hyoid  arises, 
while  the  inferior  constrictor  arises  from  the  ala  behind  it  (fig.  124). 

The  inner  surface  of  the  thyroid  ala  is  smooth,  concave,  and  covered  by 
mucous  membrane  in  the  sinus  pyriformis. 

Each  ala  is  broader  than  high  (7  :  5),  and  structurally  consists  of  three  parts — two  lateral, 
of  ordinary  hyaline  cartilage,  and  a  middle,  wherein  the  cartilage  cells  are  smaller  and 
closer.     This  middle  area  is  isolated  by  planes  of  dense  hyaline  substance. 

The  hinder  surface  of  the  median  angle  at  its  lower  part  is  depressed  into 
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a  small  pit,  the  median  thyroid  fossa,  into  which  the  stalk  of  the  epiglottis, 
the  thyro-arytenoid  muscles,  and  the  true  vocal  cords  are  attached. 

501.  THE  CRICOID  CARTILAGE  (figs.  688,  689,  670)  is  compared  to  a 
signet  ring  in  shape,  and  completely  engirdles  the  larynx  ;  it  is  rounded  and 
low  in  front,  but  rises  behind  into  a  quadrate  hinder  plate,  divided  by  a 
median  crest  into  two  lateral  muscular  areas,  which  give  rise  to  the  posterior 
crico-arytenoid  muscles.  Outside  this  are  two  tubercles,  one  on  either  side, 
with  which  the  inferior  cornua  of  the  thyroid  cartilage  articulate. 

The  superior  border  slopes  from  behind  downwards  and  forwards,  pre- 
senting a  large  median  upward-directed  concavity  beneath  the  thyroid 
cartilage.     At  the  upper  margins  of  the 

hinder  quadrate    area    on    each  side    the  epiglottis. 

cricoid  presents  a  convex,    oblique,    oval 

hyoid  bone. 


.th.-hyo;d 
M.  st.  fch. 


uTadh 


Fig.  688. — Front  view  of  the  cartilages  and 
ligaments  of  the  larynx — O.h,  basihyal ; 
st.h,  sterno-hyoid  ;  st.th,  sterno-thyroid  ; 
th.h,  tbyro-hyoid  ;  C.  th,  thyroid  cartilage  ; 
C.c,  cricoid  cartilage. 


Fig.  689. — Posterior  view  of  the  cartilages 
and  ligainentsofthelarynx — C.s,  superior 
cornu  of  tlryroid ;  W,  cuneiform  cartilage 
of  Wrisberg ;  S,  corniculum  of  Santorini ; 
M.m,  interarytenoid  membrane  ;  M'm, 
aryteno-epiglottidean  membrane;  P.m, 
muscular  process  of  arytenoid ;  W,  pro- 
minent base  of  epiglottis ;  G.  c,  cricoid 
cartilage;   0. tr,  tracheal  rings. 


articular  surface,  directed  upwards  and  outwards  to  bear  the  arytenoid  car- 
tilage. In  front  of  this  is  a  thickish,  rather  everted  edge,  which  gives  origin 
to  the  crico-arytenoideus  lateralis.  Internally,  the  cricoid  is  lined  by  the 
laryngeal  mucosa  all  round,  and  externally  it  gives  attachment  on  each  side 
of  its  anterior  surface  and  upper  border,  in  front  of  the  crico-thyroid  articulation, 
to  the  crico-thyroid  muscle. 

The  CFieo-thyroid  joints  are  surrounded  by  capsular  ligaments  of 
radiating  fibres,  and  each  contains  a  synovial  membrane.  They  allow  the 
cricoid  to  glide  upon  the  inferior  cornua  of  the  thyroid  around  the  transverse 
axis,  passing  through  the  two  joints ;  and  it  also  permits  a  slight  amount  of 
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slide  of  the  cricoid  upwards  and  backwards.  Between  these  joints  the  lower 
border  of  the  thyroid  is  tied  to  the  cricoid  by  a  strong  elastic  criCO-thyroid 
membrane.  This  is  depressed  and  thin  laterally  where  it  is  attached  to  the 
inner  margin  of  the  cricoid,  close  to  the  mucous  membrane  ;  but  medially  it 
forms  a  strong  triangular  plate,  chiefly  of  elastic  fibres,  usually  pierced  by  a 
median  hole ;  it  is  crossed,  near  the  thyroid  attachment,  by  the  crico-thyroid 
artery.  It  is  this  membrane  that  is  cut  through  in  the  operation  of 
laryngotomy. 

The  thyroid  cartilage  is  tied  above  to  the  upper  and  hinder  margin  of  the 
hyoid  bone  by  a  thyTO-hyoid  membrane.  This  chiefly  consists  of  elastic 
fibres,  and  stretches  from  side  to  side.  Above  the 
superior  lateral  notch  in  the  thyroid  cartilage  it  is 
pierced  by  the  superior  laryngeal  nerve  and  artery; 
behind  which,  the  cornual  attachment  of  the  mem- 
brane is  rounded  and  cord-like  (the  posterior  thyro- 
hyoid ligament).  In  this  hinder  cord  there  is  usually 
a  small  cartilage  in  shape  and  size  like  a  grain  of 

wheat,  this  is  called  the  triticeal  cartilage  (fig. 

688,  Corp.  trit.).  The  upper  border  of  the  thyroid 
cartilage  during  deglutition  ascends  behind  the 
hollowed  back  of  the  basihyal,  from  which  it  is  often 
(in  65  per  cent.)  separated  by  a  bursa,  which  allows 
of  free  relative  motion. 

502.  THE  TWO  ARYTENOID   CARTILAGES 

(tigs.     689,     690)    are    symmetrical,    placed   on    the 

upper  and  back  edge  of  the  cricoid,  and  when  taken 

together  in  the  larynx  of  a  sheep  or  dog,  they  form 

a  groove  like   the  mouth    of  a   pitcher,   hence    the 

name.       Each    arytenoid    cartilage    is    an    irregular 

three-sided  pyramid.    Its  apex  above  becomes  fibrous 

and  curves  backwards  and  inwards  to  join  the  cor- 

niculum ;  its  base  below  is  obliquely  grooved,  and 

sits  on  the  back  of  the  cricoid.     Its  hinder  surface 

is  concave  and  is  filled  in  the  recent  state  by  the 

arytenoideus  proprius  muscle.     Its  external  surface 

is  convex  and  gives  attachment  to  the  thyro-arytenoid 

muscle.     Its  narrow  inner  surface  is  smooth,  covered 

by  mucous  membrane,  and  directed  towards  the  corresponding  surface  of  its 

fellow.     The  base  presents  three  angles,  an   outer   thick   muscular   angle, 

to   whose   hinder   surface  the  posterior   crico-arytenoid  is   attached,   to  whose 

front  surface  the  lateral  crico-arytenoid  is  attached.     The  anterior  angle  is  the 

VOCal  process,  and  gives  attachment  to  the  true  vocal  chord ;  the  posterior 

internal    angle   is   tied   to    its   fellow   and  to   the   cricoid  by    a    transverse 

ligament. 

503.  THE  EPIGLOTTIS  (fig.  689)  is  a  leaf-like  plate  of  yellow  reticular 
fibro-cartilage  placed  medially  and  in  the  coronal  plane,  attached  by  a  narrow 
foot-stalk  below  to  the  median  thyroid  fossa.  Its  hinder  surface  is  free,  and 
clad  with  mucous  membrane  for  its  whole  extent,  and  projects  backwards  at 
about  its  middle  point  into  a  convexity,  the  pulvinar  (fig.  689,  W),  above 
which  its  free  upper  portion  is  curved  forwards.  This  surface  is,  for  the  most 
part,  concave  transversely  and  convex  vertically.  Its  lateral  margins  give 
attachment  below  to  the  aryteno-epiglottidean  folds  and  are  free  for  a  short 
distance  above.  The  front  surface  is  fixed  below  by  fibrous  tissue  to  the 
thyroid   cartilage;    above  this,   a  tough,   elastic,   areolar  and  fatty   mass,  the 


Fig.  690. — Side  view  of  cric- 
oid and  left  arytenoid 
cartilage— co,  cornieulum  ; 
cr,  cricoid  cartilage ;  a, 
arytenoid  cartilage ;  Pm, 
muscular  process ;  Pv, 
vocal  process  ;  Sat,  surface 
for  articulating  with  in- 
ferior cornu  of  thyroid ; 
Ss,  superior  spine  of  vocal 
border ;  Si,  inferior  spine 
of  vocal  border ;  *  *,  in- 
ferior tubercle  of  lower 
margin ;  t,  sulcus  externus. 
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perifflottis,  ties  its  front  surface  to  the  back  of  the  thyro-hyoid  membrane. 
The  middle  portion  of  the  upper  border  of  this  periglottis  is  elastic,  and 
constitutes  the  hyO-epiglottie  ligament.  Above  this  a  thin,  sagittally- 
placed  elastic  fold  attaches  it  medially  to  the  base  of  the  tongue,  enclosed  in 
the  sharp  median  framum  epiglottidis.  The  other  mucous  reflections  from  the 
epiglottis  have  been  already  noted. 

To  the  margin  between  the  anterior  and  posterior  surfaces  the  aryteno- 

epiglottie  membrane  is  attached. 

The  body  of  the  arytenoid  is  of  hyaline  cartilage,  its  apical  process  becomes  white  fibro- 
cartilage,  and  the  vocal  process  becomes  elastic  fibro-cartilage. 

504.  THE  SMALLER  CARTILAGES.— The  cornieula  or  cartilages  of 

Santorini  (figs.   689;  690,  co)  are  minute   nodules  of  elastic  fibro-cartilage  of 

a  pale  yellowish  colour,  fixed  by  white  fibrous 
tissue  to  the  apex  of  the  arytenoid  and  embedded 
in  the  hinder  attachment  of  the  aryteno-epiglottic 
membrane. 

The  cuneiform,  or  cartilages  of  Wrisberg,  are 
still  smaller,  elongated  and  obconical  streaks  of 
elastic  fibro-cartilage  in  the  aryteno-epiglottic 
membrane,  surrounded  by  a  fringe  .  of  minute 
mucous  glands,  and  making  a  slight  thickening 
on  the  membrane. 

The   crico-arytenoid    articulation    is    a 

peculiar  condylarthrosis  in  which  the  concavity 
of  the  arytenoid  surface  has  its  long  axis  sagit- 
tally  disposed,  while  the  convexity  of  the  cricoid 
is  coronally  prolonged.  The  two  surfaces  can 
never,  therefore,  thoroughly  cover  each  other. 
The  joint  is  surrounded  by  a  thin,  capsular  liga- 
ment, whose  fibres  are  specially  strong  laterally, 
and  are  connected  medially  with  the  interarytenoid 
band,  where  they  are  often  specialised  into  an 
internal  crico-arytenoid  ligament.  Enclosed  in 
the  capsule  is  a  loose  synovial  membrane.  The 
motions  permitted  in  this  joint  are  (1)  rotation  of 
the  arytenoid  around  a  vertical  axis,  which  is 
parallel  and  very  close  to  its  inner  surface ;  (2) 
gliding  motions  forwards  and  inwards,  or  back- 
wards and  outwards.  The  former  motion  is 
associated  with  rotation  inwards  of  the  vocal 
process,  while  gliding  outwards  is  associated  with  its  rotation  outwards. 

505.  THE  INTERIOR  OF  THE  LARYNX  (fig.  687),  as  viewed  from 
above,  or  in  coronal  section  (fig.  691),  is  divisible  into  three  regions.  On  each 
side  the  mucous  investment  of  the  aryteno-epiglottic  membrane  appears  to 
end  below  in  a  crescentic  margin  with  a  downward  concavity,  this  margin  is 
called  the  false  VOCal  chord  (fig.  691,  4).  Below  this  on  each  side  a 
prominent  fold  appears  stretched  from  the  vocal  process  of  the  arytenoid 
forwards  to  the  sides  of  the  middle  thyroid  fossa,  these  are  the  true  VOCal 
Chords  (fig.  691,  5).  Between  the  true  vocal  chords  the  cavity  of  the  larynx 
is  diminished  to  a  narrow  chink  which  is  called  the  rima  glottidis.  On  each 
side  there  is  a  recess,  the  ventricle  Of  the  larynx,  between  the  false  vocal 
chords  above  and  the  true  chords  below,  giving  the  latter  free  space  within 
which  they  can  vibrate.     Below  the  true  vocal  chords  the  lumen  widens,  and 


Fig.  691. 


-Vertical  coronal  sec- 
tion of  larynx — 1,  stalk  of 
epiglottis ;  2,  upper  surface 
of  true  chord  forming  floor  of 
the  ventricle  of  the  larynx ; 
3,  outer  wall  of  sacculus  of 
Morgagni;  4,  false  vocal  chord; 
5,  true  vocal  chord  ;  Taep, 
thyro-ary-epigiotticus  muscle 
in  section ;  Tae,  external 
thyro-arytenoid  muscle  ;  Tai, 
internal  thyro-arytenoid ;  cr'. 
cricoid  cartilage. 
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from  being  a  sagittally  elongated,  narrow  chink  at  the  rima,  becomes  nearly 
circular  at  the  lower  margin  of  the  cricoid  cartilage,  hence  this  portion  of  the 
cavity  is  somewhat  wedge-shaped. 

There  is,  therefore,  a  suprarinial,  a  rimal,  and  an  infrarimal  area,  whereof 
the  middle  is  the  most  important. 

The  suprarimal  area  consists  of  two  parts — (1)  the  vestibular,  which 
extends  from  the  pharyngeal 
opening  of  the  larynx  to  the 
plane  of  the  false  chords.  It 
narrows  from  above  down- 
wards, and  its  wall  is  much 
lower  behind  than  in  front. 
This  space  varies  only  by  the 
altered  position  of  the  epi- 
glottis in  swallowing. 

(2)  The  ventricular  area 
consists  of  the  two  laryngeal 
ventricles  (fig.  691,  4)  and 
the  part  of  the  median  tube 
between  them.  The  false 
chords  which  project  above 
the  ventricles  are  soft  and 
not  capable  of  being  made 
quite  tense.  They  are  farther 
apart  than  the  true  chords. 
Each  ventricle  extends  later- 
ally nearly  as  far  outwards 
as  the  thyroid  ala,  and  it  is 
prolonged  upwards  and  for- 
wards into  a  narrow  recess, 

the  laryngeal  saccule  (fig. 

691),  which  ascends  outside 
the  front  edge  of  the  false 
chords  at  the  side  of  the 
epiglottis  for  a  variable  dis- 
tance, usually  about  5  mm. 

The  rima  glottidiS  (fig-  687)  is  a  narrow  chink,  bounded  on  each  side  by 
the  inner  edges  of  the  true  vocal  chords,  and  by  the  interval  between  the  inner 
surfaces  of  the  two  arytenoid  cartilages;  in  front,  it  narrows  and  ends  at  the 


Fig.  692. — Interior  of  larynx,  shown  by  a  vertical  division 
of  its  hinder  wall  and  the  separation  of  its  sides  — 
e,  epiglottis  ;  ae,  aryteno-epiglottic  fold ;  ew,  pulvinar ; 
w,  cuneiform  cartilage ;  ts,  corniculum  of  Santorini ; 
m.a.t,  arytenoideus  proprius  ;  Ip,  trachea. 


Fig.  693. — Laryngoscopic  appearance  of  the 
true  vocal  chords  during  the  production 
of  a  hisrh  note. 


Fig.  694. — Laryngoscopic  view  of  the  vocal 
chords  opened  to  their  widest  extent,  show- 
ing the  trachea  to  its  bifurcation. 


back  of  the  thyroid ;  behind,  it  is  closed  by  the  mucous  membrane  reflected 
from  arytenoid  to  arytenoid  on  the  front  of  the  arytenoid  muscle.  From 
the  dual  nature  of  its  lateral  boundaries,  it  presents  two  parts,  an  anterior 
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inteFChordal  or  vocal  area,  the  longer  and  narrower  portion,  and  a  posterior 
inteFarytenoid  or  respiratory  area,  shorter  and  wider.  In  ordinary  breathing 
(fig.  698  with  the  arytenoid  cartilages  at  I,  I)  the  vocal  area  is  an  elongated 
triangle  with  its  base  backwards,  and  the  respiratory  area  has  parallel  sides. 
The  vocal  chords  may  be  made  tense  or  relaxed  by  muscular  action;  the  rima 
may  also  be  dilated  (fig.  694)  or  contracted  (fig.  693). 

The  whole  larynx  is  built  up  with  reference  to  these  chords,  as  it  is  by  the  vibration  of 
the  column  of  air  passing  their  free  sharp  margins  that  phonation  is  caused. 

The   mucous  membrane   lining   the  larynx  is   thin,    pale,    and    clad    with 


stratified   ciliated   epithelium. 


Fig.  695. — Coronal  section  of  the 
true  vocal  chord — 1,  epithelial 
covering  of  its  free  sharp  edge; 
2,  internal  thyro-arytenoid 
muscle  in  cross-section;  3,  com- 
pact elastic  inferior  thyro-ary- 
tenoid ligament  sending  pro- 
cesses from  its  outer  surface 
between  the  fasciculi  of  the 
muscle ;  5,  looser  submucous 
tissue  ;  4,  mucous  glands. 


except  in  the  vestibular  region,  where  it  is 
stratified  and  squamous,  the  cilia  stopping  short 
about  the  middle  of  the  epiglottis  and  at  the 
lower  part  of  the  ventricle.  Upon  the  true  vocal 
chords  the  mucosa  is  closely  adherent  to  the 
under-lying  parts,  and  the  epithelium  consists 
of  closely-set  squamous  cells  along  the  marginal 
strip,  but  becomes  ciliated  again  above  and 
below  this.  A  few  goblet  cells  are  found 
scattered  over  the  whole  area.  The  epithelium 
rests  on  a  clear  thin  basement  layer. 

Originally  the  whole  epithelium  was  ciliated,  but  the 
squamous  conversion  often  affects  not  only  the  above- 
mentioned  areas,  but  also  extends  to  others,  forming 
insular  squamous  patches  in  the  midst  of  the  ciliated 
area.  Where  this  stratified  epithelium  is  found  there 
are  also  peculiar  epithelial  nerve  endings,  composed  of 
curved  fusiform  cells  in  clusters,  somewhat  like  modified 
taste  buds,  but  the  nervous  element  is  not  very  clear. 
The  mucosa  is  also  closely  tied  to  the  epiglottis,  but  is 
loosely  connected  to  the  underlying  parts  in  the  aryteno- 
epiglottidean  folds,  whose  loose  areolar  submucous  layer 
is  liable  to  oedema.  The  submucous  tissue  throughout 
the  whole  larynx  is  rich  in  elastic  fibres. 

Mucous  glands  are  thickly  strewn  in  the 
whole  surface  except  on  the  true  vocal  chords. 
A  row  of  these  is  disposed  along  the  front 
margin  of  the  arytenoid  cartilage  in  the  ary teno- 
epiglottidean  fold.  A  second  row  borders 
the  cuneiform  cartilage,  and  a  third  series  is 
enclosed  in  the  false  vocal  chord.  The  back  of 
the  epiglottis  is  thickly  covered  with  small 
mucous  glands  whose  ducts  can  be  seen  on  the 
surface.  These  glands  fill  some  of  the  areolae 
which  are  so  conspicuous  on  the  surface  of  this 
cartilage.  There  are  about  forty  large  compound 
racemose  mucous  glands  in  the  wall  of  the 
ventricle  of  the  larynx. 

Under  the  mucosa  of  the  false  vocal  chord 
is    a    thin    fibrous    expansion,    the    SliperiOF 


thyro-arytenoid  ligament,  passing  from  the 

edge  of  the  middle  thyroid  fossa  to  the  arytenoid.  Scattered  fibres  continuous 
therewith  expand  outwards  into  the  wall  of  the  sacculus  laryngis  and  of  the 
ventricle,  and  upwards  into  the  aryteno-epiglottidean  fold.  Under  and  closely 
tied  to  the  firm,  thin  membrana  propria  of  the  true  vocal  chords  is  the  inferior 
thyro-arytenoid  ligament  (tig.  695,  5);  this  is  a  fine-fibred  elastic  ligament, 
whose  inner  sharp  free  edge  is  the  basis  of  the  true  vocal  chord.     This  shades 
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off  externally,  and  becomes  continuous  above  with  the  superior  ligament  in 
the  wall  of  the  ventricle;  downwards  it  becomes  lost  in  the  submucous  tissue 
of  the  infrarimal  region ;  much  of  its  lateral  border  is  directly  continuous  into 
the  lateral  crico-thyroid  membrane. 

506.  THE  MUSCLES  which  act  on  the  larynx  and  alter  the  condition  of 
the  rima,  may  be  divided  into  two  sets — (1)  extrinsic,  which  are  attached  to  the 
larynx  from  parts  outside  it;  and  (2)  intrinsic, 
which  pass  from  one  part  of  the  larynx  to 
another.  The  extrinsic  are  the  sterno-thyroid 
(§  417)  and  thyro-hyoid  (§417),  the  inferior 
pharyngeal  constrictor  (§  492),  the  stylo-  and 
palato-pharyngeus  (§  483)  muscles,  and  in- 
directly the  sterno-hyoid,  omo-hyoid,  and  other 
hyoidean  muscles.  These  serve  to  fix  the  hyoid 


hyoid  bone.  E*|& , 


crico-thyroid 
membrane. 


cricoid  cartilage. 


Fig.  696. — Muscles  on  the  anterior  surface 
of  the  larynx. 


Fig.  697. — Dissection  of  the  muscles 
of  the  larynx  from  behind — E,  epi- 
glottis ;  W,  pulvinar ;  C.  W,  car- 
tilages of  Wrisberg  ;  C.S,  cartilages 
of  Santorini;  Lig.  cer.  eric,  inferior 
band  of  capsule  of  the  lateral  crico- 
thyroid joint. 

bone  and  the  thyroid  cartilage,  so  that  the  intrinsic  muscles  can  act  therefrom. 
The  intrinsic  muscles  are  the  following : — 

1.  Crico-thyroid  (fig.  696)  arises  from  the  front  and  side  of  the  cricoid 
cartilage,  and  is  inserted  into  the  lower  border  of  the  thyroid  cartilage  and  into 
the  front  edge  of  its  inferior  cornu.  Medially  the  two  muscles  are  separated 
by  an  interspace  corresponding  to  the  middle  area  of  the  crico-thyroid  mem- 
brane. The  muscle  consists  of  upwardly  diverging  fibres,  those  inserted  into 
the  cornu  being  horizontal  and  often  differentiated  from  the  oblique  fibres 
which  pass  into  the  lower  margin  of  the  cartilage.  This  muscle  is  supplied  by 
the  external  laryngeal  nerve  (fig.  629,  IL).  When  its  oblique  fibres  act  alone 
they  draw  the  cricoid  backwards  and  upwards,  rotating  it  around  the  crico- 
thyroid coronal  axis  ;  the  horizontal  fibres  simply  retract  the  cricoid,  and  hence 
both  portions  of  the  muscle  in  different  ways  make  tense  the  vocal  chords.  This 
may  be  regarded  as  the  coarse  adjustment  of  the  chords.  The  fine  adjustment 
for  phonation  is  produced  by  the  vocal  fibres  of  the  thyro-arytenoideus. 

2.  Crico-arytenoideus  posticus  (fig-  697)  lies  behind,  and  covers  the  flat 
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area  on  the  posterior  surface  of  the  cricoid  cartilage.  Each  muscle  arises  from 
the  lateral  quadrate  area  on  the  cricoid  on  each  side  of  the  median  posterior 
ridge.  Its  fibres,  converging,  are  inserted  into  the  outer 
angle  of  the  arytenoid  cartilage.  This  muscle  is  also  in 
process  of  differentiation  and  segmentation ;  its  upper 
horizontal  fibres,  which  rotate  the  arytenoid  around  its 
vertical  axis,  being  more  or  less  separate  from  the  lower 
oblique  fibres,  which  cause  it  to  glide.  This  muscle  dilates 
the  rima  by  drawing  the  arytenoid  cartilage  outwards 
(fig.  698). 

The  lowest  slip  of  this  muscle  not  uncommonly  misses  the  ary- 
tenoid, and  is  inserted  into  the  inferior  cormi  of  the  thyroid  cartilage 
(kerato-cricoideus). 

Crico-arytenoideus   lateralis    (fig.   699),   smaller 

than  the  last,  is  shown  by  detaching  and  removing  the 
ala  of  the  thyroid  cartilage  of  one  side.  It  arises  along 
the  upper  border  of  the  cricoid  cartilage  from  behind  the 
origin  of  the  crico-thyroid  as  far  as  the  crico-arytenoid 
articulation ;  it  is  inserted  into  the  anterior  surface  of  the  muscular  process 
of  the  arytenoid,  which  it  can  draw  forwards.  This  muscle  relaxes  the  vocal 
chords  and  approximates  them  to  some  little  extent. 

Thyro-arytenoideus  (fig-  699)  consists  of  two  imperfectly  separable  layers 


Fig.  698. — Scheme  of 
rima,  showing  the 
action  of  the  crico- 
arytenoideus  posti- 
cus, which  draws  the 
arytenoid  cartilages 
from  I,  I  to  II,  II. 


Fig.  699. — Muscles  of  the  lateral  aspect 
of  the  larynx,  shown  by  removing  one 
ala  of  the  thyroid  cartilage. 


Fig.  700.  — Coronal  section  of  lar ynx  directly  in 
front  of  the  vocal  process  of  the  arytenoid — 
1,  thyroid  cartilage  ;  2,  cricoid  cartilage;  3, 
first  tracheal  ring;  4,  epiglottis;  5,  pulvinar; 
6,  false  vocal  chord  ;  7,  true  vocal  chord ;  8, 
external  thyro-arytenoid  muscle  ;  9,  internal 
thyro-arytenoid;  10,  crico-arytenoideus  lat- 
eralis. 


— (1)  Thyro-arytenoideus  extemus  (shown  in  coronal  section  in  fig.  700,  8),  which 
arises  within  the  thyroid  ala  on  each  side,  from  the  thyroid  cartilage  and  crico- 
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thyroid  membrane ;  passing  backwards  it  is  inserted  partly  by  transverse 
fibres  into  the  arytenoid  cartilage,  partly  by  oblique  fibres  into  the  aryteno- 
epiglottidean  fold,  into  the  outer  wall  of  the  laryngeal  ventricle,  and  by  a 
separate  band  into  the  epiglottis.  The  latter  slip  is  sometimes  called  thyro- 
epiglotticus. 

The  inner  portion  (fig.  700,  9)  arises  from  the  sides  of  the  middle  thyroid 
fossa  and  from  the  anterior  attachment  of  the  vocal  chords.  The  fibres  pass 
backwards  in  the  substance  of  the  chord  to  be  inserted  into  the  outer  edge  of 
the  vocal  process  and  the  lower  end  of  the  outer  aspect  of  the  arytenoid  car- 
tilage. There  are  also  fibres  arising  from  the  thyro-arytenoid  ligament  in  the 
vocal  chord  in  several  sets,  which  are  attached  behind  to  the  arytenoid  cartilage 
(aryteno-vocales). 

A  series  of  oblique  fibres,  constituting  a  second  portion  of  this  subdivision, 
arises  from  the  outer  surface  of  the  lateral  half  of  the  crico-thyroid  membrane; 
these  ascend  as  a  thin  scattered  layer  over  the  ventricle,  and  are  inserted  into 
the  mucous  membrane  of  the  false  vocal  chord.  These  various  portions  rotate 
the  arytenoid  cartilages,  so  that  the  processi  vocales  are  turned  inwards  and 
downwards  ;  the  vocal  chords  are  consequently  approximated,  and  the  rima 
reduced  to  a  long  slit,  the  position  necessary  for  phonation  (fig.  701). 

ArytenoideUS  Proprius  (hg.  697). — Between  the  two  arytenoid  cartilages 
on  their  posterior  side  is  a  thick  muscular  sheet,  which  arises  (1)  by  oblique 
fibres  from  the  inferior  and  outer  angle  of  the  arytenoid  cartilages.  Its  fibres 
pass  upwards  and  inwards  across  the  middle  line,  decussating  their  fellows  of  the 


Fig.  701. — Scheme  of  action  of  the  thyro-  Fig.   702.  —  Scheme  of  rima,   showing  the 

arytenoid    muscles,    drawing    the    vocal  action    of    the     arytenoideus     proprius 

chords  and  vocal   processes  from   II,  II  muscle,  drawing  the  arytenoid  cartilage 

to  I,  I.  from   the  neutral   position  I,   I   to  the 

position  II,  II. 

opposite  side,  and  are  attached  partly  to  the  summits  of  the  opposite  arytenoid, 
but  some  of  them  are  continued  into  the  opposite  aryteno-epiglottidean  fold  to 
the  lateral  mai-gin  of  the  epiglottis  (fig.  699) ;  hence  these  oblique  fibres  are 
often  described  as  arytenoepiylottideus,  but  not  more  than  one-tenth  of  the 
fibres  continue  so  far. 

(2)  The  arytenoideus  propi-ius,  beneath  these,  consists  of  transverse  fibres 
passing  from  one  arytenoid  to  its  fellow. 

"When  these  muscles  act  they  make  tense  the  vocal  chords,  and  approximate 
the  apices  of  the  arytenoid  cartilage,  rotating  them  on  their  vertical  axes.  They 
thus  close  the  respiratory  area  of  the  glottis,  leaving  the  vocal  area  as  the  only 
passage  for  the  expiratory  current.     This  is  the  usual  preliminary  to  phonation. 

Nerves  Of  Larynx. — -The  superior  and  inferior  laryngeal  nerves  have  been 
already  described  (§  487),  and  should  now  be  tx'aced.  The  lingual  aspect  of  the 
epiglottis  is  supplied  by  filaments  of  the  glosso-pharyngeal  nerve  (§  486),  the 
laryngeal  surface  by  the  superior  laryngeal  (fig.  699),  whose  branches  end  in  a 
close-meshed  plexus  beneath  the  thick  epithelium  and  subepithelial  layer,  and 
are  beset  with  ganglion  cells,  and  end  in  free  points,  in  taste-buds,  and  end- 
bulbs.      The   disposition  of  the  nerves  is  somewhat  similarly  plexiform,  but 
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without  any  taste-buds  on  the  false  vocal  chords;  but  nerves  are  sparse  and  fine 
on  the  true  chords.  The  arteries  of  the  larynx  from  the  superior  (§  438)  and 
inferior  thyroid  (§  423)  have  also  been  described,  and  can  now  be  followed  to 
their  distributions.  The  capillaries  form  a  close  network  in  the  submucous 
tissue  over  the  whole  surface.  The  lymphatics  are  few,  and  accompany  the 
veins  which  pass  along  with  the  arteries ;  they  end  in  the  deep  cervical  glands, 
close  to  the  lateral  lobes  of  the  thyroid  body. 

Development. — The  larynx  arises  as  a  median  grooved  meso-branchial  prominence 
between  the  ventral  ends  of  the  fourth  and  fifth  visceral  arches  (p.  14),  and  behind  the  tuber- 
culum  impar  (p.  593).  The  groove  on  its  surface  is  the  forward  continuation  of  the  pit  which 
forms  the  pulmonary  diverticulum,  and  which,  deepening  and  branching,  gives  rise  to  the 
bronchial  tube  system.  The  anterior  prominence,  which  bounds  the  groove  in  front,  becomes 
sharply  defined  and  rises,  becoming  the  epiglottis  medially,  and  the  folds  passing  backwards 
from  it  become  the  aryteno-epiglottidean  folds,  on  each  side  of  which  is  the  sulcus  between 

the  third  and  fourth  arches,  which  becomes  the 
[,  pyriform  sinus.    The  thyroid  cartilage  is  derived 

from  the  expanded  cartilage  in  the  fourth  arch, 
but  the  rest  of  the  larynx  is  but  a  speciali- 
sation of  the  wall  of  the  bronchial  diverti- 
culum. The  cricoid  cartilage  is  of  the  same 
.^rjp&aamr,  ■  j/jfF***!!^-   |&ij  nature  as  the   rings   of   the  trachea,  and   the 

'''!>:]      Vj -^/   /'     I     ji  '  i.  <|  ^.Th  arytenoids   and    the    accessory    cartilages    are 
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Fig.    704. — Minute   structure   of    the    thyroid 
Fig.    703. — Thyroid   body  with    an   uncom-       body — a,  closed  vesicle  ;  b,  vesicles  distended 
monly    large    middle    lobe,    4;  ;    h,    hyoid      by  colloid  matter  ;  c,  interstitial  areolar  pro- 
bone  ;  Th,  thyro-hyoid  muscle.  cesses  with  vessels  and  fibres. 

nodules  of  cartilage  of  a  similar  kind.  These  appear  early,  the  hinder  wall  of  the  glottis 
in  a  seventh  week  fcetus  showing  four  small  thickenings.  Chondrification  appears  first  in 
the  thyroid  cartilage  in  the  sixth  week,  in  the  cricoid  in  the  eighth.  The  vocal  chords  have 
begun  to  assume  their  typical  form  in  the  fourteenth  week,  and  by  the  sixteenth  the  various 
parts  are  recognisable.  The  lumen  of  the  suprarimal  cavity  is  somewhat  T-shaped  at  first, 
and  that  of  the  infrarimal  is  a  sagittal  slit,  and  this  peculiarity  in  shape  is  retained  until 
comparatively  late  in  fcetal  life.  The  infantile  larynx  grows  quickly  until  the  seventh 
year,  then  enlarges  slowly  until  puberty,  when  growth  becomes  rapid,  and  the  adult  size 
is  reached  about  eighteen.  The  male  larynx  in  the  adult  measures  6  cm.  long,  and  the  glottis 
averages  22  mm.  in  length,  the  true  vocal  chords  being  15  mm.  The  female  is  only  about 
5  cm.  long,  and  the  glottis  16  mm.  long,  the  true  vocal  chords  being  io-5.  The  true  vocal 
chords  of  the  infant  at  birth  measure  5  mm. ,  of  the  child  of  seven,  8  nun.  The  pitch  of  the 
voice  is  consequently  higher  in  the  child,  and  diminishes  with  the  lengthening  of  the  chords, 
sinking  usually  an  octave  at  puberty  in  the  male. 

507.  THE  THYROID  BODY  (fig.  703)  consists  of  two  pyriform  lateral 

lobes,  one  on  each  side  of  the  trachea,  united  by  a  median  isthmus,  which 
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crosses  in  front  of  the  second,  third,  and  sometimes  the  fourth  tracheal  rings. 
Each  lateral  lobe  is  about  6  cm.  long,  3  broad,  15  mm.  thick.  Its  narrow  end 
rises  as  high  as  the  thyroid  cartilage,  the  broader  end  is  below  about  the  level 
of  the  sixth  ring,  and  it  lies  under  cover  of  the  sterno-thyroid,  stemo-hyoid,  and 
omo-hyoid  muscles  and  their  fascial  sheaths  ;  its  superficial  aspect  is  rounded, 
its  deeper  is  moulded  on  the  trachea  and  oesophagus,  and  has  the  carotid 
artery  and  its  sheath  behind  and  to  its  outer  side.  The  edge  of  the  sterno- 
mastoid  also  overlaps  it. 

The  body  is  larger  in  the  female  than  in  the  male,  has  a  volume  of  about  25  ccm.,  and 
weighs  about  35  grammes.     The  right  lobe  is  a  little  larger  and  broader  than  the  left. 

Above  the  attachment  of  the  isthmus  to  the  left  lateral  lobe  is  a  pyra- 
midal middle  lobe,  whose  apex  is  connected  by  a  tough  areolar  cord  to  the 
thyro-hyal  membrane.  Over  this  a  slip  of  the  sterno-hyoid  is  often  segmented 
from  the  rest  of  the  muscle  to  form  a  levator  corporis  thyroidei,  which  descends 
from  the  lower  edge  of  the  basihyal  to  the  apex  of  the  pyramidal  lobe.  This 
muscle  is  supplied  by  a  separate  branch  of  the  descendens  cervicis  nerve. 

The  thyroid  body  has  a  large  blood  supply,  the  calibre  of  its  arteries  being  at  the  rate  of 
o-7  sq.  mm.  of  cross-section  of  lumen  to  each  ccm.  of  body.  The  superior  thyroids  from  the 
carotids  descend  and  break  up  above  at  the  apex  of  each  lobe,  and  are  distributed  by  terminal 
branches  chiefly  to  the  frout  and  inner  part  (§  43S).  The  inferior  thyroids  (§  423)  from 
the  subclavian  arteries  chiefly  supply  the  lower,  outer,  and  back  parts,  but  these  vessels 
anastomose  freely  with  each  other.  The  superior  thyroid  veins  accompany  the  arteries  as 
far  as  the  internal  jugular  vein.  The  middle  thyroids  join  the  common  jugular  vein  lower 
down,  both  these  vessels  crossing  the  carotid  artery.  The  inferior  thyroid  veins  descend  as 
an  irregular  plexus  on  the  trachea  to  join  the  innominate  veins  ;  occasionally,  a  middle 
thyroid  artery  arisiug  from  the  innominate  ascends  on  the  trachea  to  supply  the  body. 
This  vessel,  like  the  inferior  thyroid  veins,  is  endangered  in  tracheotomy.  There  is  usually 
1  "3  sq.  mm.  t>f  venous  lumen  for  each  ccm.  of  a  healthy  gland. 

Each  lobe  is  reddish  or  purplish  brown,  and  invested  by  an  areolar  capsule, 
which  sends  imperfect  septa  into  the  organ,  in  which  the  vessels  travel  and 
ramify.  The  lobe  consists  of  many 
irregular  lobules  united  by  an  inter-  " 
stitial  areolar  tissue  rich  in  white  blood 
corpuscles  and  connective  cells,  and 
containing  the  branchings  of  the  vessels 
surrounded  by  meshes,  not  uncom- 
monly filled  with  a  colloid  substance. 
Each  lobule  consists  of  many  closed 
follicles  about  from  -03  to  "o8  mm.  in 
diameter  (fig.  704).  These  cavities  are 
rounded,  lined  in  the  infant  by  a  cubical 
epithelium,  upon  a  structureless  mem- 
brana  propria,  filled  by  a  clear,  sticky 
serous  fluid,  and  surrounded  by  a  vas- 
cular submucous  layer.  In  the  adult, 
the  epithelium  becomes  lost  and  the 
follicular  wall  degenerates,  the  interior  becoming  filled  with  colloid  matter. 
The  capillaries  in  the  walls  are  very  close  meshed,  large,  and  often  varicose. 
The  juice  exuding  from  a  cut  thyroid  body  contains  colloid  matter,  broken 
up  epithelium,  and  blood  corpuscles  in  different  conditions  of  disintegration. 
Nerves  are  few,  derived  from  the  sympathetic,  and  they  accompany  the  blood- 
vessels ;  lymphatics  begin  in  lymph  spaces  between,  but  not  in,  the  walls  of 
the  follicles,  and  form  a  close  superficial  plexus  on  the  body,  ending  in  the 
lymphatic  ducts  of  each  side. 

The  thyroid  is  probably  in  some  sort  a  blood-forming  body,  and  seems  to  regulate  the 
production  of  mucin  in  the  body ;  as  when  extirpated,  a  condition  allied  to  myxcedema  is 
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Fig.  705. — Diagram  of  the  formation  of  the 
thyroid  body — t,  tongue ;  ep,  epiglottis  ; 
I,  larynx ;  ce,  oesophagus ;  tr,  trachea ; 
d.thyr,  thyroid  or  thyro-glossal  duct  des- 
cending from  the  spot  afterwards  marked 
by  the  foramen  caecum  ;  thin,  rudiment  of 
thymus  ;  /.  ihyr,  lateral  lobe  of  thyroid. 
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produced.  It  has  also  some  obscure  connection  with  the  nutrition  of  the  head,  as  when 
diseased  'or  extirpated,  a  condition  of  idiocy,  known  as  cretinism,  is  produced.  In  one 
curious  form  of  disease,  enlargement  of  this  body  is  associated  with  exophthalmos  and 
palpitation  of  the  heart,  probably  due  to  paralytic  conditions  of  the  vasomotor  nerves  of  the 
carotid  system. 

The  thyroid  body  is  a  neoplasm  arising  on  the  rudimental  thyTO-glOSSal  duet  (§  475), 
which  represents  the  hypobranchial  tube  of  proto-vertebrates,  and  arises  in  the  fourth  week 
of  embryonic  life  as  a  diverticulum  from  the  floor  of  the  mouth,  between  the  median  and  the 
two  lateral  parts  of  the  tongue.  It  dips  downwards  to  the  level  of  the  ventral  surface  of  the 
fourth  pair  of  branchial  pouches,  bifurcating  at  its  fundus,  and  giving  rise  to  the  middle 
lobe  and  isthmus.  Here  it  is  supplemented  by  a  pair  of  lateral  outgrowths,  derived  from 
the  epithelium  of  the  fourth  branchial  pouch,  which  give  origin  to  the  lateral  lobes.  The 
upper  part  of  the  duct  becomes  reduced  to  the  areolar  cord,  above  described  ;  but  the 
terminal  follicles  become  dilated  as  those  of  the  organ.  At  birth,  this  organ  is  about  -si^th 
of  the  weight  of  the  body  ;  in  three  months  it  has  diminished  to  become  y-j^th  ;  at  the  end 
of  one  year,  xiW^h  ;  and  in  the  adult  it  is  usually  less  than  ^yVoth. 


Fig.  706.  —  Superficial  dissection  of  the  nose  — 18,  supratrochlear  artery  lying  in  the  pyra- 
midalis  nasi ;  32,  insertion  of  compressor  nasi ;  31,  levator  labii  superioris  alaeque  nasi, 
levator  proprius  ake  nasi  posterior  crosses  the  ala  of  the  nose  towards  the  nostril  to  the 
left  of  31. 

The  structure  of  the  three  bodies,  which,  arising  as  ventral  diverticula  from  the  pharynx, 
forms  an  interesting  contrast.  In  the  lungs  (p.  14)  the  tubules  persist  and  become  air 
tubes,  the  epithelium  thins,  and  the  vascular  element  becomes  the  chief  peculiarity  of  the 
lining  of  the  outgrowth.  In  the  thymus  (p.  343),  whose  median  part  arises  as  a  ventral 
pouch  from  the  third  visceral  pouch,  the  terminal  follicles  atrophy,  the  tubules  become 
obliterated,  and  the  interstitial  lymphoid  tissue  of  the  wall  is  that  which  becomes 
specially  developed.  In  the  thyroid  the  follicles  themselves  enlarge  and  become  modified, 
and  the  tubules  disappear.  The  specialisations  of  function  which  give  rise  to  the 
modification  of  structure  in  the  two  last  are  not  yet  understood.  Occasionally,  the  thyro- 
glossal  duct  remains  pervious  in  part,  and  sometimes  from  the  development  of  follicular 
tissue  about  it,   accessory  suprathyroid,  prehyoid,  or  suprahyoid  lobes  of  the  thyroid  are 
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developed.  Sometimes  closed  follicles,  like  those  of  the  thyroid  body,  exist  at  the  bottom  of 
the  foramen  caecum,  which  is  the  lingual  end  of  the  duct.  Cystic  dilatations  of  these  follicles 
are  not  uncommon.     The  dual  arterial  supply  is  correlated  with  its  dual  origin. 

508.  THE  NASAL  CAVITIES  open  posteriorly  into  the  pharynx  by  the 
Choange  or  posterior  nares  (fig.  685),  and  anteriorly  on  the  face  by  the  nostrils. 
The  latter  are  narrow  ovoid  openings,  bounded  externally  by  the  nasal  lobe 
{ala  nasi),  internally  by  the  COllimna  nasi,  and  lined  by  skin  continuous 
with  that  of  the  nose  and  lip. 

These  openings  average  15  cm.  long  by  6  broad  in  the  female ;  18  by  7  in  the 
male  (European).  They  are  usually  wider  and  shorter  in  other  races  ;  and  their  long  axes, 
which  in  the  European  diverge  backwards  at  an  angle  of  250,  in  negroes  diverge  at  an  angle 
of  900  or  upwards. 

The  nasal  skin  is  thin  and  loose  over  the  bones,  more  firmly  attached  to 
the  surfaces  of  the  cartilages,  most  closely  tied  to  the  dense  areolar  and  fatty 
tissue  which  makes  the  nasal  lobe.  Its  vessels 
form  a  superficial  network  in  the  corium,  liable 
to  passive  hyperemia  from  many  causes.  The 
tough  reticular  deep  layer  of  the  cutis  is  a 
common  site  of  lupus.  Sweat  glands  and  fine 
hairs  sunk  in  small  follicles,  into  which  large 
sebaceous  glands  open,  are  scattered  over  the 
surface  of  the  nasal  tip ;  about  60  being  found 
in  a  sq.  cm.  These  open  obliquely,  and  are 
liable  to  be  blocked  up,  so  giving  rise  to 
inflammatory  spots. 

Dissection. — Divide  the  skin  along  the  middle  of 
the  nasal  ridge  and  around  the  margin  of  the  nostril, 
and  reflect  it  outwards  ;  a  few  weak  subjacent  muscles 
are  exposed.  The  nasal  insertion  of  the  frontalis  (pyra- 
midalis  nasi,  p.  527)  is  seen  descending  from  the  forehead 
to  be  lost  in  the  skin  over  the  bones. 

Compressor  nasi  (tig.  706),  a  thin,  some- 
what triangular,  fasciculated  muscle,  with  in- 
definite borders,  arises  from  the  front  of  the 
maxilla  on  each  side  of  the  opening  of  the 
piriform  aperture  (p.  206),  and  expands  thence 
upwards  and  inwards  to  be  inserted  into  the 
subcutaneous  tissue  over  the  nasal  ridge  for 
nearly  its  whole  length.  At  its  origin,  its 
separation  from  the  levator  anguli  oris  is  arti- 
ficial, and  it  underlies  the  levator  labii  superioris 

and  the  nasal  bi'anches  of  the  infraorbital  vessels  and  nerves.  The  lowest  fibres 
lie  in  the  substance  of  the  lip  below  the  nostril,  having  no  bony  origin,  and 
ascend  to  be  inserted  into  the  columna  nasi  (naso-labialis).  The  middle  fibres 
have  likewise  no  bony  origin,  but  arise  in  the  substance  of  the  upper  lip  at 
its  upper  attachment  and  pass  into  the  tissue  of  the  ala  of  the  nose  (depressor 
ala  nasi).  Only  the  upper  and  outer  fibres  have  normally  a  bony  origin,  but 
any  division  of  these  parts  into  separate  muscles  is  artificial. 

This  muscle  is  a  segmentation  of  the  deeper  or  sphincter-colli  stratum  (§  406),  the 
superficial  or  platysmal  layer  of  nasal  fibres  being  represented  by  the  nasal  insertion  of  the 
levator  labii  superioris.  The  fibres  occasionally  figured  as  levator  proprius  aim  nasi  anterior 
and  posterior  are  detached  inner  fibres,  segmented  from  the  levator  labii  superioris.  Occa- 
sionally there  are  a  few  fibres  which  descend  into  the  ala  nasi  from  the  alar  cartilage.  One 
such  fascicle  passes  forwards  to  the  tip  of  the  nose  (compressor  narium  minor),  and  another 
passes  backwards  to  the  skin  of  the  margin  of  the  nostril  (dilator  naris  anterior)  ;  but 
these  muscles  are  rarely  distinct. 


Fig.  707.  — Front  view  of  nasal  car- 
tilages—  1,  nasal  process  of  max- 
illa ;  2,  nasal  bones ;  3,  septal 
cartilage  ;  4,  lateral  cartilage  ;  5, 
alar  cartilage  ;  6,  sesamoid  car- 
tilages ;  7,  ala  nasi. 
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These  muscles  are  supplied  by  the  superior  bucco-labial  branch  of  the  facial 
nerve  (§  456).  The  skin  overlying  them  is  supplied  by  the  infratrochlear  branch 
Of  the  nasal  nerve  (§  524),  the  infraorbital  branch  of  the  superior  maxillary 
(§  533))  anc^  tne  terminal  filaments  of  the  nasal  (fig.  614),  all  from  the  fifth 
pair. 

In  the  tissues  on  the  side  of  the  nose  the  nasal  branch  of  the  facial  artery 
(fig.  706)  ramifies,  anastomosing  above  with  the  angular  branch  of  the  trans- 
verse facial  and  the  nasal  branch  of  the  ophthalmic  artery  (ib.,  19),  and  below 
with  the  superior  labial. 

The  nasal  cartilages  seen  by  removing  these  muscles  are  six  pairs  and 
one  single  (fig.  7°  7)- 

1.  The  alar  cartilages  bound  the  nostril  laterally,  in  front,  and  internally, 
forming  the  tip  of  the  nose  and  curving  backwards  above,  not  in,  the  true  ala 
nasi.  These  are  a  pair  of  curved  structures,  whose  inner  crura  lie  side  by  side 
in  the  columna ;  at  the  nasal  tip  each  cartilage  bends  outwards,  forming  the 
angulus  pinnalis,  from  which  the  outer  crus  passes  backwards  as  an  ovoid  plate 
which  thins  out  towards  the  bony  edge  of  the  pyriform  aperture,  and  is  attached 
by  fibrous  membrane  to  the  thin  nasal  edge  of  the  maxilla. 

2,  3.  In  this  fibrous  tissue  on  each  side  are  two  small  accessory  quadrate 
Cartilages,  each  about  2  mm.  in  diameter  (below  the  line  from  3  in  fig.  707). 

The  lower  border  of  the  alar 
cartilage  is  closely  connected  by 
its  fibrous  sheath  to  the  skin  of 
the  alar  sulcus,  above  the  true 
nasal  ala. 

The  tip  of  the  nose  consists  of  the 
anguli  of  the  two  alar  cartilages  here 
tied  together  by  transverse  fibres  and 
an  intervening  elastic  reticulum.  Oc- 
casionally a  separate  cartilaginous  strip 
overlies  the  outer  crus  of  the  alar  car- 
tilage. 

4.  Between  the  alar  cartilages 
and    the    nasal    bones    are    the 

lateral  expansions  of  the  sep- 
tal cartilage,  appearing  as  a  pair 
of    triangular    plates,     attached 
pjo.  7Qg  above  and  externally  to  the  lower 

edges  of  the  nasal  bones  by  an 
intervening  fibrous  tissue,  continuous  from  the  periosteum  to  the  perichondrium. 
These  are  marked  off  from  the  median  part  of  the  septum  by  notches  below 
and  medially,  but  are  otherwise  inseparable  from  it  (fig.  707,  4). 

5.  Two  small  sesamoid  cartilag'es,  about  5  mm.  long  by  3  broad,  occupy, 
but  clo  not  fill,  the  triangular  interspace  between  these,  the  septal  and  the  alar 
cartilages  (below  4  in  fig.  707). 

6.  The  Jaeobsonian  cartilages  and  the  single  or  septal  cartilage  will 

be  seen  later. 

Dissection. — Remove  the  portion  of  the  lower  jaw  attached  to  the  anterior  fragment  of 
the  skull.  Saw  through  the  hard  palate  and  alveolar  arch  sagittally  to  the  left  of  the  middle 
line.  Divide  also  sagittally  with  the  saw  the  roof  of  the  nose  on  the  left  side  of  the  crista 
galli,  cutting  through  the  frontal,  the  left  side  of  the  cribriform  plate,  the  left  nasal  bone,  and 
the  body  of  the  sphenoid.     The  cavity  of  the  nose  is  thus  opened  on  one  side  (fig.  70S). 

The  nasal  f0SSSB  of  the  two  sides  are  separated  from  each  other  medially 
by  the  thin  fiat  septum,  which  is  rarely  symmetrical  in  the  adult,  as  it  has 
become  displaced  to  one  side  or  other,  usually  to  the  right,  by  the  force  of  the 
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air  and  the  unequal  closure  of  the  nostrils  in  blowing  the  nose.     The  outer  side 
of  the  nasal  fossa  on  each  side  is  irregular,  presenting  three  projections,  the 
spongy  hones  and  three  intervening  recesses,  the  meatuses  (fig.  309). 
The  cavity  of  the  nose  is  divisible  into  three  regions  : — ■ 

1.  The  vestibule,  which  extends  inwards  from  the  aperture  of  the  nostril 
on  the  inner  surface  of  the  alar  cartilage  and  a  little  above  it.  This  space  is 
lined  by  modified  skin,  bearing  strong  and  projecting  hairs  (vibrissce)  which 
serve  to  prevent  the  entrance  of  the  coarser  particles  of  dust  into  the  nose. 
These  hairs  are  stronger  in  the  male  sex,  and,  in  some  races,  notably  in  the 
celtic  people  of  western  E\irope.  The  skin  lining  this  cavity  is  covered  by 
a  stratified  squamous  epithelium,  has  a  few  sebaceous  glands,  and  few  papillae,  is 
tightly  tied  down  to  the  underlying  parts,  and  often  px*esents  a  somewhat 
reticular  appearance.  In  front,  the  cavity  expands  forwards  into  a  pouch,  the 
apical  recess  ;  behind  and  externally,  it  presents  a  sharp  marginal  fold. 

2.  Behind  the  vestibule  the  mucosa-clad  cavum  nasi  is  divided  into  two  parts 
— the  lower,  wider  region  below  the  middle  spongy  bone  is  called  the  pespiP- 
atOPy  tract,  and  extends  backwards  to  the  posterior  nares. 

3.  The  uppermost  part,  the  olfactory  tPaet,  is  narrow,  with  a  slit-like 
cavity  extending  upwards  to  the  cribriform  plate  of  the  ethmoid  bone. 

The  irregular  outer  wall  of  the  respiratory  tract  in  front  of  the  spongy  bones 
and  above  the  vestibular  area  is  called  the  region  Of  the  atpium.  This 
space  has  a  flatfish  outer  surface,  and  lies  behind  and  beneath  the  nasal  bones, 
whose  inner  surface  bounds  a  narrow  anterior  nasal  groove  anteriorly  and 
above. 

At  the  upper  and  back  part  of  the  atrium,  as  it  ascends  towards  the  frontal 
bone,  this  wall  projects  into  a  convex  eminence,  the  ag'g'eP,  a  rudiment  of  the 
anterior  or  naso-turbinal  bone  found  in  some  mammals. 

The  inferior  meatus  is  bounded  below  by  the  nasal  floor,  above  by  the 
inferior  tUPDinal  hone.  The  mucosa  covering  this  bone  is  thick,  and  often 
projects  as  a  soft  pulpy  swelling  posteriorly,  where  it  lies  opposite  the  middle 
of  the  pi  sterior  nares.  By  cutting  away  with  the  scissors  this  inferior  turbinal, 
the  roof  of  the  inferior  meatus  is  seen  to  rise  external  to  it  at  its  anterior  third, 
and  the  oblique  opening  of  the  nasal  duct  is  here  visible  near  its  highest  point 
(p.  646).  Patches  of  vascular  tissue  simulating  erectile  tissue  are  found  in  the 
submucous  layer,  and  are  liable  to  engorgement  in  catarrh,  and  to  chronic 
induration. 

On  the  floor  of  the  nose,  below  this  meatus  and  close  to  the  anterior  end  of 
the  septum,  there  is  a  small  conical  pit  which,  after  a  short  course,  ends 
blindly.  A  pin  forced  into  this  pit  can  be  made  to  traverse  the  bony  anterior 
palatine  canal  (fig.  311)  and  to  emerge  on  the  incisive  papilla  in  the  mouth,  its 
track  representing  the  course  of  the  obliterated  canal  Of  Stenson  (p.  596). 
This  canal  is  seldom  pervious,  even  in  the  infant  at  birth,  and  usually  becomes 
obscure  with  advancing  years  ;  a  cord  of  soft  connective  tissue  in  which  there 
is  a  central,  very  interrupted  core  of  broken-down  epithelium,  is  usually  its 
only  representative.  On  the  wall  of  this  cord  the  palatine  branches  of  the  naso- 
palatine arteries  descend  to  the  palate ;  and  through  two  fine  holes  (canals  of 
Scappa),  which  traverse  the  bone  in  front  and  behind  the  Stensonian  canals, 
the  palatine  branches  of  the  naso-palatine  nerves  pass,  the  left  nerve  usually 
lying  in  the  foremost  canal.  These  fine  tubules  open  below  into  the  common 
central  rudiment  of  the  anterior  palatine  canal.  The  nerves  here  display 
a  slight  thickening,  but  no  trace  of  a  true  ganglion  (pseudo-ganglion  of  Cloquet). 

JaCObSOnian  Organ. — Above  the  opening  of  Stenson 's  canal  on  each  side  there  is  a 
slight  oblique  thickening  on  the  nasal  septum,  and,  at  its  anterior  and  inferior  part,  a  minute 
opening,  about  o-3  mm.  in  diameter,  leads  into  a  blind  pouch  about  6  mm.  long,  whose 
fundus  is  directed  upwards  and  backwards.     This  pouch  is  the  rudiment  of  the  Jacob- 
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SOnian  organ,  and  although  its  opening  is]  not  always  apparent,  yet  when  sought  for  by- 
section  it  is  always  to  be  found. 

The  JaCObsonian  Cartilage. — A.  minute  strip  of  cartilage  runs  beneath  this  tube, 
but  docs  not  encapsulate  it  as  in  many  mammals.  This  is  attached  by  a  rather  firm  areolar 
sheath  to  the  septal  cartilage,  but  is  structurally  quite  distinct  therefrom  ;  it  is  usually 
about  i  "5  mm.  wide  and  4  mm.  long. 

The  rudimental  Jacobsonian  tube  is  lined  by  ciliated  epithelium,  and  in  the  embryo  a 
minute  twig  of  the  olfactory  nerve  appears  to  descend  towards,  if  not  to,  it,  but  this  has 
apparently  atrophied  in  the  adult. 

The  space  above  the  inferior  spongy  bone  is  the  middle  meatus,  which 
is  overlapped  above  by  the  projection  of  the  middle  turbinal  bone,  a  portion 
of  the  ethmoid.  The  lower  border  of  this  bone  is  prominent,  and  forms  the 
boundary  separating  the  respiratory  from  the  olfactory  tracts.  The  wideness 
of  the  former  and  the  narrowness  of  the  latter  can  be  seen  in  vertical  coronal 
sections,  and  should  be  l'emembered  in  surgery  (fig.  709).  The  cavities  are 
often  unsymmetrical. 

It  is  along  the  floor  of  the  nose  in  the  respiratory  tract  that  instruments  are  passed  to 
plug  the  posterior  nares  and  to  catheterise  the  Eustachian  tube. 

The  front  border  of  the  middle  turbinal  bone  (fig.  309,  12)  projects  as  a 
fiap,  the  operculum,  whose  anterior  and  inferior  margins  meet  nearly  at  a 
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right  angle  (the  opercular  angle),  and  this,  when  raised,  shows  beneath  it  a 
curved  groove,  the  infundibulum,  which  ascends  forwards,  opening  above  by 
a  short  wide  passage  into  the  frontal  sinus. 

By  cutting  off  this  border  with  a  pair  of  scissors,  the  infundibulum  is 
fully  exposed  and  its  sharp-edged  gutter-like  anterior  boundary,  the  bulla 
ethmoidalis,  is  fully  shown ;  along  the  course  of  the  infundibulum  are  the 

openings  of  the  fronto-ethmoidal  and  laerymo-ethmoidal  cells. 

Above  and  behind  the  middle  turbinal  bone  is  a  short  and  anteriorly  upturned 

superior  meatus,  into  which  the  posterior  fronto-ethmoidal  cells  and 
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the  palatoethmoidal  cells  open.     Still  higher,  is  the  small  superior 

turbinal  bone,  above  which  is  a  fourth  meatus  beneath  the  spheno-turbinal 
which  here  forms  the  nasal  roof.  Into  this  the  sphenoidal  sinus  opens  by  a 
small,  round,  forward  directed  opening.  Occasionally,  a  lobe  of  the  superior 
turbinated  bone  appears  as  a  fourth  spongy  bone,  the  concha  SUprema. 

The  mucous  membrane  lining  the  respiratory  tract  of  the  nose  is  lined  by 
ciliated  columnar  epithelium,  between  the  bases  of  whose  cells  are  smaller 
intermediate  cells.  The  corium  beneath  has  no  papillae,  but  contains  very 
many  and  very  freely  communicating  blood-vessels,  especially  veins,  which  give 
to  it  a  cavernous  structure,  especially  in  patches.  Sunk  in  this  tissue  are  many 
acinose  glands,  which  are  for  the  most  part  acpiiparous,  though  some  are  mixed. 
The  mucous  secretion  of  the  nose  is  chiefly  derived  from  the  muciparous  cells 
scattered  through  the  general  epithelium,  many  of  which  usually  exhibit  the 
goblet  condition.  The  space  between  the  plane  of  the  openings  of  the  choanse  and 
the  hinder  ends  of  the  turbinal  bones  has  been  named  by  Allen  the  posterula. 

The  glands  are  about  70  to  the  square  centimetre  on  the  septum,  fewer  and  larger  on  the 
inferior  turbinal.  Arteries  are  numerous,  though  smaller  than  the  veins,  and  lymphatics 
are  abundant,  the  mucosa  being  studded  with  minute  patches  of  lymphoid  tissue,  through 
which  a  constant  wandering  of  white  corpuscles 
takes  place  to  the  surface.  The  deep  layer  of 
the  mucosa  is  continuous  with  the  thin  under- 
lying periosteum.  Irregularly  scattered  fibres 
of  smooth  muscle  surround  many  of  the  larger 
mucous  glands,  and  are  mixed  up  with  the 
venous  plexuses.  The  epithelium  seldom  exceeds 
60  p.  in  thickness. 

The  mucous  membrane  of  the  olfactory  tract 
of  the  nose  is  thick  and  soft,  and  its  epithelium 
is  ciliated  only  in  patches,  but  these  islands  are 
included  in  a  general  area  of  non-ciliated  epi- 
thelium where  the  mucosa  is  yellowish-brown. 
The  non-ciliated  region  includes  the  superior 
spongy  bone,  the  iipper  third  of  the  septum,  the 
roof  of  the  nose  and  the  upper  half  of  the  middle 
spongy  bone ;  the  epithelium  is  here  thick, 
columnar  (100  ^)  with  cells  of  three  kinds  : — 

1.  Columnar  cells,  each  within  an  oval  nucleus 
near  its  surface  (fig.  50,  E).  The  free  end  of 
each  cell  is  longitudinally  striated,  the  attached 
end  is  irregular,  narrower,  and  moulded  to  the 
neighbouring  cells,  expanding  into  a  foot  on  the 
corium.  The  yellow  pigment  of  this  region  is 
chiefly  contained  in  these  cells. 

2.  Rod  cells  or  smelling  cells  (fig.  50,  N). 
These  have  an  oval  nucleus  beyond  which  the 
cell  narrows  into  a  cylindrical  rod,  whose  free 
end  is  often  divided  into  hair-like  processes. 
The  attached  end  narrows  and  becomes  a  inonili- 
form  fibre,  probably  nervous.  These  cells  vary 
much  in  the  relative  length  of  their  rod-like  and 
their  attached  ends. 

3.  Basal  cells,  which  are  flat  or  branched,  resting  on  the  basement  membrane  and  anasto- 
mosing by  their  processes.  An  exceedingly  tine  cuticle,  the  membrana  liwitans  olfactoria, 
covers  the  surface  of  the  membrane,  but  it  is  pierced  by  the  protruding  rod-like  ends  of  the 
smelling  cells. 

Mixed  with  these  various  kinds  of  epithelium  are  the  ducts  of  Bowma?i's  glands,  which 
are  tubular  glands  with  few  alveoli,  simpler  than  those  in  the  respiratory  tract,  and  opening 
by  fine  ducts ;  each  tubule  is  lined  by  a  polygonal  granular  epithelium.  These  glands  co-exist 
with  the  non-ciliated  epithelium,  and  the  ordinary  glands  before  described  occur  with  the 
ciliated  epithelium. 

The  olfactory  region  receives  the  distribution  of  the  branches  of  the  olfactory 
nerves.      These    commence   as   about   twenty-five   olfactory  threads   from   the 


Fig.  710.  —  Section  of  olfactory  mucous 
membrane  of  rabbit,  x  560 — ■%  disc  ;  zo, 
zone  of  oval  nuclei ;  zr,  zone  of  spherical 
nuclei ;  b,  basal  cells  ;  dr,  Bowman's 
glands  ;  n,  olfactory  nerve  filaments. 
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ventral  surfaces  of  the  olfactory  bulb  and  traverse  the  foramina  in  the  cribri- 
form plate,  sheathed  in  processes  of  dura  mater.  The  filaments  which  pierce 
through  the  outer  row  of  holes  are  the  most  numerous.  Those  which  pierce 
through  the  inner  are  the  fewest  but  the  largest.  These  nerve  threads  form  close- 
meshed  anastomoses,  lying  at  first  in  grooves  on  the  surfaces  of  the  bones,  then, 
as  they  branch,  becoming  more  superficial,  and  finally  ending  in  the  olfactory 
epithelium.  Each  of  the  fibrils  is  non-medullated,  consisting  of  an  axis  cylinder 
within  a  sheath  of  Schwann.  Along  with  these  nerves  descend  perineural 
lymph  tracts,  by  which  the  lymphatic  tissue  of  the  olfactory  region  is  directly 
continuous  both  with  the  subdural  and  the  subarachnoid  lymph  spaces  (p.  60). 
Descending  obliquely  on  the  septum  is  the  naso-palatine  nerve,  and  on  the 
hinder  part  of  the  outer  wall  the  spheno-palatine  nerve  ramifies  (§  534).  The 
nasal  branch  of  the  ophthalmic  nerve  (§  524)  passes  along  the  anterior  part  of 
the  sulcus  olfactorius  and  on  the  inner  surface  of  the  anterior  nasal  groove. 
With  the  naso-  and  spheno-palatine  nerves  are  their  companion  arteries,  which 
are  the  terminal  branches  of  the  internal  maxillary  (p.  581),  and,  with  the 
branches  of  the  olfactory  nerves,  minute  branches  of  the  anterior  and  posterior 
ethmoidal  arteries  from  the  ophthalmic  descend.  The  pteiygo-pharyngeal  artery 
and  nerve  lie  also  in  the  canal  of  that  name  at  the  hinder  part  of  the  nasal 
roof. 

The  nasal  fossae  develope  as  a  pair  of  anterior  pits  on  the  front  of  the  embryonic  head 
between  the  middle  and  lateral  fronto-nasal  processes  (p.  16).  These  first  appear  at  the 
beginning  of  the  fourth  week,  and  are  continuous  with  the  mouth.  In  the  seventh  week  a 
secondary  groove  appears  on  the  outer  side  of  the  middle  nasal  process,  the  rudiment  of  the 
Jacobsonian  organ.  In  the  course  of  growth  the  maxillary  lobe  joins  the  outer  part  of  the 
middle  and  lateral  fronto-nasal  processes,  closing  the  groove  along  which  the  nasal  duct 
(§  5 1 3)  becomes  later  secondarily  developed.  The  nasal  fossa?  at  first  appear  as  two  deep 
narrow  pits  which  open  into  the  roof  of  the  mouth  and  pharynx  from  the  nostril  to  the 
basisphenoid.  When  the  premaxilla?  have,  by  their  development  in  front,  separated  the 
nasal  from  the  oral  border,  then  the  anterior  nostril  is  shut  off  from  the  naso-palatine  open- 
ing which  extends  along  a  line  which  joins  the  anterior  palatine  foramen  to  the  body  of  the 
sphenoid  (fig.  33).  The  development  of  the  secondary  palate  (fig.  35)  afterwards  shuts  off 
from  the  mouth  the  region  of  the  inferior  meatus  (ductus  naso-pharyngem),  or  the  main  part 
of  the  respiratory  region  of  the  nose.  The  projection  of  the  outer  nose  begins  to  be  visible 
at  the  second  month. 

The  structures  forming  the  septum  form  an  interesting  morphological  study,  the  septal 
cartilage  is  the  survival  of  the  primitive  mesethmoid  cartilage  formed  by  the  fused  trabecule 
(p.  245) ;  the  vomer  is  a  parostotic  ossification  of  two  lamella?  which  have  embraced,  and 
caused  the  absorption  of,  their  contained  lamella  of  cartilage  and  then  have  fused.  The 
lamina  perpendicularis  of  the  ethmoid  is  an  ectosteal  ossification  in  the  mesethmoid. 

509.  THE  ACCESSORY  CAVITIES  communicating  with  the  nasal  fosste 
are  air  spaces  in  the  neighbouring  bones,  primarily  developed  in  order  to  lighten 
the  bones,  which,  from  their  physical  conditions  as  support  bones  for  the  brain, 
require  to  have  a  certain  amount  of  extension.  Secondarily,  they  act  as  reson- 
ating cavities.      They  are — 

1.  The  ethmoidal  Cells. — These  spaces,  as  seen  in  the  description  of  the 
bone  (p.  230),  are  disposed  in  all  directions  around  the  lateral  circumference  of 
the  ethmoid.  They  arise  as  peripheral  pouchings  of  the  mucosa,  expanding  the 
wall  of  the  primitive  cartilaginous  nasal  capsule,  and  they  become  secondarily 
related  to  the  other  surrounding  bones  when  the  lamella?  of  the  ethmoid,  which 
at  first  enclose  them,  undergo  absorption.  The  fronto-ethmoidal  cells  are 
two,  and  open  into  the  infundibulum ;  so  do  the  two  lacrymo-ethmoidal  and 
the  anterior  maxillo-ethmoidal.  Each  of  these  has  a  separate  opening.  The 
mucosa  lining  these  cells  is  thin,  with  a  ciliated  epithelial  surface,  a  thin 
basement,  and  a  submucous  tissue,  inseparable  from  the  periosteum.  There 
are  no  mucous  glands  in  the  lacrymo-ethmoidal  or  maxillo-ethmoidal  cells,  but 
there  are  a  few  in  the  fronto-ethmoidals.     There  are  two  posterior   maxillo- 
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ethmoidal,  one  palato-ethmoidal,  and  one  spheno-ethmoidal,  cells.  The  mem- 
branous linings  of  the  lacryrno-  and  anterior  maxillo-ethmoidal  cells  are  innervated 
by  the  nasal  nerve,  the  spheno-  and  palato-ethmoidal  cells  by  branches  from  the 
spheno-palatine. 

2.  The  frontal  Sinus  is  usually  unsymmetrical,  larger  on  the  side  from 
which  the  nasal  septum  is  bent,  and  for  the  same  reason  ;  its  lining  membrane 
is  thicker,  and  receives  filaments  of  the  supi-aorbital  nerve,  and  contains  a  few 
aquiparous  glands.  The  bulge  of  the  glabellar  area  of  the  forehead  depends 
on  its  size. 

The  cavity  begins  to  develope  at  seven  years  of  age,  and  is  at  first  a  pouch  of 
mucosa  uncovered  by  cartilage,  in  which  respect  it  differs  from  all  the  other  out- 
gi-owths.  It  is  usually  larger  in  males,  but  in  females  it  may  also  be  capacious, 
in  which  case  it  very  often  rather  bulges  the  internal  table  of  the  skull  inwards 
than  the  forehead  outwards.  The  interfrontal  septum  is  occasionally  thick, 
and  is  especially  so  in  metopic  skulls,  but  small  sinuses  usually  co-exist  with 
metopism.  Sometimes  the  sinus  encroaches  considerably  on  the  orbital  roof. 
The  sinus  is  very  large  in  Australian  skulls. 

3.  Antrum  maxillare  (fig.  707). — The  mode  of  development  of  this  cavity 
has  been  noted  already  (p.  237);  its  extent  is  variable,  and  it  may  even  extend 
into  the  anterior  part  of  the  zygoma.  Its  mucosa  is  thicker  than  that  of  the 
other  cavities,  and  contains  a  number  of  mixed  gland-acini.  In  shape  it  is  a 
three-sided  pyramid,  and  its  opening  is  a  small  oblique  slit  or  oval  opening 
about  8  mm.  long.  The  borders  of  the  opening  are  membranous,  but  if  this  be 
torn  away,  the  mouth  appears  to  be  bounded  by  the  inferior  turbinal  below, 
the  uncinate  process  of  the  ethmoid  above,  the  palate  bone  behind,  and  the 
lacrymal  or  ethmoidal  in  front.  In  its  roof  are  branches  of  the  superior 
maxillary  nerve,  which  supply  its  mucosa,  and  of  the  infraorbital  artery ;  in 
its  front  wall  the  anterior  dental  nerves  and  arteries  descend ;  in  its  hinder 
and  outer  wall  the  posterior  superior  dental  nerves  and  vessels  are  enclosed, 
and  below  lies  the  alveolar  arch,  containing  the  molar  teeth. 

4.  The  sphenoidal  Sinus  is  also  of  variable  extent,  not  uncommonly 
stretching  into  the  roots  of  the  pterygoid  processes.  Its  mucosa  is  thin,  with 
about  20  glands,  mostly  muciparous,  and  its  opening  is  particularly  small. 
Prominent  ridges  of  bone  usually  project  into  its  cavity,  often  subdividing 
it  into  upper  and  lower  compartments.  This  cavity  appears  first  in  the  begin- 
ning of  the  third  year  as  pouches  of  the  mucosa,  projecting  into  the  spaces 
between  the  cornua  Bertini  and  the  basisphenoid.  The  former  become  flattened 
and  hollowed  about  the  seventh  yeai\  It  may  extend  into  the  pre-  as  well  as 
the  basisphenoid ;  so  may  the  spheno-ethmoidal  cell,  giving  in  section  the 
-appearance  of  four  cavities  within  the  sphenoid. 

The  average  area  of  these  accessory  cavities  hi  proportion  to  the  nasal  fossae  is  in  the  adult 
male  135  :  100 ;  in  the  average  female  126  :  100;  but  they  enlarge  rapidly  with  advancing 
age,  and  they  may  even  be  in  the  proportion  of  175  :  100.  The  antrum  is  usually  the 
largest,  not  uncommonly  larger  than  all  the  others  taken  together.  These  cavities  have 
a  considerable  influence  in  modifying  the  timbre  of  nasal  sounds.  These  cavities,  as  well  as 
the  nasal  fosste,  are  seldom  perfectly  symmetrical. 
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THE   EYE  AND   ITS   APPENDAGES. 


510.  Before  removing  the  skin  covering  the  eyelids,  the  eyebrow,  lids,  and  the  front  of  the 
eye  should  again  be  examined  (§  396). 

The  earuneula  laerymalis,  which  should  now  be  dissected,  consists  of  a  small  mass  of 
areolar  tissue,  covered  by  mucous  membrane,  and  containing  a  group  of  aborted  hair  bulbs 
and  glands. 

The  skin  covering  the  free  border  of  the  lids,  where  they  are  opposed  to 
each  other  in  closure  of  the  eye,  becomes  modified,  and  is  closely  tied  to  the  sub- 
jacent tarsal  body.  It  is  garnished  with  large  papillae,  which,  however,  are  quite 
bedded  in  the  stratified  epidermis  ;  and  it  presents,  close  to  the  ocular  margin,  a 
row  of  fine  holes,  the  mouths  of  the  Meibomian  glands.  The  lower  surface  of 
the  upper  lid  in  closure  is  oblique,  its  anterior  limbus  descending  lower  than  its 
posterior,  while  in  the  lower  lid  the  posterior  limbus  is  the  higher.  At  the 
postei'ior  limbus  the  skin  becomes  continuous  with  the  conjunctiva ;  and  as  this 
ascends  beneath  the  upper  lid  to  the  fornix  conjunctivae  superior,  it  is  at  first 
tightly  bound  to  the  fibrous  tissue  beneath,  but  above  is  more  loosely  connected 
as  far  as  the  fornix,  where  it  turns  acutely,  and  is  reflected  over  the  front  of  the 
eyeball.  It  is  similarly  attached  on  the  lower  lid.  The  ocular  conjunctiva 
which  covers  the  white  of  the  eye  (sclerotic)  is  loosely  attached,  and  can  be  easily 
lifted  oft*  by  dissection  ;  the  continuation  of  the  membrane  over  the  transparent 
window  of  the  eye  or  cornea  is  firmly  tied  down. 

The  surface  of  the  conjunctiva  under  the  upper  lid  shows  a  faintly  swollen 
or  ridged  area  externally,  beginning  from  the  external  canthus  and  extending 
for  1  cm.  upwards  and  inwards  towards  the  superior  fornix.  On  this  area 
laCPymaliS  the  ducts  of  the  tear-gland  open. 

Of  the  two  lids,  the  upper  presents  much  the  larger  ocular  area,  and  is  the 
more  extensile.  When  the  lids  are  closed,  the  conjunctiva  becomes  a  closed 
cavity,  receiving  the  tears  externally,  and  discharging  them  through  the  puncta 
internally.  The  substance  of  the  lid  feels  soft  and  pliant,  except  along  its 
margins  where  the  tissues  are  condensed.  This  firm  part  is  the  pars 
tarsaliS,  the  softer  circumference  is  the  pars  orbitalis. 

The  skin  of  the  lids  is  sparingly  beset  with  small  papilla?,  except  close  to 
the  outer  limbus  where  these  are  larger  ;  it  is  sensitive  to  titillation,  but  not 
very  acutely  sensitive  to  pain.  The  subcutaneous  tissue  is  loose  and  areolar, 
without  fat. 

The  size  of  the  rictus  varies  with  the  condition  of  the  lids  and  the  position 
of  the  eyeball.  With  eyes  looking  straight  forwards  the  lower  edge  of  the 
upper  lid  is  a  little  below  the  level  of  the  top  of  the  cornea,  and  the  lower  lid 
is  on  the  level  of  the  lower  border  of  the  cornea.  With  eyes  raised  to  their 
maximum  the  rictus  dilates,  the  upper  lid  is  raised  to  the  upper  edge  of  the 
cornea,  while  a  strip  of  white  sclerotic  is  visible  between  the  lower  corneal 
margin  and  the  lower  lid.  With  downcast  eyes  the  lower  lid  is  conterminous 
with  the  lower  corneal  edge,  but  the  upper  sinks  to  the  level  of  the  top  of  the 
pupil.  In  ordinary  closure  the  lower  edge  of  the  upper  lid  descends  to  the 
lower  corneal  edge. 

Development  Of  the  lids.— At  the  second  month  of  fcetal  life  marginal  folds  appear 
above  and  below  the  eyeball.  These  rapidly  extend,  and  their  edges  unite  about  the  third 
month  by  a  fusion  of  their  epithelium  when  they  come  into  contact,  closing  in  the  con- 
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junctival  space.  This  remains  as  a  shut  sac  until  the  beginning  of  the  sixth  month,  when 
the  edges  again  become  separated.  During  this  stage  of  union  the  Meibomian  glands  and 
hair  sacs  develope.  These  and  the  lacrymal  glands  at  first  are  solid  columns  of  epithelial 
cells.  The  average  length  of  the  adult  rictus  oculi  is  29/5  mm.;  often  a  little  larger  in 
females.  The  average  width  from  inuer  cauthus  to  inner  canthus  of  the  interocular  space  is 
32  mm.  in  the  Western  European  male,  30  in  the  female.  The  interval  is  greater  in  the 
Turanian  races,  averaging  36  mm.  in  the  male,  34  in  the  female. 

Only  the  anterior  third  of  the  surface  of  the  eyeball  is  freely  exposed  in 
front  between  the  fornices,  and  this  consists  of  the  cornea  and  a  zone  of  the 
sclerotic,  about  8  mm.  in  vertical  and  10  in  lateral  breadth.     At  the  middle 
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711. — Dissection  of  the  orbicularis  palpebrarum. 


of  the  front  of  the  eye  the  dome  of  the  cornea  usually  lies  in  the  plane 
of  the  upper  and  lower  orbital  margins,  which,  therefore,  protect  the  eye ;  but 
external  to  its  middle  line  the  eyeball  usually  projects  beyond  the  sheltering 
bony  ridges. 

The  eyeball  occupies  a  portion  of  the  anterior  half  of  the  orbit,  but  its  axis  is  not 
coincident  with  that  of  the  cavity,  as  it  lies  about  1*5  mm.  nearer  the  outer  and  upper  walls 
at  the  anterior  opening  of  the  cavity. 

Dissection. — Divide  the  skin  close  to  the  palpebral  margin  of  both  lids,  and  from  the 
internal  canthus  to  the  median  line ;  divide  it  also  vertically  in  the  median  line.  Above 
and  below  it  has  already  been  divided.  Reflect  the  flaps  of  skin  from  the  two  lids  outwards. 
It  is  a  matter  of  some  difficulty  to  separate  the  skin  from  the  subjacent  muscle,  and  it 
cannot  be  done  satisfactorily  unless  the  dissection  be  carried  from  within  outwards. 

511.  ORBICULARIS  PALPEBRARUM  (fig.  711).- The  sphincter  muscle  of 
the  eyelids  is  a  thin  flat  layer  of  engirdling  fibres,  which  may  be  artificially 
divided  into  two  series: — (1)  The  outer,  stronger,  ectorbital  fibres  arise  from 
the  internal  angular  process  of  the  frontal  bone  and  from  the  subcutaneous 
tissue  on  the  side  of  the  root  of  the  nose ;  these  fibres  pass  upwards  into  the 
upper  part  of  the  brow,  and  then  outwards  over  the  external  angular  process 
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and  front  part  of  the  temporal  crest ;  there  turning  downwards,  and  finally 
inwards  below  over  the  orbital  edge  of  the  malar  bone.  They  end  by  being 
inserted  into  the  nasal  process  of  the  maxilla. 

Only  a  certain  proportion  of  the  fascicles  can  be  traced  all  round  the  eyelids,  and  hence 
the  periphery  of  the  muscle  is  hard  to  define.  Many  of  the  upper  and  outer  fibres  are  lost 
in  the  fascia  over  the  temporal  ridge.  Others  beginning  in  the  soft  part  of  the  brow-ridge 
are  lost  at  the  edge  of  the  zygomatic  arch,  and  others  are  there  continuous  into  the  zygomatic 
and  somtimes  the  levator  labii  superior  is  muscles.  The  widest  part  of  the  muscle  is  at  its 
outer  part  over  the  malar  bone  and  front  of  the  temporal  fossa,  and  here  its  fibres  are 
attached  so  closely  to  deep  areolar  processes  of  the  dermis  as  to  be  with  difficulty  separable. 

Into  its  outer  border  the  orbital  branch  of  the  temporal  division  of  the 
facial  nerve  (§  456)  is  traceable,  and  the  supraorbital  and  supratrochlear 
nerves  and  vessels  lie  at  first  beneath,  and  then  pierce  through,  the  upper 
portion  of  this  muscle,  into  which  the  frontalis  is  inserted  above  (p.  527). 

(2)  The  palpebral  part  of  the  muscle  arises  chiefly  from  the  upper  surface 
of  the  internal  palpebral  ligament  (tendo  palpebrarum),  a  small  white  cord 
which  appears  to  pass  downwards  and  inwards  from  the  inner  canthus  to  the 
nasal  process  of  the  maxilla.  The  fascicles  of  this  part  of  the  muscle  pass  in 
closed  loops  round  the  rictus  oculi — first  in  the  upper  lid,  then  downwards  past 
the  outer  canthus  into  the  lower  lid,  and  thence  to  the  lower  surface  of  the 
same  tendon.  This  part  is  paler  and  closely  connected  to  the  subjacent  tissue 
in  the  lid,  especially  near  the  free  border  where  its  lowest  fascicles  form  a 
moderately  thick  band  overlying  the  bulbs  of  the  cilia. 

Separate  portions  derived  from  this  muscle  are  specialised  in  different  directions.  A 
thick,  but  only  artificially  separable  deep  part  of  the  orbital  fibres  {corrugator  supercilii) 
from  the  internal  angular  process  is  inserted  into  the  deep  surface  of  the  muscles  and  skin 
of  the  middle  of  the  brow-ridge,  which  it  can  draw  downwards  and  inwards,  so  vertically 
wrinkling  the  forehead  and  producing  a  frown.  This  part  can  act  independently,  and  its 
nerve-twig  is  generally  specialised  (fig.  657,  9). 

A  second  part  derived  from  the  deep  surface  of  the  palpebral  fibres  arises  from  the  lacrymal 
ridge  on  the  lacrymal  bone,  and  passes  beneath  the  tear  ducts  outwards  to  be  inserted  by 
two  slips  into  the  border  of  the  tarsal  edges  of  the  lids  internal  to  the  puncta.  This  slip 
{Horner's  muscle)  or  tensor  taPSi  is  best  exposed  a  little  later  by  cutting  through  the  upper 
and  lower  lids  by  vertical  incisions  at  their  inner  fourth,  and  reflecting  the  inner  portion 
inwards,  cutting  through  the  conjunctiva  external  to  the  plica  semilunaris,  and  so  exposing  the 
outer  and  deeper  surface  of  the  muscle.     This  slip  can  act  as  a  compressor  of  the  lacrymal  sac. 

The  palpebral  fibres  close  the  lids  ;  the  orbital  fibres  draw  the  brow  down,  and 
the  lower  lid  up,  thus  forcibly  closing  and  wrinkling  the  edges  of  the  aperture, 
producing  radial  wrinkles  externally,  which,  when  permanent,  as  in  old  age, 
where  the  skin  has  lost  its  elasticity  and  fulness,  constitute  "  crow's  feet." 

In  dissecting  this  muscle,  not  only  its  own  nerve  and  the  two  before 
described  nerves  of  the  brow  are  to  be  seen,  but  the  temporal  branch  of  the 
temporo-malar  (§  532)  and  the  infraorbital  externally.  Branches  of  the  palpebral, 
lacrymal,  and  angular  arteries  also  ramify  among  the  fibres  of  this  muscle. 

Raising  the  muscle  from  without  inwards,  and  throwing  it  inwards,  a  fine 
fibrous  layer  is  shown  beneath  it  in  each  lid,  the  tarsal  membrane,  attached 
marginally  to  the  edge  of  the  orbit,  where  it  becomes  continuous  with  the 
periosteum  ;  as  it  passes  towards  the  free  edge  of  the  lid  this  lamella  thickens 
suddenly,  and  forms  in  the  tarsal  part  of  the  lid  a  firm  band,  the  tarsal 
body.  The  structure  is  of  the  same  kind  in  the  lower  as  in  the  upper 
lid,  but  weaker.  These  tarsal  bodies  consist  of  condensed  fibrous  tissue,  and 
can  be  made  by  artificial  separation  from  the  tarsal  membrane  to  appear  as 
two  stiff,  arched  plates — one  above,  larger ;  one  below,  narrower — extending 
along  the  edges  of  the  lids.  Internally,  these  are  continuous  into  the  inner 
strengthened  band  of  the  tarsal  membrane,  the  internal  palpebral  ligament; 
externally,  they  are  attached  to  a  much  thicker  and  stronger  outer  band  of 
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similar  nature,  the  external  palpebral  ligament.     The  free  borders  of  the 
tarsal  bodies  are  inseparable  from  the  corium  of  the  lid-margin;  the  attached 
borders  when  cut  from  the  tarsal 
membrane  are  convex. 

Along  the  free  border  of  the  lid  a 
deep  fascicle  of  the  orbicular  muscle 
has  become  displaced  beneath  the  tar- 
sal body,    and   forms  the   SUbtarsal 

muscle. 

Upon  the  deep  surface  of  the  tarsal 
membrane  is  a  stratum   of   unstriped 

muscle,   the    superior    palpebral 

nlUSCle,  whose  fibres  stretch  sagittally 
from  the  surface  of  the  tendon  of  the 
levator  palpebrie  (§  519)  to  the  tarsal 
body. 

By  dividing  the  tarsal  mem- 
brane along  the  supraorbital 
margin,  a  loose  areolar  and  fatty 
layer  is  exposed,  which  easily 
breaks  down,  leaving  an  apparent 
space.  In  this  dissection  the 
strong  ligament  underlying  the 
supraorbital  nerve  and  bridging 
the  notch,  which  is  a  specialised 
band  of  the  tarsal  membrane,  is 
exposed.  This  band  is  occasion- 
ally ossified,  converting  the  bony 
notch  into  a  hole. 

The  tendon  of  insertion  of 
the  levator  palpebral  superioris  is 
here  exposed  as  it  passes  forwards 
into  the  lid  by  removiug  the  over- 
lying fat;  and  by  making  a  sagittal 
vertical  section  of  the  lid,  its 
superficial  tendinous  fibres  can 
be  traced  traversing  the  bundles 
of  the  palpebral  muscle  to  be 
inserted  into  the  skin  of  the  lid 
below  the  orbito- palpebral  fold. 

This  insertion  and  the  deeper  one 
into  the  conjunctiva  will  be  better  seen 
at  a  later  stage. 

In  the  lower  lid  the  layers  are 
comparable  with  those  of  the 
upper,  but  in  place  of  the  expan- 
sion of  the  tendon  of  the  levator 
there  is  a  much  weaker  and  more 
limited  expansion  from  the  sheath 
of  the  inferior  rectus  (§  530). 

512.  GLANDS  OF  EYELID. 

— Two  kinds  of  glands  are  em- 
bedded in  the  free  margin  of  the 


712. — Section  of  the  upper  lid,  x  10 — A,  skin; 
1,  epidermis;  2,  corium;  3  and  B,  subcutaneous 
areolar  tissue  ;  O,  orbicularis  ;  7,  its  upper  fibres  ; 
D,  broad  ligament  of  the  tarsus  ;  E,  museums  pal- 
pebralis ;  F,  insertion  of  levator  palpebral  superi- 
oris ;  G,  conjunctiva ;  J,  inner  limbus  of  lid ;  K, 
outer  limbus  of  lid  ;  4,  pigment  cells  in  corium  ;  5, 
sweat  glands  ;  6,  hair  follicles  ;  8,  palpebral  nerves 
from  supraorbital ;  23,  ditto  from  lacrymal ;  9,  10, 
arteries  and  nerves ;  11,  cilia;  12,  Moll's  glands; 

13,  circular   subtarsal   muscle  (Riolan's  muscle) ; 

14,  Meibomian  gland;  15,  acini;  16,  post  tarsal 
lymphoid  tissue;  17,  transitional  area  of  con- 
junctiva; 18,  19,  tarsal  tissue;  20,  lower  portion 
of  tarsal  body;  21,  conjunctival  epithelium;  22, 
papillary  layer  of  conjunctiva ;  23,  ending  of  a 
nerve;  24,  fat;  25,  attachment  of  levator  palpebra. 


lid:— 

I.  Meibomian  glands,  about  35  in  the  upper  lid,  and  24  of  smaller  size  in 
the  lower.     These  are  long  acinose  glands  arranged  nearly  parallel  to  each 


644  GLANDS    OF    EYELID. 

other.  Each  consists  of  a  vertical  duct,  around  which  are  disposed  many 
rounded  alveoli  in  single  rows.  They  are  sunk  in  the  deep  surface  of  the 
tarsal  body,  the  depth  of  which  regulates  their  extent,  and,  on  account  of  the 
opaque  fatty  matter  within  the  transparent-walled  follicles,  they  can  be  seen 
shining  through  on  the  conjunctival  side.  These  are  united  groups  of  sebaceous 
glands,  specially  modified  to  suit  their  situation  and  secreting  the  smegma 
palpebrale,  which  lubricates  and  defends  the  edge  of  the  lid.  The  ducts  are 
specialised  involutions  of  the  marginal  skin  (comparable  with  the  mammillary 
field  in  the  mammary  gland). 

2.  Moll's  glands  are  the  modified  sweat  glands  of  the  ciliary  edge,  and 
resemble  the  ceruminous  glands  of  the  ear  passage  (§  537).  They  are  arranged 
in  several  rows  opening  close  to  the  marginal  set  oi  hair  follicles  behind  which 
they  lie. 

The  convoluted  gland-pouch  is  surrounded  by  a  spot  of  lax  tissue,  and  when  irritated  by 
blocking  up  of  the  duct,  inflammation  of  one  of  these  follicles  and  the  spot  about  it  constitutes 
stye.  Grandines  and  other  encysted  tumours  more  frequently  arise  in  these  than  in  the 
Meibomian  glands. 

The  fornix  conjunctiva?  superior  owes  its  existence  to  the  attachment  to  the  deep  layer 
of  the  membrane — (1)  of  an  expansion  of  the  levator  palpebrw  superioris ;  (2)  a  similar 
expansion  of  the  superior  rectus  ;  and  (3)  the  attachment  of  the  fibrous  post-ocular  capsule. 

The  palpebral  conjunctiva,  where  it  is  attached  to  the  tarsal  body,  has  a  smooth  limbus ; 
above  which  it  exhibits  a  finely  reticular  surface,  the  netted  ridges  becoming  gradually  more 
obscure  towards  the  fornix.  This  appearance  is  absent  in  the  eyelids  of  the  infant,  but 
begins  to  appear  within  the  first  year.  In  the  deeper  layers  of  the  region  there  is  a  discon- 
tinuous stratum  of  lymphoid  tissue  which  contributes  somewhat  to  the  irregularity  of  the 
surface.  It  is  the  enlargement  of  these  ridges  which  produces  the  roughness  of  "  granular 
lids,"  the  granulations  being  in  some  measure  due  to  the  pathological  definition  of  areas  of 
this  tissue  as  adventitious  lymphoid  follicles.  The  epithelium  for  1  mm.  of  the  surface  from 
the  margin  is  stratified  squamous,  but  it  suddenly  begins  to  thin,  becoming  only  bilaminar 
over  the  attached  part  of  the  tarsal  body,  the  surface  layer  being  one  of  cylinder  cells  upon 
a  layer,  sometimes  double  or  triple,  of  deeper,  flatter  cells.  In  old  people  with  blear  eyes, 
many  of  these  cylinder  cells  have  undergone  the  goblet  transformation. 

The  conjunctival  glands,  other  than  those  along  the  margin,  are  of  three 
sets  : — 

t.  Simple  tubular,  very  sparsely  scattered  in  healthy  lids  in  the  reticular 
or  papillary  area,  but  becoming  apparently  much  more  numerous  in  the  condi- 
tion of  granular  lids. 

2.  AeinO-tubular  glands,  with  one  or  two  alveoli,  opening  into  fine 
ducts.  These  are  very  sparingly  diffused  in  the  palpebral  conjunctiva, 
especially  at  the  inner  third  of  the  upper  lid.  They  are  most  numerous 
in  the  superior  fornix,  where  over  fifty  may  be  counted,  but  sparse  in  the 
lower  lid,  and  rarely  more  than  five  open  into  the  inferior  fornix. 

3.  Acinose  Glands  (lacrimal). — These,  which  are  specialised  and  enlarged 
groups  of  gland  follicles  of  the  last  form,  have  condensed  into  an  elongated 
mass,  occupying  the  lacrymal  fossa  in  the  frontal  bone  at  the  upper  and  outer 
part  of  the  orbit,  and  may  be  exposed  by  dividing  the  tarsal  membrane  at  the 
outer  half  of  the  supraorbital  edge  and  cutting  away  a  small  portion  of  the  over- 
hanging bone  with  the  chisel  and  bone  forceps.  It  consists  of  a  cluster  of 
aquiparous  glands,  some  of  which  overlie  the  expansion  of  the  levator  palpebral 
tendon,  and  have  become  condensed  into  a  bean-like  solid  mass,  g'landula 
lacrymalis  Superior  (fig.  713,  K),  while  others  are  loosely  aggregated  below 
this  expansion,  forming  the  g'landula  lacrymalis  inferior.  The  superior 
gland  extends  outwards  as  far  as  the  orbital  margin  and  is  obliquely  placed,  is 
about  14  mm.  long,  20  broad,  3  thick,  weighs  -8  of  a  gramme,  and  has  a  volume 
of  about  o-66  cm.  It  extends  backwards  for  about  A  the  depth  of  the  orbit,  and 
is  limited  in  its  outward  extent  by  the  external  palpebral  ligament,  internally 
by  the  edge  of  the  superior  rectus.     It  is  encapsulated  only  by  the  surrounding 
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connective  tissue,  a  process  of  which  (the  ligamentum  suspensorium)  ties 
it  to  the  outer  and  anterior  margin  of  the  orbital  edge.  It  receives  at  its 
hinder  boi'der  the  lacrymal  nerve  (§518)  and  the  lacrymal  arteries  from  the 
middle  meningeal  and  ophthalmic. 

The  inferior  gland  lobules  are  loosely  aggregated  over  the  outer  third  of  the 
fornix  superior,  extending  to  the  external  canthus. 

Two  or  (usually)  three  ducts  drain  the  tears  from  the  superior  gland,  open- 
ing between  the  lobes  of  the  lower  gland,  two  passing  into  the  fornix  superior 
5  mm.  from  the  tarsal  edge.  One  duct  larger  than  the  others  passes  outwards 
to  open  close  to  the  edge  of  the  external  canthus.  The  smaller  ducts  of  the 
inferior  gland  lobules  are  more  numerous,  generally  seven  or  eight,  and  open  on 
the  irregular  lacrymal  area  externally. 


Fig.  713. — The  lacrymal  apparatus — A,  eyeball ;  B,  inner  sixth  of  upper  lid,  the  rest  having 
been  removed  ;  C,  inner  sixth  of  lower  lid ;  D,  inferior  rectus ;  E,  external  rectus ;  F,  superior 
rectus  ;  G,  tendon  of  superior  oblique ;  H,  supraorbital  nerve  ;  I,  orbital  surface  ;  K,  lacry- 
mal gland  ;  L,  tendo  oculi  ;  M,  caruncula  lacrymalis  ;  N,  ampulla  of  canaliculus  superior  ; 
0,  punctum  inferior  ;  P,  lacrymal  sac ;  Q,  opening  into  inferior  meatus  ;  R,  middle 
turbinal  bone  ;  S,  inferior  turbinal. 

*  The  lacrymal  gland  in  structure  closely  resembles  a  salivary  gland,  especially  the  parotid, 
but  the  duct  epithelium  is  not  rodded  like  that  of  a  salivary  gland,  and  the  basement  layer 
is  thinner,  not  basket-like. 

Degenerated  acinose  gland  follicles  exist  in  the  lacrymal  caruncle,  representing  the  gland 
of  Harder,  which  usually  co-exists  with  a  third  eyelid. 

The  vessels  and  nerves  of  the  lid  will  be  better  seen  at  a  later  stage. 

513.  THE  PUNCTA  LACRYMALIA  (%  713)  are  minute,  transversely  oval 
apertures  placed  on  the  hinder  surfaces  of  the  summits  of  the  two  papilla?  lacry- 
males  on  the  lids,  about  0-5  mm.  from  the  innermost  Meibomian  gland ;  each 
punctum  opens  into  a  canaliculus  which  passes  first  vertically,  then  suddenly 
turns  inwards,  and  the  two  unite  internal  to  the  caruncula  to  form  usually  a 
very  short  tube  or  small  sac,  the  vestibulum,  which  opens  internally  into  the 
lacrymal  sac,  of  which,  indeed,  it  is  only  a  lateral  pouch. 
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The  superior  punctum  is  0-22  mm.,  the  inferior  0*25  in  diameter;  the  lower 
papilla  is  shorter,  thicker,  and  farther  out  than  the  upper.  The  mouth  of  each 
canaliculus  narrows  into  a  very  constricted  area,  the  angustia,  of  0*08  mm. 
lumen,  beyond  which  it  dilates  into  an  ampulla  which  continues  to  the  sharp 
angle  at  which  the  canaliculus  bends  inwards. 

The  canaliculi  separately  pierce  the  internal  part  of  the  tarsal  membrane 
where  this  is  attached  to  the  periosteum,  above  and  below  that  strengthened 
band  of  the  membrane  which  forms  the  tendo  oculi.  Each  canaliculus  is  lined 
by  a  stratified  squamous  epithelium  on  a  basement  layer,  and  has  on  its  wall 
a  layer  of  striped  muscle  derived  from  the  tensor  tarsi,  whose  fibres  are  some- 
what spirally  wound  around  the  wall  of  the  tube. 

This  muscle  is  bilaminar,  its  anterior  lamella  arising  from  the  crista 
lacrymalis  posterior,  and  passing  forwards  is  inserted  into  the  hinder  lamella 
of  the  tendo  palpebrarum  internus  over  the  lacrymal  sac  and  into  the  canali- 
culus of  the  lower  lid;  the  posterior  layer  is  inserted  chiefly  into  the  superior 
canaliculus  and  into  the  tarsal  body  at  its  inner  end  in  both  lids;  occasionally 
there  are  pseudo-valvular  folds  of  the  mucous  membrane  annularly  disposed  in 
the  vertical,  or  spirally  in  the  horizontal  limb  of  the  canaliculus. 

A  slip  of  the  palpebral  portion  of  the  orbicularis  in  front  is  sometimes 
artificially  separated  as  the  lacrymalis  anterior  (fig.  711). 

The  lacrymal  sac  occupies  the  fossa  lacrymalis  in  the  orbit  beneath  the 
splitting  of  periosteum,  which,  dividing  along  the  crista  lacrymalis  posterior, 
sends  one  layer  inwards  along  the  bone  to  floor  the  fossa  and  another  outwards 
which  forms  the  internal  palpebral  ligament. 

This  sac  is  blunt  and  blind  above,  receives  the  mouth  of  the  vestibulum 
externally,  which  is  sometimes  guarded  by  an  imperfect  valvular  fold,  the  valve 
of  Rosenmuller,  and  below  discharges  itself  into  the  nasal  duct,  its  downward 
continuation.  It  has  over  it  not  only  the  periosteal  tarsal  layer,  but  also  the 
inner  part  of  the  orbicularis  palpebrarum.  The  sharp,  strong  band  of  the 
tendo  palpebrarum  constricts  it,  and  the  fundus  rises  above  it  for  about  2  mm. 

The  cavity  is  often  irregular,  and  its  mucosa  presents  several  fairly  constant 
folds  ;  one  of  these  forms  an  imperfect  lip,  which  separates  the  vestibulum  from 
the  lacrymal  sac,  and  this  may  project  below  with  its  free  border  upwards,  or 
above  with  its  edge  downwards. 

Where  the  lacrymal  sac  narrows  to  become  the  nasal  duct  there  is  an 
annular  fold  usually  based  on  a  firm  ring  of  thickened  periosteum.  When  this 
is  large  enough  to  appear  as  a  valve  it  is  called  Krause's  or  Beraud's  valve. 
The  sac  is  lined  with  ciliated  columnar  epithelium  which  begins  in  the  vestibule. 
The  submucosa  is  loosely  tied  to  the  periosteum  by  lax  and  vascular  connective 
tissue,  wherein  there  is  often  a  cavernous  arrangement  of  blood-vessels, 
especially  of  veins,  continuous  with  the  vessels  of  the  superior  nasal  meatus. 

Nasal  duct. — From  the  lower  end  of  the  lacrymal  sac  the  nasal  duct 
descends,  grooving  the  maxilla  to  open  into  the  highest  point  of  the  inferior 
meatus  beneath  and  external  to  the  inferior  turbinated  bone  ;  it  is  generally  16 
mm.  long  and  4  in  diameter,  and  passes  downwards  and  backwards,  its  axis 
forming  an  angle  of  700  with  the  horizon  ;  its  lower  opening  is  usually  prolonged 
into  a  gutter-shaped  groove,  with  a  crescentic  mucous  fold  (the  valve  of  Hasner) 
external  to  it,  but  may  be  round  or  oval. 

The  nasal  duct  system  arises  by  the  secondary  canalising  of  a  solid  epithelial  cord  which 
persists  in  the  interval  between  the  maxillary  lobe  and  the  lateral  nasal  process. 

Several  anatomical  arrangements  produce  the  flow  of  the  tears  into  the  nasal  duct.  Capil- 
larity, aided  by  the  inward  motion  of  the  lids  when  closed,  forcibly  causes  the  tears  to  pass 
to  the  lacus  lacrymalis.  Horner's  muscle,  when  the  lids  are  closed,  draws  the  puncta  inwards 
and  backwards,  and  may  retract  the  hinder  wall  of  the  sac,  expanding  it.  The  orbicularis 
presses  the  tears  downwards,  and  their  return  is  prevented  (1)  by  a  feebly  developed  circular 
or  spiral  musculature,  better  developed  on  the  lower  than  on  the  upper  canaliculus,  (2)  by 
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the  imperfect  valvular  apparatus,  (3)  by  the  pressure  of  a  minute  venous  plexus  in  the  deep 
layer  of  the  wall  of  the  duct. 

514.  DISSECTION  OF  ORBITAL  NERVES  IN  THE  CAVERNOUS  SINUS.— Before 

proceeding  to  the  dissection  of  the  orbit,  it  is  desirable  to  re-examine  the  dura  mater  which 
bounds  the  cavernous  sinus,  so  as  to  trace  the  orbital  nerves  through  it  into  the  orbital 
cavity. 

The  apertures  of  four  canals  appear  on  the  surface  of  the  dura  mater  around  the  site  of 
this  sinus.  The  third  nerve  enters  a  canal  in  the  dura  mater  above  the  fascicle  of  the  convex 
border  of  the  tentorium  which  is  attached  to  the  posterior  clinoid  process.  The  fourth 
pierces  below  the  concave  edge  of  the  tentorium  a  little  external  to  this  process,  and  the 
fifth  enters  into  the  cavum  Meckelii  (§  401)  below  the  attached  edge  of  the  tentorium  and 
above  the  angle  of  the  petrous  bone.  By  carefully  cutting  through  and  removing  the  surface 
of  the  dura  mater,  the  courses  of  these  nerves  can  be  traced  from  this  point  until  they  enter 
the  orbit  through  the  sphenoidal  fissure. 

The  THIRD  NERVE  enters  the  canal  in  the  outer  wall  of  the  cavernous  sinus 
close  to  the  posterior  clinoid  process,  above  the  slip  of  the  tentorium  which 
passes  to  that  process,  and  internal  to  the  band  of  the  concave  border  which 
seeks  the  anterior  clinoid  process.  It  lies  above  and  internal  to  the  fourth,  but 
as  it  l-ises  to  the  sphenoidal  fissure,  that  nerve  ascends  above  it,  as  also  does  the 
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Fig.  714. — Dissection  of  the  nerves  of  the  orbit  as  they  enter  the  cavernous  sinus. 

frontal  branch  of  the  fifth,  both  of  which  cross  above  it  as  it  is  in  the  act  of 
entering  the  orbit.  In  this  part  of  its  course  it  receives  (1)  fine  filaments  of 
the  sympathetic  from  the  carotid  plexus,  and  (2)  a  branch  from  the  ophthalmic 
of  the  fifth.  The  third  divides  into  an  upper  and  a  lower  branch  as  it  enters 
the  orbit,  the  upper  entering  between  the  frontal  and  nasal  nerves,  the  lower 
between  the  latter  and  the  sixth. 

515.  THE  FOURTH  NERVE  pierces  the  dura  mater  immediately  below 
the  free  edge  of  the  inner  border  of  the  tentorium,  separated  from  the  third 
by  the  tentorial  attachment  to  the  posterior  clinoid  process ;  it  ascends  in  its 
canal  outside  the  third  nerve,  above  which  it  rises  as  it  enters  the  orbit  close 
to,  and  ultimately  above,  the  frontal  nerve.  It  receives  in  this  course  one  fine 
sympathetic  filament  from  the  carotid  plexus,  and  a  fine  branch  from  the 
ophthalmic  nerve. 

516.  THE  FIFTH  NERVE  passes  beneath  the  fibrous  archway  formed  by 
the  attached  convex  edge  of  the  tentorium  as  it  passes  over  the  angle  of  the 
petrous  bone.  Within  this  arch  is  the  cavity  of  Meckel  into  which  the  nerve 
enters,  and  enlarges  into  a  triangular  plexus  in  whose  meshes  are  many  nerve 
cells.  This  ends  anteriorly  in  a  curved  lamina  of  ganglionic  matter,  the 
Gasserian  ganglion,  which   in   outline  appears    crescentic  with    its    concavity 
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backwards  (tig.  715,  1),  into  which,  however,  only  the  sensory  filaments  of  the 
nerve  enter,  the  motor  part  lying  below  it  unmodified.  The  triangular  plexus 
is,  for  the  most  part,  covered  with  an  endothelial  layer,  and  is,  therefore, 
easily  isolated ;  the  ganglion  is  connected  by  areolar  tissue  to  the  surrounding 
membranes,  especially  above,  and  requires  more  care  to  isolate. 

Three  nerves  start  from  the  anterior  or  convex  side  of  the  ganglion,  the 
ophthalmic  branch  above  and  internally,  the  maxillary  (superior  maxillary)  in 

the  middle,  and  the  inferior  maxil- 
lary below.  The  first  and  third 
divei-ge  from  each  other  at  a  right 
angle,  the  second  and  third  at  an 
angle  of  6o°.  The  motor  part  of  the 
nerve  adheres  to  the  lower  surface 
of  the  third  branch  and  passes  out 
with  it. 

The  ophthalmic  division  is  the 
smallest  and  is  sensory;  it  appears 
as  a  laterally  flattened  cord,  closely 
adherent  to  the  wall  of  its  canal  in 
the  dura  mater,  and  requiring  care 
to  follow.  After  a  course  of  1  cm.,  it 
divides  into  three  branches,  which 
severally  enter  the  sphenoidal 
fissure ;  of  these  the  frontal  is  the 
highest  and  largest,  and  rises  above 
Ski  the  third  nerve  but  below  the 
fourth.  The  nasal  is  the  lowest  and 
most  internal,  and  enters  the  fissure 
between  the  two  divisions  of  the 
third  nerve.  The  lacrymal,  the 
most  external  and  smallest,  rises 
above  the  nasal  and  enters  the 
outmost  part  of  the  sphenoidal  fis- 
sure, piercing  the  firm  fibrous  tissue, 
which  blocks  up  this  part  of  the 
space. 

Before  its  division,  the  ophthal- 
mic receives  some  branches  from 
the  carotid  plexus.  It  gives  off  (1) 
a  communicating  branch  to  the 
third ;  (2)  occasionally  one  to  the 
sixth;  and  (3)  a  fine  thread  to  the 
fourth.  It  gives  off  also  a  fine  pair 
of  recurrent  branches  to  the  edge  of 
tentorium.  These  cross  and  lie  in 
the  sheath  with  the  fourth  nerve, 
and  have  been  mistaken  for  branches 
of  it.  The  knob  of  the  Gassei'ian 
ganglion,  from  which  the  ophthalmic  nerve  arises,  is  possibly  the  remains 
of  a  separately  arising  ganglion,  the  ganglion  meso-cephalicum  of  Beard. 

517.  DISSECTION  OF  THE  ORBIT.— Divide  the  frontal  bone  by  two  sections  with 
the  saw ;  one  vertical  from  above  the  inner  angular  process  to  the  border  of  the  orbit  and 
carried  back  to  the  optic  foramen ;  a  second  oblique  dividing  the  bone  from  without  inwards 
from  the  external  angular  process  to  the  optic  foramen.  Remove  with  the  bone  forceps  the 
thin  orbital  roof  ;  strike  forward  the  front  portion  of  the  frontal  bone,  but  do  not  remove  it. 


Fig.  715. — Nerves  of  the  orbit,  seen  from  above — 
I,  Gasserian  ganglion ;  2,  third  nerve ;  3,  fourth 
nerve ;  4,  optic  nerve ;  5,  frontal  branch  of 
fifth ;  6,  lacrymal ;  7,  nasal ;  8,  proper  nasal ; 
9,  infratrochlear ;  10,  supratrochlear;  11, 
supraorbital ;  12,  palpebral  branches  of  lacry- 
mal;  13,  glandular  branches  of  lacrymal;  14, 
communicating  branches  of  lacrymal. 
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The  periosteum  of  the  roof  of  the  orbit  is  now  exposed.  This  membrane  is  in  general  loosely- 
attached  ;  behind  it  is  continuous  with  the  dura  mater,  which  at  the  optic  foramen  enters 
the  orbit  as  a  sheath  round  the  optic  nerve ;  here  it  divides  into  two  layers,  one  of  which  is 
continuous  with  the  periosteum,  the  other  is  thecal,  and  is  continued  along  the  optic  nerve  to 
the  eye.  The  periosteum  entering  the  sphenoidal  fissure  becomes  continuous  with  the  first- 
named  periosteal  layer. 

By  dividing  the  periosteum  longitudinally  the  subperiosteal  layer  of  fat  is  exhibited,  and 
at  the  anterior  orbital  margin  the  attachment  of  the  tarsal  membrane  to  it  is  shown.  It  can 
now  be  seen  that  the  periosteum  becomes  very  strong  and  thick  over  the  frontal  process  of 
the  jugal  bone,  where  it  is  joined  to  the  external  palpebral  ligament.  If  the  temporal  fossa 
has  been  fully  dissected  it  is  of  advantage  to  remove  the  outer  wall  of  the  orbit  as  well,  as  far 
down  as  the  level  of  the  upper  edge  of  the  z3rgoma. 

Within  the  orbit  are  to  be  found  (A)  seven  voluntary  muscles  and  several  sets  of  unstriped 
fibres;  (B)  the  distribution  of  the  second,  third,  fourth,  ophthalmic  branch  of  the  fifth,  and 
sixth  nerves ;  (C)  the  ophthalmic  vessels ;  and  (D)  the  lacrymal  gland.  These  are  appendages 
of  the  great  central  organ  of  the  cavity,  (E)  the  eyeball. 

The  order  of  the  nerves  entering  the  orbit  has  been  already  seen  in  dissect- 
ing the  dura  mater,  and  the  frontal  branch  of  the  fifth  (fig.  715,  5)  is  conspic- 
uous below  the  periosteum,  together  with  the  supraorbital  artery  and  vein 
(figs.  722,  723).  In  the  sphenoidal  fissure  the  fourth  nerve  is  the  highest,  then 
the  frontal  branch  of  the  fifth,  followed  by  the  superior  division  of  the  third  nerve, 
the  lacrymal  (externally),  and  the  nasal  (internally),  the  inferior  division  of 
the  third,  the  sixth  nerve,  and  the  ophthalmic  vein  is  the  lowest  of  all. 

518.  THE  FRONTAL  BRANCH  OF  THE  OPHTHALMIC  NERVE  lies 
in  the  orbit  beneath  the  periosteum,  and  is  crossed  by  the  fourth  (fig.  715,  3) 
as  it  is  rising  above  the  origin  of  the  levator  palpebrce  muscle.  It  passes  forwards 
on  this  muscle,  and  at  the  hinder  third  of  the  orbit  divides  into  two  branches, 
Supraorbital  and  supratrochlear.  The  supraorbital  or  continued  trunk 
passes  straight  to  the  supraorbital  notch,  having  its  companion  blood-vessels  to 
its  outer  side.  Before  it  escapes  from  the  orbit  it  divides  into  a  thick  outer  and 
a  weaker  inner  branch.  The  former  (ib.,  n)  traverses  the  notch  and,  as  it  does 
so,  sends  into  the  bone  a  branch  to  the  diploe,  and  one  to  the  frontal  sinus ;  it 
then  ascends  on  the  forehead,  at  first  beneath,  then  piercing  the  ectorbital 
orbicularis  and  the  frontalis  muscles.  It  here  divides  into  four  sets  of  branches 
— (1)  middle  superior  palpebral,  distributed  to  the  upper  eyelid;  (2)  periosteal 
to  the  forehead ;  (3)  superficial  frontal  to  the  skin  of  the  bare  forehead ;  and 
(4)  deep  frontal  to  the  skin  of  the  hairy  scalp,  easily  traceable  as  far  back  as  the 
coronal  suture. 

The  inner  supraorbital  branch  (ib.,  10)  escapes  internal  to  the  last,  and  along 
with  the  frontal  branch  of  the  ophthalmic  artery,  and  supplies  the  skin  over  the 
glabella  and  the  median  region  of  the  brow  above  it,  but  not  running  above  the 
border  of  the  hair.  It  is  not  strained  so  close  to  the  bone  by  the  tension  of 
ascending  fibres,  and  therefore  seldom  notches  the  orbital  edge. 

The  supratrochlear  nerve  (ib.,  9)  passes  forwards  and  a  little  inwards  close  to 
the  periosteum,  and  escapes  internal  to  the  trochlea.  Here  it  divides  into  two,  a 
descending  branch  forming  a  loop  with  the  infratrochlear  branch  of  the  nasal, 
and  an  ascending,  which  supplies  branches  to  (1)  the  periosteum,  and  (2)  the 
skin  of  the  lower  part  of  the  glabella,  (3)  the  root  of  the  nose  below  it,  and  (4)  the 
inner  part  of  the  upper  eyelid  (internal  palpebral).  The  trochlear  loop  from  its 
convexity  gives  branches  to  the  inner  canthus  and  the  shores  of  the  lacrymal 
lake. 

519.  THE  LACRYMAL  NERVE  (ib.,  6)  passes  close  to  the  periosteum  along 
the  upper  and  outer  edge  of  the  external  rectus  muscle  to  the  hinder  border  of  the 
lacrymal  gland,  which  it  traverses,  sending  branches — (A)  to  the  gland  (ib.,  13); 
(B)  to  the  conjunctiva  of  the  external  canthus;  (0)  to  the  upper  eyelid  (external 
superior  palpebral — ib.,  12).     Before  reaching  the  gland  it  gives  off  an  inferior 
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branch  which  descends  on  the  lateral  wall  of  the  orbit,  and  enters  a  canal  in  the 
periosteum  over  the  malar  bone,  wherein  it  forms  a  loop  with  the  subcutaneous 
malar  nerve.  Branches  from  this  loop  pass  to  both  parts  of  the  lacrymal  gland 
(ib.,  14).  Stimulation  of  either  stem  of  this  loop  causes  lacrymation,  division 
causes  the  pouring  forth  of  a  paralytic  secretion.  The  lacrymal  represents 
the  visceral  nerve  of  the  premandibular  segment. 

520.  ORBITAL  MUSCLES. — The  muscles  within  the  orbit  are  in  three 
sets.  (I.)  There  are  four  recti  arranged  around  the  optic  nerve,  and  called 
from  their  positions  superior,  inferior,  external,  and  internal,  these  recti  arise 
around  the  optic  nerve  and  they  are  inserted  into  the  sclerotic  coat  of  the  eye- 
ball in  front  of  the  equator  of  the  eyeball.  (II.)  The  oblique  muscles  are  two, 
superior  and  inferior  ;  (III.)  the  last  muscle  is  the  elevator  of  the  upper  lid.  Of 
these  muscles  the  superior  oblique  is  supplied  by  the  fourth  nerve,  the  external 
rectus  by  the  sixth,  and  the  others  by  the  third. 

The  origins  of  the  recti  spring  from  an  elliptic  fibrous  ring  of  thickened 
periosteum,   which  surrounds  the   optic  nerve.      This  is  prolonged  below  as 

a  tendinous  bridge  over  the  lower  and 
inner  part  of  the  sphenoidal  fissure  to  a 
little  spur  on  the  great  wing  of  the 
sphenoid,  the  spina  recti  externi;  from  this 
a  second  bridge  spans  the  upper  part  of 
the  fissure  to  the  thin  edge  of  bone 
between  the  optic  foramen  and  the  sphe- 
noidal fissure.  The  lower  margin  of  this 
ring  is  elongated  forwards  into  a  flattish 
expansion;  this  appears  when  viewed 
on  its  upper  side,  which  is  turned  towards 
the  optic  nerve,  to  divide  into  three  slips. 
The  expansion  is  called  the  tend.0  OF- 
bitalis  inferior  of  Zinn.  Above,  there 
is  an  indistinct  elongation  of  the  same 
kind  also  appearing  on  its  neural  side  as 
tripartite,  this  is  the  tendo  orbitalis 
superior  of  Lockwood.  Both  are  but 
specialised  parts  of  the  elliptic  ring,  and 
the  upper  is  the  more  indistinct :  the 
lower  is  well-marked,  on  account  of  its 
relation  to  the  fissure.  To  the  three 
slips  of  the  superior  tendon,  the  superior 
inner  and  outer  recti  are  attached.     From 


inferior  orbital  tendon. 
Fig.  716. — Scheme  of  relations  of  the  ori- 
gins of  the  recti  muscles  to  the  orbital 
vessels  and  nerves — A,  lacrymal  branch 
of  middle  meningeal  artery  ;  L,  lacry- 
mal nerve  ;  F,  frontal ;  n,  nasal ;  V,  V , 
ophthalmic  veins ;  a,  ophthalmic  ar- 
tery ;  4,  fourth  nerve ;  £3,  inferior 
division  of  the  third  ;  6,  sixth  nerve. 
The  loug  root  of  the  ciliary  ganglion  is 
represented  as  a  dot  external  to  the  nasal 
nerve,  and  the  superior  division  of  the 
third  is  directly  above  this.  The  line 
from  6  crosses  the  origin  of  the  external 
rectus  from  the  alisphenoid. 


rectus  and  the  upper  parts  of  the 
the  three  slips  of  the  inferior  tendon  the  inferior  rectus  and  the  lower  parts 
of  the  inner  and  outer  recti  arise.  The  tripartition  of  the  slips  is  really  due 
to  the  projection  of  ridges  of  tendon  into  the  muscular  origins,  which  are 
clothed  by  fleshy  fibres  on  both  sides. 

Levator  palpebra3  SUperioris  (fig.  723,  2)  arises  by  a  slender  tendon, 
above  the  rectus  superior,  from  the  periosteum  of  the  orbito-sphenoid,  above  and 
in  contact  with  the  superior  palpebral  tendon.  It  passes  forwards,  becoming 
fleshy  and  widening,  to  form  an  elongated  triangle  lying  beneath  the  orbital  roof 
and  the  frontal  nerve  and  artery  and  lying  upon  the  superior  rectus  (fig.  715).  It 
becomes  tendinous  as  it  reaches  the  anterior  orbital  opening  and  enters  the  sub- 
stance of  the  upper  lid;  here  its  aponeurotic  tendon  sends  off  an  anterior  layer  of 
fibres ;  these  pierce  the  fibres  of  the  tarsal  membrane  and  are  inserted  into  the 
hinder  margin  of  the  superior  tarsal  body  and  by  scattered  fibres  into  the  sheath 
of  the  palpebral  muscle  and  skin  of  the  eyelids;  a  deeper  plane  of  fibres  sinks  to 
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be  inserted  into  the  conjunctival  side  of  the  tarsal  body  and  the  fornix  superior, 
between  these  layers  is  the  palpebral  layer  of  smooth  muscle  attached  to  the 
tarsal  body  from  the  levator  tendon  (fig.  713).  At  each  angle  of  the  lid  the  fibres 
become  indistinct,  but  are  continued  forwards  into  the  inner  and  outer  palpebral 
tendons,  and  by  part  of  the  inner  angular  prolongation  it  is  attached  to  the 
lower  and  hinder  edge  of  the  trochlea  of  the  superior  oblique  muscle  which  it 
thus  serves  to  make  tense. 

This  muscle  is  supplied  by  the  superior  division  of  the  third  nerve  and  the  superior 
muscular  artery;  it  has  arisen  as  a  differentiation  of  the  upper  peripheral  part  of  the 
superior  rectus.     Traces  of  the  original  connection  sometimes  survive. 

Divide  this  muscle  at  its  origin  and  throw  it  forwards,  exposing  under  it 

Rectus  SUperiOP  (fig.  717,  8),  the  longest  but  weakest  of  the  quartet,  which 
arises  from  the  superior  orbital  tendon  closely  connected  with  the  internal  and 
upper  part  of  the  external  rectus  and  with  the  last;  it  passes  forwards  beneath  the 
levator  palpebrce  superioris,  on  the  outer  side  of  which,  however,  more  than  half 
of  its  surface  is  uncovered.  It  lies  on  the  orbital  fat  which  covers  the  optic  and 
the  nasal  nerves,  the  ophthalmic  artery  and  vein,  the  capsule  of  Tenon,  and  the 
eyeball.  Its  insertion  is — (1)  by  a  tendon  5  mm.  long  into  the  sclerotic  7-5  mm. 
from  the  corneal  border,  the  line  of  insertion  being  7  mm.  broad  and  convex 


Fig.    717. 

forwards.  (2)  By  an  expansion  from  its  sheath  into  the  subconjunctival  tissue 
close  to  the  fornix  and  into  the  tarsal  body  along  with  the  deep  fibres  of  the 
levator.  It  raises  the  eye  and,  by  virtue  of  the  palpebral  attachment  of  its 
sheath,  it  lifts  the  lid  in  sympathy  with  the  uptilting  of  the  eyeball.  The 
superior  recti  of  the  two  sides  always  act  together. 

Divide  the  superior  rectus  where  it  is  becoming  tendinous  as  it  lies  on  the  eyeball,  and 
reflect  it  backwards.  The  superior  branch  of  the  third  nerve  can  be  seen  entering  it  and 
the  foregoing  muscle  on  their  ocular  surfaces,  the  branch  to  the  latter  passes  on  the  outer 
side  of  the  superior  rectus.  Beneath  the  tendon  of  this  muscle  the  following  parts  are 
shown : — 

I.  The  Intermuscular  Cone  of  Fat  (fig.  718).— This  is  a  more  or  less 

compact  and  definitely  organised  cone  of  large  soft-grained  fatty  tissue,  which 
forms  a  continuous  mass  beneath  the  muscles,  and  which  is  traversed  by  some 
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of  the  vessels  and  nerves.  Its  anterior  surface  is  smoothly  concave  to  fit  the 
eyeball,  and  is  clothed  with  the  following  membrane  : — 

II.  The  Capsule  Of  Tenon. — This  is  a  strong,  smooth  areolar  tissue, 
whose  aspect  has  been  aptly  compared  to  the  tunica  vaginalis,  and  which  lies 
behind  the  eyeball.  It  may  be  regarded  as  composed  of  two  layers,  a  posterior 
clothing  the  front  of  the  fatty  cone,  and  an  anterior  clothing  the  hinder  surface 
of  the  eyeball,  and  separated  from  the  former  by  a  potential  space  (the  space  of 
Tenon),  the  walls  of  which  are  in  contact  during  life.  The  posterior  surface  of 
Tenon's  capsule  is  attached  by  numerous  areolar  processes  to  the  interstitial 
tissue  of  the  fatty  cone,  so  as  to  be  closely  tied  thereto.  Around  the  optic 
nerve  the  fascia  is  strengthened  into  a  fibrous  ring,  from  which  a  very  delicate 
areolar  layer  is  continued  backwards  as  a  sheath  around  the  nerve,  bounding 
around  it  a  perineural  space,  wherein  the  ciliai-y  nerves  and  vessels  make 
their  way  forwards.  Peripherally,  the  ocular  layer  of  the  capsule  of  Tenon  is 
traceable  forwards  over  the  back  and  sides  of  the  eyeball,  and  becomes  lost 
above  and  below  by  uniting  inseparably  with  the  subconjunctival  areolar 
tissue  at  the  fornix  superior  and  inferior ;  laterally,  it  extends  around  the 
sclerotic  as  far  as  the  external  and  internal  palpebral  ligaments,  with  which 
it  also  becomes  blended. 

As  the  recti  tendons  pass  forwards  to  their  insertions,  they  project  into 
Tenon's  space,  and  carry  with  them  sheaths  of  the  posterior  layer  of  this 
fascia  forwards.  The  sheath  becomes  inseparable  from  the  tendon  on  the 
ocular  surface  or  side  of  pressure,  but  on  the  orbital  it  is  usually  separable. 
The  margins  of  the  tendons  and  the  edges  of  their  sheaths  are  always  closely 
united.  From  these  margins,  the  fascial  fibres  which  pass  forwards  to  the 
anterior  attachments  of  the  capsule  are  particularly  strong,  so  that  these 
become  functional  insertions  of  the  muscles. 

It  is  by  such  an  insertion  that  the  superior  rectus  has  obtained  an  attachment  to  the 
upper  lid,  and  it  is  the  sundering  of  a  slip  of  that  muscle  with  this  lateral  connection 
hypertrophied,  which  has  given  rise  to  the  levator  palpebrce.  superioris. 

It  must  be  borne  in  mind  that,  with  one  exception,  these  fascial  arrangements  are  the 
creations  of  the  muscular  action,  and  that  the  capsule  of  Tenon  and  its  processes  were 
originally  the  continuous  areolar  atmosphere  wherein  the  muscles  moved,  but  that  their 
actions  have  specialised  the  various  slips  whereby  the  action  of  the  muscles  is  aided  or 
corrected,  and  that  consequently  these  various  fibrous  arrangements  have  no  morphological 
existence  as  separate  units  independent  of  their  producing  causes.  This  is  specially  to  be 
noted  in  connection  with  the  two  palpebral  ligaments  already  described  on  their  facial 
aspect ;  these  should  now  be  re-examined. 

The  external  palpebral  tendon  is  very  strong,  but  until  artificially 
dissected,  very  indefinitely  bordered.  It  is  formed  by  the  attachment  to  the 
periosteum,  clothing  the  frontal  process  of  the  malar  bone,  of  the  external  ends 
of  the  tarsal  membranes,  here  thickened  so  as  to  form  the  outer  fixed  point 
of  the  tarsal  bodies.  To  the  front  of  this  the  palpebral  muscle  and  skin  is 
attached,  to  the  lateral  margin  the  tarsal  membranes,  to  the  deep  surface  the 
outermost  fibres  of  insertion  of  the  levator  palpebrce  superioris,  a  strong  outer 
portion  of  the  capsule  of  Tenon,  and  the  sheath  of  the  tendon  of  the  external 
rectus.  It  serves  to  fix  the  external  canthus,  and  by  its  attachment  to 
Tenon's  capsule  it  acts  as  a  strong  ligament  to  keep  the  eyeball  from  being 
retracted  by  the  recti. 

The  inner  palpebral  tendon  is  more  completely  specialised  on  account 
of  its  relation  to  the  derivative  lacrymal  apparatus.  The  orbital  periosteum 
at  the  crista  lacrymalis  splits  into  two  layers,  one  keeps  close  to  the  bone 
while  the  other  passes  over  the  lacrymal  sac,  and  is  pierced  by  the  canaliculi. 
As  this  layer  passes  forwards  it  becomes  attached  to  the  tarsal  membranes, 
and  medially,  is  strengthened  by  having  the  inner  ends  of  the  tarsal  bodies 
attached  thereto.     This  causes   the  middle   portion  of  this  layer  to   project 
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forwards  as  an  oblique  ridge,  above  and  below  which  the  fibres  of  the 
orbicularis  are  attached,  so  the  intermediate  ridge  which  conies  to  the  surface 
appears  as  a  cord  and  is  called  the  internal  tendo  palpebrarum,  appearing, 
but  not  really  being,  more  distinct  than  the  much  stronger  outer  tendon. 
To  this  also  the  inner  angle  of  the  fibres  of  the  levator  palpebral  and  the 
sheath  of  the  internal  rectus  muscle  are  attached. 

The  superior  Oblique  muscle  (fig.  717,  12),  which  can  now  be  traced, 
is  remarkable  as  being  the  remains  of  a  cephalic  muscle-plate  otherwise  un- 
represented. It  arises  from  the  orbito-sphenoid  2  mm.  above  and  internal  to 
the  superior  rectus,  and  passes  forwards  beneath  the  inner  part  of  the  orbital 
roof  towards  the  internal  angular  process ;  here  it  becomes  tendinous,  and  the 
tendon  passes  through  a  small  curved  tubular  pulley  and  bends  suddenly 
backwards,  outwards,  and    downwards   at   an   angle   of  300.     The   tendon   is 


supraorbital  nerve. 

ophthalmic  vein, 
superior  oblique, 
maxillo-eihmoidal  cell, 
internal  rectus, 
ophthalmic  vein, 
superior  meatus. 


middle  spongy  bone. 

antrum, 
superior  spongy  bone. 

first  permanent  molar,  not 
yet  cut 
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levator  palpebne  superioris. 
superior  rectus. 

ophthalmic  artery, 
arteria  centralis  retina, 
external  rectus, 
inferior  rectus. 

-  infraorbital  artery  and  nerve. 


upper  fornix  of  the  veslibulum 

oris, 
sucking  pad  of  fat. 

sublingual  fossa,  with  the  sub- 
lingual gland  below  it. 


Fig.  718. — Coronal  section  of  right  side  of  face  of  boy  of  six  years  of  age.  The  lacrymal  gland 
is  crossed  by  the  dotted  lines  to  the  levator  and  superior  rectus.  The  perineural  space, 
with  the  ciliary  vessels  and  nerves  therein  contained,  and  the  organisation  of  the-  fatty 
cone,  are  also  shown. 

prolonged  over  the  sclerotic,  beneath  the  superior  rectus,  piercing  and  carrying 
with  it  an  oblique  expansion  of  Tenon's  capsule  to  be  inserted  into  the  sclerotic 
at  the  level  of  the  equator  oculi,  in  the  interval  between  the  superior  and  the 
external  rectus. 

The  trochlea  is  made  up  of  a  fine  grooved  plate  of  hyaliue  cartilage  4  mm.  long  by  6 
broad,  curved  into  a  tube  wherein  the  tendon  lies.  The  edges  of  the  cartilage  are  tied  to 
the  trochlear  fossa  of  the  frontal  by  the  fibrous  retinacula  troehlese,  which  complete 
the  tube.  The  tendon  here  is  invested  by  a  very  lax  laminated  areolar  tissue  with  an 
imperfect  endothelial  lining  in  its  clefts,  but  there  is  scarcely  ever  a  true  synovial  membrane 
lining  the  trochlea.  The  reflected  tendon  is  invested  rn  a  loose  sheath,  derived  from  Tenon's 
fascia,  and  is  nearly  20  mm.  long. 

This  muscle  has  its  metameric  nerve,  the  fourth,  lying  on  its  upper  surface,  and  is  separated 
from  the  contiguous  muscles  by  a  distinct,  but  very  thin,  intermuscular  septum,  wherein 
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the  nasal  nerve  lies  for  part  of  its  course.  The  trochlea  is  the  specialised  margin  of  this 
septum,  and  was  primitively  the  sheath  of  the  muscle  at  its  origin  ;  but  the  need  for  a 
longer  belly  in  mammals  has  led  to  the  development  of  a  pulley,  and  the  retrocession  of 
the  origin  which  has  travelled  backwards  along  the  inner  side  of  the  orbit,  hence  the  linear 
extent  of  the  bony  origin  is  variable. 

521.   THE    FOURTH   NERVE  (§  514)  enters  the  orbit  above  the  frontal 
branch  of  the  fifth,  and  having  emerged  from  its  canal  of  dura  mater  crosses  the 

origin  of  the  levator 
patyebrce  superioris  to 
lie  on  the  upper  sur- 
face of  the  superior 
oblique  muscle,  which 
after  a  short  course 
it  pierces  and  supplies 

(%•  7*5,  3)- 

It  consists  of  about 
2,000  coarse  fibres  dis- 
tributed to  a  muscle 
which  consists  of  about 
as  many  fibres. 

Within  the  orbit 
a  few  filaments  accom- 
pany the  fourth  nerve 
which  it  has  received 
from  the  fifth,  these 
are  apparently  distri- 
buted to  the  superior 
oblique  only. 

Below  the  superior 
oblique  the  nasal  nerve 
and  the  ethmoidal  ar- 
teries separate  this 
muscle  from  the  in- 
ferior rectus. 

522.  THE  EX- 
TERNAL RECTUS 

(fig.  717,  u)  arises  by 
two  heads — a  superior, 
connected  to  the  ori- 
gin of  the  superior 
rectus  and  arising  from 
the  superior  orbital 
tendon  and  the  peri- 
osteum of  the  thin 
ridge  of  bone  between 
the  optic  foramen  and 
the  sphenoidal  fissure ; 
the    inferior    head    a- 


Fig.  719. — Diagram  showing  the  actions  of  the  muscles  of  the  orbit 
— Qxl,  line  of  action  of  internal  rectus ;  Q  E,  ditto  of  external 
rectus.  These  rotate  the  eyeball  in  the  plane  of  the  diagram, 
around  a  vertical  central  axis,  0 ;  R.  inf. ,  R.  sup. ,  the  two  ends 
of  the  dotted  line  representing  the  axis  around  which  the 
superior  and  inferior  rectus  rotate  the  eyeball,  forming  an  angle 
of  20°  with  the  axis  Q  Qi.  These  recti  retract  the  eyeball  along 
the  line  s  i.  The  axis  of  rotationof  the  two  oblique  muscles  lies 
in  the  dotted  line  Obi.  sup.,  Obi.  inf.,  and  forms  an  angle  of 
60°  with  the  axis  QQi.  Both  these  latter  axes  lie  in  the 
horizontal  plane  of  bisection  of  the  eyeball.  The  superior 
oblique  draws  the  eyeball  along  the  line  cd,  the  inferior 
along  the  line  ab.  These  are  the  displacements  of  the 
eyeball  from  the  neutral  plane  of  rest. 

rises  from  the  part  of 

the  inferior  orbital  tendon,  which  bridges  the  lower  part  of  the  sphenoidal 
fissure  between  the  tendon  of  the  inferior  rectus  and  the  spina  recti  externi 
on  the  great  wing  of  the  sphenoid.  Between  these  two  heads  the  inferior 
division  of  the  third,  the  nasal,  and  sixth  nerves,  and  the  ophthalmic  vein, 
pass.  The  muscle  extends  forwards,  diverging  at  an  angle  of  6o°  from  its 
fellow  of  the  opposite  orbit,  and  is  inserted  by  a  tendon  4  mm.  long  into  the 
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sclerotic,  7-5  mm.  from  the  corneal  edge.     The  line  of  tendinous  insertion  is 
6  mm.  long,  and  convex  forwards. 

The  external  rectus  is  supplied  on  its  ocular  surface  by  the  sixth  nerve.  It 
has  on  its  inner  side  the  fatty  cone  and  the  capsule  of  Tenon,  the  ciliary 
ganglion,  the  ophthalmic  artery,  and  nasal  nerve. 

523.  THE  SIXTH  NERVE  enters  the  orbit  internally  through  the  sphenoidal 
fissure,  passes  between  the  heads  of  the  external  rectus,  and  is  distributed  to 
its  substance.  It  consists  of  about  2.000  large  fibres,  and  is  distributed  to  a 
muscle  which  contains  about  5,000  fibres.  In  the  orbit  it  neither  receives  nor 
gives  any  communicating  branches. 

524.  THE  NASAL  BRANCH  OF  THE  OPHTHALMIC  NERVE  (fig.  715,  7) 
enters  the  orbit  between  the  heads  of  the  external  rectus,  and  passes  obliquely 
inwards  and  forwards  over  the  optic  nerve,  first  beneath,  then  through,  the 
fatty  cone  along  with  the  ophthalmic  artery,  beneath  the  superior  rectus,  and 
then  passes  above  the  upper  edge  of  the  internal  rectus  and  below  the  superior 
oblique.  Here  it  enters  the  anterior  ethmoidal  foramen,  and  passing  between 
two  fronto-ethmoidal  cells,  enters  the  cranial  cavity  external  to  the  cribriform 
plate,  which  it  crosses,  passing  forwards  to  sink  through  a  slit  beside  the  crista 
galli.  In  the  nose  it  passes  along  the  sulcus  olfactorius  forwards,  and  divides 
into  three  terminal  branches — (1)  to  the  mucosa  of  the  septum  ;  (2)  lateral  to 
the  mucosa  of  the  atrium  and  agger ;  (3)  cutaneous,  which  first  grooves  and 
then  pierces  the  nasal  bone,  and  is  distributed  to  the  skin  of  the  ridge  of  the 
nose  as  far  as  the  tip. 

__ t,~m'c~n<>~" 


Fig.  720. — Scheme  of  the  distribution  of  the  third  and  fourth  nerves  in  the  orbit. 

As  the  nasal  nerve  enters  the  orbit  it  gives  off  (1)  the  long  root  of  the 
ciliary  ganglion,  about  1  cm.  long,  which  passes  along  the  outer  surface  of 
the  optic  nerve.  (2)  Farther  forward  it  sends  oif  long  ciliary  branches,  which 
run  on  the  inner  side  of  the  optic  nerve,  traverse  the  sclerotic,  to  end  within 
the  eyeball  (p.  670).  (3)  Before  it  enters  the  ethmoidal  hole  it  gives  off  a 
minute  filament  into  the  posterior  ethmoidal  foramen,  which  is  lost  in  the 
mucosa  of  the  posterior  fronto-ethmoidal  cells  (nervulus  sphenoethmoidalis). 

As  it  enters  the  anterior  ethmoidal  hole  it  gives  off  the  infratrochlear  nerve 
which  escapes  below  and  internal  to  the  trochlea,  with  the  nasal  branch  of  the 
ophthalmic  artery.  This  sends  off  an  ascending  branch  to  form  the  trochlear 
loop  with  the  supratrochlear  (p.  649),  and  a  descending  to  the  plica  semi- 
lunaris and  conjunctiva  of  the  inner  canthus. 

The  nasal  is  the  nerve  of  the  margin  of  the  fronto-nasal  lobe,  derived  from 
the  suprabranchial  nerve  of  the  premandibular  segment. 

Dividing  the  superior  oblique  directly  behind  the  trochlea  and  reflecting  it 
backwards,  the  internal  rectus  is  shown. 
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525.  INTERNAL  RECTUS  (fig.  7*7;  i°),  the  longest  and  largest  of  the 
series  arises  on  the  inner  side  of  the  optic  nerve  from  the  inferior  orbital  ten- 
don, and  by  a  few  fibres  from  the  superior  tendon.  It  passes  forwards,  nearly 
parallel  to  its  fellow,  to  be  inserted  by  a  tendon,  8  mm.  long,  into  the  sclerotic 
7  nun.,  from  the  corneal  edge,  by  a  line  of  insertion  about  8  mm.  long  and 
concave  forwards.  Above  its  upper  edge  lies  the  nasal  nerve  and  ethmoidal 
arteries,  and  the  terminal  branches  of  the  ophthalmic  artery.  It  is  supplied 
by  the  inferior  division  of  the  third  nerve,  and  the  inferior  muscular  branch 
of  the  ophthalmic  artery. 

526.  THE  THIRD  NERVE  (fig.  720)  has  been  already  seen  (p.  647)  to 
divide  in  the  dura  mater  of  the  outer  wall  of  the  cavernous  sinus  into  two 
branches — a  smaller  superior  and  a  larger  inferior.  The  superior  division 
enters  the  sphenoidal  fissure  below  the  frontal  and  above  the  nasal  nerves  ;  it 
lies  usually  between  the  heads  of  the  external  rectus,  and  ascends  over  the  optic 
nerve  and  ciliary  ganglion  to  the  under  surface  of  the  rectus  superior,  and 
passing  the  outer  edge  of  this  muscle  to  the  under  side  of  the  levator  palpebrw 
superioris. 

The  inferior  branch  passes  also  between  the  heads  of  the  external  rectus, 
and  divides  into  three  branches: — (1)  for  the  internal  rectus;  (2)  for  the 
inferior  rectus  ;  and  (3)  for  the  inferior  oblique. 

The  two  former  pass  beneath  the  optic  nerve  inwards  to  their  respective 
muscles.  The  last  passes  forwards  between  the  inferior  and  the  external  rectus 
outside  and  below  the  optic  nerve ;  as  it  passes  the  hinder  fourth  of  this,  it 
gives  off  a  short,  thick  nerve,  the  short  root  of  the  ciliary  ganglion,  and  is 
continued  inwards  to  end  in  the  inferior  oblique  muscle. 

There  are  about  15,000  fibres  in  this  nerve,  and  among  the  five  muscles  to 
which  it  is  distributed  there  are  about  40,000  muscular  fibres.  Except  in  the 
ciliary  ganglion  there  are  no  orbital  anastomoses  of  this  nerve. 

527.  THE  CILIARY  GANGLION  (fig.  720)  is  more  closely  connected  with 
the  third  than  with  the  fifth  nerve,  but  from  its  later  development  is  more 
probably  a  ganglion  of  the  sympathetic  system  rather  than  a  primary  root 
ganglion. 

The  ciliary  ganglion  is  a  small  quadrate  body,  2  mm.  high,  17  long,  and 
o-6  thick,  placed  on  the  outer  surface  of  the  optic  nerve,  internal  to  the 
external  rectus.  It  is  found  most  easily  by  tracing  the  branch  of  the  third 
nerve  to  the  inferior  oblique  backwards  towards  its  root,  when  it  will  be  seen 
to  lie  directly  above  this  nerve  on  a  level  behind  the  point  where  the 
ophthalmic  artery  crosses  the  optic  nerve. 

Into  its  upper  and  hinder  angle  passes  the  long  root  from  the  nasal  nerve, 
Into  its  lower  hinder  angle  the  short,  thick  root  passes  from  the  nerve  to  the 
inferior  oblique,  and  into  its  hinder  border  about  four  very  fine  filaments  from 
the  cavernous  plexus  of  the  sympathetic. 

From  the  front  border  of  the  ciliary  ganglion  about  six  short  ciliary  nerves 
arise.  These  pass  forwards  in  the  perineural  space,  and  each  divides  into 
several  branches,  so  that  when  they  reach  the  eyeball  there  are  about  twenty 
nerves,  of  which  one  large  set  is  above  and  external,  a  second  set  below 
and  internal. 

They  pierce  the  sclerotic  and  then  enter  the  eyeball  (p.  670). 

528.  THE  OPHTHALMIC  ARTERY  (figs.  721,  723)  arises  from  the  anterior 
convex  surface  of  the  fourth  curve  of  the  internal  carotid  as  it  emerges  through 
the  dura  mater  beneath  the  anterior  clinoid  process.  It  enters  the  orbit  through 
the  optic  foramen  beneath  the  nerve,  and,  piercing  the  enveloping  sheath  of  dura 
mater,  passes  at  first  outwards,  and  lies  between  the  external  rectus  and  the  optic 
nerve  below  the  nasal  nerve.     It  thence  ascends  tortuously  (even  in  the  child) 
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forwards  and  inwards,  crossing  over  the  optic  nerve  beneath  the  superior  rectus 
and  in  front  of  the  nasal  nerve.  Having  reached  the  inner  side  of  the  optic 
nerve,  it  passes  forwards  between  the  superior  oblique  and  the  internal  rectus  to 
terminate  by  bifurcating  beneath  the  trochlea. 

Shortly  after  its  entrance  into  the  orbit  it  sends  off  a  short  inferior  branch, 
usually  of  small  size,  which  passes  beneath  the  optic  nerve  to  its  inner  side  and 
divides  into  two. 

1.  The  arteria  centralis  retinae,  which  enters  the  outer  side  of  the 

optic  nerve,  in  the  axis  of  which  it  passes  forwards  to  the  retina  (p.  659). 
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angular  artery. 
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frontal. 

anterior  ciliary  branches  of 
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Fig.  721. — Scheme  of  course  and  branches  of  the  ophthalmic  artery. 

2.  The  internal  posterior  ciliary  stem. — This  passes  forsvards  and 

inwards,  and  subdivides  in  the  perineural  space  into  six  or  seven  bi-anches 
which  pierce  the  sclerotic;  one  of  these  is  usually  larger  and  pierces  a  little 
farther  out  than  the  rest  (internal  long  ciliary),  another  usually  anastomoses 
with  the  internal  muscular  artery. 

From  the  trunk  of  the  ophthalmic,  external  to  the  optic  nerve,  the  following 
branches  arise  : — 

3.  External  posterior  Ciliaries,  three  or  four  stems,  which  pass  forwards 
along  the  optic  nerve.  These  divide  as  they  approach  the  sclerotic,  so  that 
about  six  or  seven  vessels  usually  pierce  that  membrane.  One  of  these,  the 
external  long  ciliary,  can  sometimes  be  distinguished.  There  are  in  all  about 
twelve  or  thirteen  ciliary  arteries  piercing  the  sclerotic  (tig.  733)- 

4.  Lacrymal  artery  arises  between  the  external  and  the  superior  rectus, 
external  to  the  optic  nerve,  and  passes  forwards  close  to  the  periosteum  along 
with  the  lacrymal  nerve.  Near  its  origin  it  sends  a  recurrent  branch  through 
the  dura  mater  of  the  sphenoidal  fissure,  which  anastomoses  with  the  external 
receptacular  branch  of  the  internal  carotid,  and  still  farther  outward  it  receives 
a  large  branch  through  the  highest  and  outmost  part  of  that  fissure  from  the 
middle  meningeal.     This  branch  varies  inversely  in  size   with  the  lacrymal 
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itself.  It  sends  off  (1)  muscular  branches  to  the  external  rectus ;  (2)  zygomatic 
branph.es  accompanying  the  lacrymal  loop  of  nerves;  (3)  glandular  branches  to 
the  lacrymal  gland ;  and  (4)  lateral  palpebral  to  the  outer  part  of  the  upper 
eyelid. 

5.  Superior  muscular  arises,  either  independently  or  by  a  common  stem 
with  the  last,  under  the  edge  of  the  superior  rectus.  It  passes  forwards  and 
supplies  the  superior  rectus,  levator  palpebral  superioris,  and  the  superior  oblique; 
it  sends  forwards  anterior  ciliary  branches  which  supply  the  eyeball  (fig.  733). 

6.  Supraorbital,  usually  a  very  small  branch,  arises  on  the  inner  side  of 
the  superior  rectus  over  the  optic  nerve,  it  accompanies  its  nerve  through  the 
supraorbital  notch,  sending  off' by  the  way  (1)  periosteal  branches  to  the  frontal 
bone;  (2)  diploic  to  the  frontal  sinus  and  diploe;  and  (3)  terminal  branches  on 
the  forehead,  which  anastomose  with  the  zygomato-orbital  and  anterior  branches 
of  the  temporal  artery  and  with  the  frontal. 

7.  Posterior  ethmoidal  is  also  small,  and  most  commonly  arises  by  a 
common  trunk  with  the  last,  passing  below  the  superior  oblique,  through  the 
posterior  ethmoidal  foramen,  it  supplies  the  hinder  ethmoidal  cells  and  sends  a 
meningeal  branch  to  the  dura  mater  over  the  cribriform  plate. 

8.  Inferior  muscular,  larger  than  the  superior,  arises  on  the  inner  side  of 
the  optic  nerve  and  receives  a  minute  branch  of  anastomosis  from  the  internal 
ciliary,  which  is  sometimes  enlarged  to  compensate  for  a  small  or  obliterated 
epineural  ophthalmic  trunk.  It  supplies  the  internal  and  inferior  recti  and  the 
inferior  oblique,  and  sends  off  a  number  of  anterior  ciliaiy  branches. 

9.  Anterior  ethmoidal,  larger  than  the  posterior,  passes  out  of  the  orbit 
through  the  anterior  ethmoidal  foramen  with  the  nasal  nerve.  On  its  way  it 
sends  branches  to  the  lacrymo-ethmoidal  and  anterior  fronto-ethmoidal  cells, 
and  having  entered  the  cranial  cavity  divides  into  anterior  meningeal  and  nasal 
branches.  The  former  supplies  the  dura  mater  of  the  anterior  cranial  fossa, 
the  latter  entering  the  nose  supplies  the  mucosa  of  the  olfactory  sulcus. 

10.  Palpebral  arteries  are  usually  two  which  arise  where  the  ophthalmic 
artery  is  about  to  pierce  the  tarsal  membrane,  the  superior  enters  the  upper  lid 
and  forms  therein  the  superior  palpebral  arch  by  anastomosing  with  the  palpe- 
bral branch  of  the  lacrymal  ai^tery.  The  inferior  enters  the  lower  lid  beneath 
the  tarsal  membrane,  and  supplies  the  lacryrnal  sac,  and  forms  the  inferior 
palpebral  arch  by  joining  branches  of  the  transverse  facial  and  angular 
arteries. 

The  terminal  branches  of  ophthalmic  artery  are  : — 

11.  Frontal  (fig.  723,  18),  which  escapes  close  to  the  internal  frontal  nerves, 
external  to  the  trochlea  or  else  with  the  next,  and  is  distributed  to  the  brow, 
anastomosing  with  the  supraorbital  and  with  its  fellow. 

The  dorsalis  nasi  (ib.,  19)  escapes  through  the  tarsal  membrane  over  the 
tendo  palpebrarum  internum,  sends  an  ascending  branch  to  join  the  last  and  its 
fellow  over  the  root  of  the  nose,  but  for  the  most  part  descends  and  supplies  the 
dorsum  of  the  nose,  anastomosing  with  the  angular  and  lateral  nasal  branches 
of  the  facial  artery  (ib.,  32).     It  supplies  the  lacrymal  sac. 

529.  THE  SUPERIOR  OPHTHALMIC  VEIN  (fig.  722)  is  a  large  straight 
vessel,  which  crosses  diagonally  backwards  and  outwards  from  the  inner  canthus 
to  the  sphenoidal  fissure.  It  begins  in  a  small  plexus  near  the  inner  canthus, 
whose  branches  pass  respectively  to  the  facial  and  transverse  facial  veins,  and 
as  it  passes  backwards  lies  anterior  and  superficial  to  its  artery,  and  receives 
superior  muscular,  ciliary,  ethmoidal,  and  lacrymal  branches.  It  leaves  the 
orbit  by  passing  below  the  sixth  nerve  between  the  heads  of  the  external  rectus, 
and  empties  into  the  cavernous  sinus.  The  blood  of  the  terminal  and  other 
extra-orbital  branches  of  the  ophthalmic  artery  is  not  returned  by  this  channel. 
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-Below  the  optic  nerve  there  is  a  smaller  inferior  Orbital  vein,  which  is 
formed  by  the  veins  from  the  lower  ciliary  and  inferior  muscular  arteries,  it 
communicates  through  the  spheno-maxillary  fissure  with  the  pterygoid  plexus, 
but  sends  a  small  branch  backwards  to  the  caveimous  sinus. 

530.  THE  OPTIC  NERVE  (p.  693)  for  its  second  stage  is  somewhat  sig- 
moidally  curved  in  its  course  from  the  optic  foramen  to  the  back  of  the  eyeball, 
its  hinder  part  being  concave  downwards  and  outwards,  its  fore  part  being 
concave  inwards.  It  is  not  quite  in  the  axis  of  the  orbit,  but  a  little  to  its 
inner  side.     The  nerve  shows  also  a  small  degree  of  torsion. 

The  sheath  of  dura  mater  which  passes  in  with  it  through  the  optic  foramen 
is  prolonged  as  a  firm  fibrous  sheath  as  far  as  the  eyeball,  where  it  is  continuous 
with  the  sclerotic,  and  it  is  also  continuous  around  the  foramen  with  the  peri- 
osteum of  the  orbit,  so  there  is  around  the  nerve  as  it  enters  the  orbit  an 
angular  engirdling  recess,  from  the  periosteal  side  from  which  the  muscles  arise. 


Fig.  722. — Dissection  of  the  injected  orbital  veins. 

The  optic  nerve  is  surrounded  by  the  perineural  space  in  which  the  ciliary 
nerves  and  vessels  pass  forwards,  and  is  separated  by  the  intramuscular  cone  of 
fat  from  the  four  recti.  Externally,  the  nasal  nerve,  ciliary  ganglion,  ophthal- 
mic artery  and  vein,  and  the  sixth  nerve,  intervene  between  it  and  the  external 
rectus.  Above,  the  nasal  nerve,  ophthalmic  artery  and  vein  similarly  separate 
it  from  the  superior  rectus,  and  below,  the  inferior  division  of  the  third  under- 
lies it,  as  it  is  related  to  the  inferior  rectus.  The  intraorbital  stage  of  the  nerve 
is  about  26  mm.  long,  and  is  enveloped  under  the  dural  sheath  by  a  fine  layer, 
the  ai-achnoid  sheath,  separated  by  a  subdural  lymph  space  from  the  overlying, 
and  by  a  subarachnoid  lymph  space  from  the  underlying,  envelope.  The  latter 
or  pial  sheath  sends  in  processes  which  tie  the  component  bundles  of  fibres  of 
the  nerve,  800  or  thereabouts,  together.  In  a  central  canal  enclosed  in  a 
thickening  of  the  processes  of  this  sheath,  the  central  vessels  of  the  retina  pass 
forwards.  The  presence  of  this  central  mass  of  the  pial  sheath  differentiates 
the  last  cm.  of  the  nerve.  The  nerve  contains  about  400,000  fibres  of  estimable 
size,  and  many  extremely  minute  filaments  in  their  interspaces. 

Divide  the  ophthalmic  vessels  as  they  cross  the  optic  nerve  and  reflect  them. 
Divide  the  optic  nerve  at  its  entrance  into  the  orbit  and  draw  it  forwards, 
remove  the  fat  below  the  nerve,  and  so  expose  the  inferior  division  of  the  third 
nerve,  and  the  inferior  rectus  muscle. 

531.  THE  INFERIOR  RECTUS  arises  by  the  middle  slip  of  the  inferior 
orbital  tendon  from  the  periosteum  below  the  optic  foramen.     In  length  it  is 
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the  shortest  and  in  bulk  the  third  of  the  recti,  and  it  is  inserted  by  a  tendon 
5*5  mm.  long  into  the  sclerotic,  7  mm.  behind  the  corneal  edge,  and  its  line  of 
insertion  is  6  mm.  long,  and  nearly  straight,  equidistant  between  the  internal 
and  external  recti.  The  capsule  of  Tenon  sheathing  the  tendon  is  laterally  and 
firmly  attached  to  the  tendon  and  prolonged  into  the  lower  lid,  in  front  of  the 
tarsal  body,  and  is  attached  by  a  deep  series  of  fibres  into  the  fornix  palpebrte 
inferioris.  From  this  expansion  arise  unstriped  fibres  which  form  a  lamella 
in  the  lower  lid  attached  to  the  edge  of  the  tarsal  body,  the  musculus 
palpebralis  inferior. 


Fig.  723. — Orbit  opened  from  the  outer  side  showing  the  ophthalmic  artery  and  its  branches — 
1,  origin  of  recti;  2,  levator  palpebra?  superioris  cut;  3,  siiperior  rectus;  4,  siiperior 
oblique  ;  5,  external  rectus  ;  6,  inferior  rectus  ;  7,  inferior  oblique  ;  8,  lacrymal  gland  : 
9,  carotid  artery;  91,  ophthalmic  artery;  10,  lacrymal  artery;  11,  palpebral  artery; 
12,  inferior  lacrymal  duct;  13,  supraorbital  artery;  14,  long  ciliary;  15,  16,  ethmoidal 
arteries;  17,  bifurcation  of  ophthalmic  artery;  18,  frontal  artery;  19,  nasal;  20,  inferior 
muscular;  21,  short  ciliaries  ;  22,  internal  maxillary  ;  23,  its  fourth  stage ;  24,  alveolar ; 
25,  dental;  26,  gingival  branch;  27,  28,  29,  infraorbital;  30,  31,  facial;  32,  lateral  nerve. 

Dissection. — Divide  the  inferior  tarsal  membrane  at  its  infraorbital  attachment  and 
raise  the  eyeball.  The  inferiOP  Oblique  is  brought  into  view  arising  at  the  front  of  the 
orbit  from  a  pit  in  the  superior  maxillary  bone  behind  the  orbital  brim,  and  external  to  the 
hamulus  lacrymalis.  From  its  short  tendon  of  origin  its  small  fleshy  belly  passes  backwards, 
outwards,  and  a  little  upwards,  its  course  intersecting  the  axis  of  the  orbit  at  an  angle  of 
75°,  and  it  is  inserted  into  the  sclerotic  between  the  superior  and  the  external  recti  in  a  zone 
nearer  to  the  optic  nerve  than  that  of  the  insertion  of  the  superior  oblique. 

As  it  lies  in  the  orbit  it  is  a  flat  band  with  its  sm-faces  directed  upwards  and  downwards 
respectively,  and  its  insertion  is  broad  in  the  horizontal  meridian  of  the  eyeball.  Its  nerve 
enters  its  hinder  border  about  its  mid  poiut. 

In  the  neutral  or  primary  position  of  the  eyeballs,  the  visual  axis,  which 
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passes  through  the  most  prominent  spot  of  the  cornea  and  the  fovea  centralis 
of  the  retina,  is  in  a  horizontal  plane,  but  owing  to  the  greater  size  of  the 
internal  rectus  this  visual  axis  converges  with  that  of  its  fellow  about  40  cm.  in 
front  of  the  eye. 

All  motions  of  the  eyeball  take  place  around  a  point  of  rotation  situated 
177  mm.  behind  the  centre  of  the  visual  axis  (fig.  719,  S  S1).  The  visual  axis 
of  the  two  eyes  lie  in  a  plane,  the  visual  plane,  whose  hinder  limit  is  a  line 
joining  the  two  centres  of  rotation.  The  transverse  axis  (fig.  719,  Q  Q1)  is  the 
horizontal  co-ordinate  of  this  system,  and  the  vertical  axis  is  at  right  angles  to 
the  diagram.  The  eyes  can  be  raised  until  the  visual  plane  in  its  secondary 
position  forms  an  angle  of  340  with  its  level  in  the  primary  position.  They 
can  be  depressed  to  an  angle  of  57°.  They  can  be  turned  outwards  through 
42°  and  inwards  through  450. 

When  the  eye  is  in  a  secondary  position,  up  or  down,  out  or  in,  and  is  then 
made  to  move  at  right  angles  around  the  altered  axis,  the  new  position  is  called 
a  tertiary  one,  and  is  always  associated  with  a  rotation  of  the  eyeball  around  its 
sagittal  axis. 

The  eye  is  turned  outwards  by  the  external  rectus ;  inwards  by  the  internal 
rectus;  upwards  by  the  superior  rectus  and  inferior  oblique;  downwards  by  the 
inferior  rectus  and  the  superior  oblique;  upwards  and  outwards  by  the  external 
and  superior  recti  and  inferior  oblique;  downwards  and  outwards  by  the  inferior 
and  external  recti  and  the  superior  oblique;  upwards  and  inwards  by  the 
internal  and  superior  recti  and  the  inferior  oblique ;  downwards  and  inwards 
by  the  internal  and  inferior  recti  and  the  superior  oblique. 

Dissection. — The  contents  of  the  orbit  having  been  cleaned  out,  the  museulus 
OF-bitalis  is  exposed  as  a  layer  of  unstriped  libres  overlying  the  membrane  which  closes 
the  spheno-maxillary  fissure.  This  muscle  consists  of  fibres  passing  obliquely  from  the 
maxillary  to  the  sphenoidal  edge  of  the  membrane,  and  extending  upwards  on  the  sphenoid, 
especially  in  front.  It  is  nearly  1  mm.  thick  for  the  middle  third  of  the  space,  but  is  thinner 
in  front  and  behind. 

Remove  the  bridge  of  bone  which  separates  the  foramen  rotundum  from  the  sphenoidal 
fissure,  and  break  through  and  remove  the  lamella  of  bone  which  overlies  the  infraorbital 
canal.     Thereby  the  maxillary  nerve  is  exposed. 

532.  THE  MAXILLARY  NERVE  (superior  maxillary)  arises  from  the 
front  of  the  Gasserian  ganglion  (fig.  724),  and  passes  forwards  in  a  canal  of 
dura  mater  to  escape  through  the  foramen  rotundum.  It  is  larger  than  the  oph- 
thalmic, but  smaller  than  the  inferior  maxillary.  Its  course  is  divisible  into 
three  parts — intracranial,  spheno-maxillary,  and  infraorbital. 

The  intracranial  stage  (ib.,  1)  is  about  1  cm.  long,  and  is  directed  horizontally 
forwards,  and  as  it  is  about  to  leave  the  cranium  it  gives  off  two  fine  branches 
to  the  dura  mater,  chiefly  passing  along  the  line  of  the  middle  meningeal 
artery.     These  form  loops  with  the  inframaxillary  meningeal  nerves. 

The  maxillary  nerve  in  the  foramen  rotundum  enlarges,  and  becomes 
looser  in  texture,  and  passes  outwards  and  forwards  obliquely  in  the  spheno- 
maxillary fossa  towards  the  spheno-maxillary  fissure,  through  which  it  enters 
the  orbit.  In  this  part  of  its  course  it  lies  above  the  terminal  branches  of  the 
internal  maxillary  artery,  and  above  and  internal  to  the  external  pterygoid 
muscle. 

In  this  stage  the'  nerve  sends  (1)  downwards  at  right  angles  a  soft,  often 
divided,  spheno-maxillary  branch  into  the  pterygo-maxillary  fossa.  This, 
on  the  outer  side  of  the  spheno-palatine  foramen,  enlarges  and  forms  the  spheno- 
maxillary, or  Meckel's  ganglion  (ib.,  3).  (2)  From  its  outer  and  upper  surface 
it  sends  the  orbital  branch  (ib.,  2),  which  enters  the  orbit  through  the  spheno- 
maxillary fissure,  and  there  divides  into  two  branches,  one  of  which  passes 
through  the  temporal,  the  other  thx-ough  the  malar  canals  in  the  malar  bone. 
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The  temporal  branch  sends  a  branch  to  form  the  lacrymal  loop  with  the 
laciymal  nerve ;  and  having  traversed  the  bony  canal,  it  escapes  at  the  hinder 
border  of  the  temporal  surface  of  the  malar  bone,  pierces  the  temporal  fascia,  to 
be  distributed  to  the  skin  over  the  frontal  part  of  the  temporal  region. 

The  malar  branch  escapes  on  the  facial  surface  of  the  malar  bone,  and  is 
distributed  to  the  skin  of  the  cheek. 

(3)  The  posterior  alveolar  nerve  (ib.,  4),  often  double,  arises  as  the  trunk 
is  about  to  enter  the  orbit,  and  descends  on  the  tuber  maxillare  ;  here  it  gives 
off  an  external  set  of  branches  which  are  distributed  to  the  gums  and  neigh- 
bouiing  part  of  the  cheek,  superior  gingival  branches.  The  main  stem  enters 
the  posterior  alveolar  foramen,  and  runs  in  a  canal  above  the  alveoli  of  the 
upper  molar  teeth,  to  each  fang  of  which  it  sends  a  twig.  This  nerve  gives 
off  internal  branches  which  enter  the  antrum. 

The  third  stage  of  the  superior  maxillary  nerve  lies  in  the  infraorbital  canal 
in  the  maxilla,  and  is  accompanied  by  the  infraorbital  artery.  It  is  to  be 
exposed  by  removing  the  contents  of  the  orbital  cavity  and  opening  the  canal. 


nasal  br. 


Fig.  724. — The  maxillary  nerve  and  the  sphenopalatine  ganglion,  seen  from  without. 
The  outer  lamella  of  the  alveolar  arch  is  removed. 

Shortly  after  its  entrance  this  nerve  sends  off  a  middle  alveolar  branch 
which  passes  in  a  special  canal  outwards  and  downwards,  and  ends  by  sending 
branches  to  the  premolars  and  canine  teeth.  This  nerve  is  joined  by  a  branch 
of  the  last  over  the  second  premolar  alveolus,  and  forms  there  a  slight  thicken- 
ing, not  a  true  ganglion,  the  pseudo-ganglion  of  Valentin  (fig.  724,  7).  At 
the  anterior  third  of  the  infraorbital  canal  a  third  (the  anterior  alveolar) 
nerve  arises.  This  passes  downwards  in  the  anterior  alveolar  canal  in  the 
maxilla,  along  the  front  wall  of  the  antrum,  and  divides  into  a  series  of  branches 
distributed  to  the  incisor  teeth  ;  one  large  nasal  branch  passes  inwards,  and  is 
distributed  to  the  nmcosa  of  the  inferior  meatus.  Anteriorly,  where  the  foremost 
branch  of  the  middle  alveolar  nerve  joins  the  anterior,  over  the  alveolus  of 
the  canine  tooth  is  a  second  swelling,  the  pseudo-ganglion  of  Bochdalek, 
from  which  nerves  descend  to  supply  the  canine  tooth.  Like  the  former  it 
is  not  a  true  ganglion. 

The  terminal  branches  of  the  maxillarv  emerge  as  the  infraorbital  nerVe 
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(a  name  sometimes  given  to  the  whole  third  stage)  below  the  orbit,  and  here 
they  separate  into  three  sets  of  branches,  which  lie  at  first  under  the  levator 
labii  superioris  and  over  the  levator  anguli  oris  (fig.  614).  1.  The  ascending* 
or  palpebral  branches  are  two.  One  turns  upwards  and  inwards,  and  supplies 
the  skin  and  conjunctiva  of  the  middle  and  inner  thirds  of  the  lower  lid  ;  a 
second  turns  outwards  and  upwards  to  supply  its  outer  third.  From  the 
former  pass  perforating  branches,  which  enter  the  holes  of  the  sutura  notha  of 
the  maxilla,  are  distributed  to  the  bone  and  also  to  the  adjacent  mucosa  of 
the  nose. 

2.  The  internal  or  nasal  branches  are  two,  distributed  to  the  skin  of  the 
ala  nasi,  nostrils,  and  philtrum. 

3.  The  labial  branches  are  four,  and  are  the  largest  branches  of  the  nerve. 
They  end  in  the  skin,  mucosa,  and  prolabium  of  the  upper  lip. 

Xeni  nasales  post,  sup- 

Ganglion  splieno-palaUnunt 
X.  vidianus 

X.  tensor  is  vcli  palali 

Ganglion  oticum 


2fi  nasalis 

antcr. 


tensoris  tympuui 

X.  petrosus  sap.  major 


\CItorda 
tympani 

1  1  Art.  max.  int. 

\    X.  atiriculo-temp. 

t.  meningea  med. 

Art.  alveolar  is 
inferior 
Muse,  pterygoid, 
interims 


X.  mandil/vlaris 
lingiialis 


X.  mylo-hyoidats 


Fig.  725. — The  sphenopalatine  (Meckel's)  and  otic  (Arnold's)  ganglia  and  their  relations, 

seen  from  within. 

533.  MECKEL'S  GANGLION.— The  spheno-maxillary  branch,  after  a  short 

vertical  course,  enlarges  into  the  spheno-palatine  of  Meckel's  ganglion 

(figs.  724,  3;  725),  a  small,  flattened,  irregularly  three-sided  body,  with  difficulty 
cleaned,  as  its  branches  are  closely  related  to  the  terminal  branches  of  the 
internal  maxillary  artery  and  are  surrounded  by  soft  fat. 

Into  its  posterior  angle  passes  the  Vidian  nerve,  a  compound  trunk  which 
passes  through  the  Vidian  canal,  but  which  at  the  posterior  mouth  of  that 
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canal  is  formed  by  the  union  of  two  nerves,  the  great  superficial  petrosal, 
the  motor  root  of  the  ganglion,  and  the  great  deep  petrosal.  The 
former  of  these  is  a  medullated  nerve  with  large  white  fibres ;  the  latter  is  a 
gelatinous  nerve  with,  for  the  most  part,  non-medullated  fibres,  arising  from 
the  outer  division  of  the  carotid  plexus,  passing  horizontally  from  the  carotid 
canal,  through  the  meso-cranial  cartilage,  to  the  Vidian  foramen.  This  is  the 
sympathetic  root  of  the  ganglion,  or,  rather,  the  continuous  sympathetic 
cord  to  which  the  spheno-palatine  and  greater  superficial  petrosal  are  rami 
communicantes. 

The  great  superficial  petrosal  has  been  seen  within  the  skull  as  it  emerges 
from  the  hiatus  Fallopii  and  dips  through  the  foramen  lacerum  anterius  to  the 
Vidian  canal.  This  nerve  contains  not  only  motor  filaments  from  the  facial, 
but  sensory,  which  possibly  are  recurrent  from  the  fifth  to  the  facial. 

The  branches  of  Meckel's  ganglion  are  threefold.  I.  Spheno-palatine, 
ten  to  twelve  nerves  which  arise  in  a  cluster  from  the  inner  side  of  the 
ganglion  and  pass  directly  inwards  through  the  spheno-palatine  foramen  into 
the  nose.  Here  they  at  once  separate  into  four  series,  (i)  NaSO-palatine, 
two  small  branches  which  separate  from  the  rest  of  the  spheno-palatine  on 
entering  the  foramen,  cross  the  roof  of  the  nose  below  the  spheno-turbinal  to 
the  septum,  and  descend  thereupon  obliquely  forwards,  supplying  the  mucosa, 
sending  a  branch  backwards  to  the  pharyngeal  end  of  the  septum,  a  minute 
branch  forwards  to  the  mucosa  of  the  Jacobsonian  organ,  and  a  terminal 
branch  through  the  anterior  palatine  foramen  to  form  in  the  canal  of  Scarpa  a 
looped  communication  with  the  nerve  of  the  opposite  side  and  the  superior 
palatine.  The  thickened  connective  tissue  around  this  nerve  constitutes  the 
pseudo-ganglion  of  Oloquet. 

(2)  Superior  anterior  spheno-palatine  nerves  pass  inwards  through 

the  spheno-palatine  foramen,  and  are  distributed  to  the  mucosa  of  the  superior 
and  middle  meatuses. 

(3)  Ethmoidal  branches  supply  most  of  the  lateral  ethmoidal  cells, 
entering  through  minute  holes  in  the  bone. 

(4)  Pharyngeal  branches  pass  in  minute  canals — (a.)  between  the  vaginal 
process  and  the  basi-sphenoid,  (b.)  between  the  vaginal  process  and  vomer,  and 
(c.)  through  the  pterygo-pharyngeal  canal.  They  are  distributed  to  the  mucosa 
of  the  naso-pharyngeal  region. 

II.  The  three  palatine  branches  pass  downwards  vertically  through  the 
posterior  palatine  canal  and  the  two  neighbouring  accessory  canals.  These 
nerves  for  the  most  part  pass  through  the  ganglion  and  are  not  derived  from  it. 
Through  the  posterior  palatine  canal  descends  the  great  palatine  nerve,  which 
escapes  below  internal  to  the  alveolar  arch,  and  breaks  up  into  three  or  four 
large  twigs  in  the  deep  layer  of  the  palatine  mucosa.  These  nerves  groove  the 
bone,  and  end  in  supplying  the  palate  and  gums.  Ascending  nasal  branches 
turn  upwards  through  the  anterior  palatine  canal  to  communicate  with  the  naso- 
palatine. Inferior  internal  nasal  branches  pass  directly  from  the  trunk  nerve 
through  the  vertical  plate  of  the  palatine  bone  to  the  mucosa  of  the  inferior 
turbinated  bone. 

The  posterior  accessory  palatine  nerve  descends  through  the  canal  of 
that  name,  and  supplies  the  soft  palate  and  the  posterior  pillar  of  the  fauces. 
The  lateral  accessory  nerve,  still  smaller,  escapes  below  from  its  canal, 
and  is  distributed  to  the  vicinity  of  the  tonsil. 

III.  Orbital  branches  are  two  very  fine  threads  which  enter  the  orbit 
through  the  inner  and  hinder  extremity  of  the  spheno-maxillary  fissure. 
Passing  forwards  on  the  inner  wall  of  the  orbit,  they  pierce  the  ethmoid  either 
at  the  posterior  ethmoidal  hole  or  by  special  openings,  and  are  distributed  to 
the  palato-ethmoidal  and  spheno-ethmoidal  cells,  and  to  the  sphenoidal  sinus. 
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534.  THE  INFERIOR  MAXILLARY  NERVE  (p.  597)  is  the  largest  branch 
of  the  Gasserian  ganglion,  and  carries  with  it  all  the  motor  portion  of  the  fifth 
nerve,  which,  in  the  cranial  stage,  underlies  the  sensory,  and  can  be  easily- 
separated  from  it.  As  it  passes  outwards  and  downwards  through  the  fora- 
men ovale,  the  motor  and  sensory  fibres  can  now  be  seen  becoming  more  or 
less  intermixed  in  a  plexiform  manner  (plexus  of  Santorini),  and  the  two  sets 
of  nerves  arising  therefrom  consequently  present  some  degree  of  mixture. 

535.  THE  EYE. — The  structure  of  the  eyeball  can  only  be  made  out 
when  the  part  is  quite  fresh,  and,  as  many  of  the  points  of  structure  are  not 
widely  dissimilar  from  those  of  the  eye  of  the  ox  or  sheep,  the  student  should 


Fig.  726.— Sagittal  vertical  section  through  the  right  eyeball— a,  cornea  ;  b,  conjunctiva  ;  c, 
sclerotic ;  d,  anterior  chamber  containing  aqueous  humour  ;  e,  iris  ;  /,  pupil ;  g,  posterior 
chamber ;  I,  Petit's  canal ;  j,  ciliary  muscle ;  k,  junction  of  sclerotic  and  cornea  ;  i, 
canal  of  Schlemm ;  m,  choroid ;  n,  retina ;  0,  vitreous  humour ;  No,  optic  nerve ;  q, 
nerve  sheath;  p,  nerve  fibres;  Ic,  lamina  cribrosa  ;  0,  A,  optical  axis;  S,  r,  visual 
axis  ;  r,  position  of  fovea  centralis. 

procure   several  of  these  first  and  examine    them,    subsequently  making   his 
knowledge  definite  by  examining  the  fresh  human  eye. 

Dissection  is  best  carried  on  by  having  the  eye  fastened  to  a  cork  plate  sunk 
by  leads  in  a  basin  filled  with  normal  salt  solution. 
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The  human  eyeball  is  not  quite  spherical.  The  hinder  five-sixths  form  a 
segment  of  a  spheroid  with  a  radius  of  12-05  mm.,  but  a  shallow  circular  sulcus, 
not  far  from  the  anterior  pole,  isolates  an  anterior  bulging  area  which  is  a 
segment  of  a  smaller  sphere  with  a  radius  of  77  mm.  This  latter  corresponds 
to  the  transparent  cornea. 

There  are  individual  variations  in  the  size  of  the  eyeball;  usually  the  inner 
half  of  the  ball  is  less  than  the  outer.  For  descriptive  purposes  the  extremities 
of  the  sagittal  axis  are  spoken  of  as  the  poles  of  the  eye,  while  the  circle  which 
divides  the  eye  coronally  into  fore  and  hind  halves  is  called  the  equator  oculi. 


Fig.  727. — Sagittal  section  through  the  junction  of  the  sclerotic  with  the  cornea  and  iris — 
a,  conjunctival  epithelium  or  cornea  ;  b,  anterior  elastic  layer  of  Bowman  ;  c,  corpuscles 
in  the  cornea  proper  (included  between  b  and  d) ;  I,  layers  of  cornea  ;  d,  posterior  elastic 
corneal  layer  of  Descemet ;  e,  posterior  epithelium  ;  /,  junction  of  cornea  and  sclerotic  ; 
g,  limbus  or  border  where  the  corneal  and  sclerotic  conjunctivas  join ;  h,  subepithelial 
layer  of  conjunctiva;  i,  canal  of  Schlemm  ;  k,  venous  plexus  of  Leber;  m,  meshes  in  the 
ligamentum  pectinatum  iridis ;  n,  attachment  of  the  iris  ;  o,  longitudinal  fibres  of 
sclerotic  ;  p,  circular  fibres  divided ;  q,  perichoroidal  space ;  s,  radiating  fibres  of  the 
ciliary  muscle ;  t,  circular  fibres  of  the  ciliary  muscle  cut  through ;  u,  lumen  of  cut  ciliary 
artery ;  v,  epithelial  layer  of  iris  ;  w,  iris  ;  x,  pigmentary  layer  ;  s,  a  ciliary  process. 

The  sagittal  axes  are  distinguished  into  external  and  internal,  the  latter  being 
the  distance  from  the  back  of  the  cornea  to  the  front  of  the  retina,  while  the 
former  is  that  from  the  front  of  the  cornea  to  the  back  of  the  sclerotic.  The 
external  axis  averages  24-27  mm.,  the  inner  21*74  mm.  The  coronal  axis 
averages  24-25,  and  the  vertical  2y6$.  The  body  of  the  eye  is,  therefore, 
ellipsoidal.  The  optic  nerve  enters  the  eyeball  about  3  mm.  inward  from  the 
axis.  The  eyeball  averages  7*2  grammes  in  weight,  and  is  a  little  over  6  ccm. 
in  volume,  with  a  specific  gravity  of  1-025. 
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The  eye  at  birth  has  a  sagittal  axis  of  17 "5,  and  is  nearly  globular;  at  the 
end  of  the  second  year  it  has  grown  to  19/5  mm.,  and  at  puberty  to  21.  It 
rapidly  assumes  its  adult  size  after  puberty.  The  female  eye  is  usually  about 
23-9  in  sagittal  diameter,  and  is  a  little  less  vertically  flattened  than  the  male, 
The  two  eyes  are  rarely  symmetrical  in  position  and  size,  but  there  is  not  much 
range  of  variety  in  the  size  of  adult  eyes.  Apparently  large  eyes  differ  from 
those  which  seem  small  rather  in  prominence  than  in  actual  size. 

The  eyeball  consists  of  three  composite  layers  concentrically  disposed,  an 
outer  or  fibrous,  a  middle  or  vascular,  and  an  inner  or  nervous.  Within  these 
are  three  contained  transparent  media,  the  vitreous  body  (fig.  726,  0,  0)  behind, 
the  crystalline  lens  intermediately  (ib.,  h),  and  the  aqueous  humour  in  front 
(ib.,  d). 

The  fibrous  coat  consists  of  two  parts,  the  posterior  |-th  or  sclerotic  (ib.,j) 
is  white,  opaque,  and  receives  the  insertion  of  the  recti  muscles  (s,  i).  It  is 
thickest  ai-ound  the  optic  nerve  (i*i  mm.),  but  becomes  thin  as  it  is  continued 


Fig.  72S.—  Cornea  of  frog  stained  with  gold 
chloride,  showing  the  corneal  corpuscles 
stained,  also  a  few  nerve  fibres. 


Fig.  729. — Cornea  treated  with  silver 
nitrate,  showing  the  ground  substance 
stained  and  the  spaces  of  the  cells  left 
unstained. 


forwards,  being  0-3  under  the  recti ;  it  becomes,  however,  again  thickened  at 
the  insertion  of  the  recti  tendons  (o*6).  It  consists  of  a  felted  web  of  white 
fibrous  tissue  obscurely  laminated,  the  fibres  crossing  each  other  at  right 
angles ;  some  of  these  sagittal  bundles  are  continuations  of  the  recti  tendons ; 
some,  of  the  tendons  of  the  obliques. 

Elastic  fibres  are  mixed  sparingly  with  the  superficial,  much  more  with  the 
deep  layers  of  fibres  in  the  sclerotic. 

The  sclerotic  has  few  vessels,  no  true  lymphatic  vessels,  and  a  few  fine 
nerve  filaments  from  the  ciliaries. 

Posteriorly  the  sclerotic  is  pierced  by  a  funnel-shaped  opening  for  the 
optic  nerve,  and  by  small  holes  for  the  ciliary  arteries  and  nerves. 

Anteriorly  the  fibres  of  the  sclerotic  change  in  structure  when  they  reach 
the  boundary  line  (i),  and  are  here  traversed  by  a  circular  canal  presenting 
diverticula  and  receiving  vessels  containing  venous  blood,  the  canal  of  Schlemm. 

The  cornea  is  transparent  and  distinctly  laminated,  each  lamella  consisting 
of  interlacing  and  decussating  connective  bundles  united  by  a  firm  ground 
substance.     Between  these  lamella?  are  clear-edged   stellate  spaces  containing 
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Fig.  730. — Vertical  section  of  cornea  stained  with  gold 
chloride — 11,  nerve  ;  a,  its  perforating  branch  ;  r,  nucleus; 
p,  b,  inter-epithelial  endings  of  nerve  fibrils  ;  «?,  anterior 
elastic  lamina. 


branched  connective  cells,  whose  processes  communicate  with  those  of  other 
cells,  forming  thus  a  regular  network.  The  lamella?  become  more  homogeneous 
towards  the  surface  where  it  is  overlaid  by  a  structureless  basement  mem- 
brane, the  anterior  elastic  lamina  of  Bowman,  invested  by  the  6-8  layers 
of  epithelial  cells  of  the  conjunctival  epithelium,  whose  proper  basement  has  here 

vanished.    The  deepest  of 
'•l  these  layers  is  columnar; 

the  intermediate,  poly- 
hedral ;  the  superficial, 
flattened.  The  deep  layer 
of  the  laminated  cornea 
is  in  contact  with  a  clear 
transparent  lamina,  the 

membrane  of  Desce- 

met,  thinner  centrally 
than  marginally  (6  fi- 
1  o  [m),  which  is  lined  within 
by  a  layer  of  flat  poly- 
gonal endothelial  cells. 

The  change  of  sclerotic 
into  cornea  begins  first  in 
the  deep  fibres,  especially 
at  the  upper  and  lower 
edges;  hence,  though  the 
corneal  margin  appears  nearly  circular,  as  seen  in  front,  it  is  vertically 
elliptical,  as  seen  from  within ;  and  in  section  the  sclerotic  seems  to  overlap 
the  cornea  as  the  bezel  overlaps  the  glass  in  a  watch.  At  its  edge  the  cornea 
is   1*12  mm.  thick,  centrally  it  is   '9;  and  so,  while  its  anterior  surface  is  a 

segment  of  a  sphere  of  7-7  radius, 
its  posterior  is  a  segment  of 
one  of  67.  The  horizontal  dia- 
meter of  the  cornea  averages 
1 1  "5;  the  vertical,  11.  The 
dome  of  the  cornea  projects  at 
the  anterior  pole  2-6  mm.  from 
the  plane  of  the  corneal  border. 
The  superficial  corneal 
lamella?  contain  small  cells  and 
a  few  fine  interlacing  filaments. 
The  deeper  layers  are  quite 
independent,  and  the  whole 
cornea  is  traversed  by  inter- 
fascicular and  interlaminar 
lymph  spaces. 

The  membrane  of  Descemet 
is  cuticular  and  structureless, 
about  -oo8  thick.  The  refrac- 
tive index  of  the  cornea  is 
1-3825. 

The  foetal  cornea  is  traversed 
by  centripetal  looped  vessels, 
except  in  the  middle.  These  disappear  in  the  adult,  except  a  few  peripheral 
loops,  which  remain  joined  to  the  vessels  of  the  conjunctiva.  About  forty- 
five  medullated  nerve  trunks  enter  the  circumference  of  the  conjunctiva,  and 
form  in  it  a  non-medullated  nerve  plexus,  from  which  filaments  pass  to  end 
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Fig.   731. — Nerve  plexus  in  cornea  stained  by  gold 
chloride — n,  nerve  ;  a,  its  fibrils. 
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in  the  epithelial  cells.  In  old  age  a  fatty  circle  round  the  corneal  border 
forms  the  arcus  senilis. 

Divide  the  sclerotic  all  round  with  a  sharp-pointed  pair  of  scissors  a  little 
in  front  of  the  insertion  of  the  recti,  and  also  a  little  in  front  of  the  entrance  of 
the  optic  nerve ;  by  slitting  the  ring  thus  isolated  it  can  be  removed,  showing 
the  second  or  vascular  layer,  with  which  the  pigmentary  layer,  originally  a  part 
of  the  nervous  lamella,  has  become  incorporated  in  the  adult.  These,  taken 
together,  make  up  the  choroid  COat  in  the  posterior  sphere  of  the  eye.  The 
large  lymph  space  which  intervenes  between  the  sclerotic  and  choroid  is  tra- 
versed by  a  loose  meshwork  of  fine  connective  fibres,  which  collectively  are  called 
the  suprachoroid  membrane,  in  which  stellate  pigment  cells  are  scattered. 

The  continuation  of  the  choroid  forwards  is  separated  from  the  back  of  the 
cornea  by  a  space  full  of  fluid,  the  anterior  chamber,  and  is  called  the  iris. 
It  is  centrally  perforated  by  a  hole,  the  pupil.  The  part  of  the  vascular  mem- 
brane joining  together  the  iris  and  the  choroid  is  thickened  and   called   the 

ciliary  body. 

The  choroid  consists  of  three  layers.  The  outermost  contains  large  plexuses 
of  veins ;  the  second  (chorio-capillaris)  contains  an  abundant  network  of  capil- 
laries, under  which  the 
thin  lamina  vitrea  separ- 
ates it  from  the  pigmen- 
tary layer. 

The  choroid  is  inter- 
rnpted  at  the  entrance 
of  the  optic  nerve.  In 
colour  it  is  dark  brown, 
and  in  thickness  -o8  mm. 
The  tissue  which  ties  the 
vessels  together  is  a  soft 
lamellated  connective 
tissue  with  fine  elastic 
fibres  and  many  pigment 
cells  in  the  outer  layer. 
The  interstitial  tissue  of 
the  chorio-capillaris  is 
homogeneous. 

The  ai'teries  entering 
the  choroid  are — (1)  an- 
terior ciliaries,  derived 
from  the  muscular  ar- 
teries entering  anteriorly 


sclerotic. 


— -   ~ suprachoroid. 


Fig.  732. — Vertical  section  of  choroid 

veins  cut  through  ;  p,  pigment  cells  ;  c,  capillaries  cut 


layer  of  large 
vessels. 


limiting  layer, 
chorio-capillaris. 
hyaline  membrane, 
pigment  epithelium. 

rj,  large  vessels  usually 


through  the  sclerotic;  (2)  the  long  ciliaries,  entering  not  far  from  the  optic 
nerve ;  and  (3)  the  short  posterior  ciliaries,  entering  around  the  optic  nerve. 
These  pass  into  the  chorio-capillaris,  there  forming  the  close-meshed  capillary 
plexus.  The  branches  of  the  third  set  supply  the  most  of  the  choroid ;  those 
of  the  second  chiefly  run  forwards  and  form  arterial  loops  in  the  ciliary  body; 
those  of  the  first  set  uniting  with  those  in  the  orbicular  region  of  the  ciliary 
body  pass  forwards  into  the  iris,  forming  around  its  attached  border  a  circulus 
arteriosus  iridis  major,  from  which  radial  branches  form  a  long-meshed  plexus 
in  the  iris,  uniting  around  the  pupil  in  a  circulus  arteriosus  minor.  The  veins 
begin  in  obscure  stellate  plexuses,  which  unite  and  form  a  large  vorticose 
series,  the  venae  vorticosae  in  the  outer  layer  surrounded  by  large  perivascular 
canals.  These  vortices  of  veins  anastomose  with  each  other,  and  from  these 
escape  anterior  and  posterior  choroid  veins,  which  are  united  with  the  radicles 
of  the  ophthalmic  vein. 
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To  see  the  ciliary  body,  cut  through  the  sclerotic  by  two  meridional  incisions 
forwards  towards  the  corneal  edge,  and  reflect  it  forwards.  Cut  also  a  flap  of 
choroid  and  thi-ow  it  forwards.  Seen  from  within  (fig.  735)  the  choroid  of  this 
region  presents  three  zones  from  behind  forwards  ;  in  the  first  it  is  radially  folded 
anteriorly  (orbiculus  ciliaris).     This  zone  begins  at  a  serrated  line  (ora  serrata). 

These  folds  are  very  numerous,  and  as 
they  are  traced  forwards  they  unite 
into  about  seventy  strong  processes, 
forming  the  second  zone  of  the  ciliary 
processes,  whose  prominent  free  borders 
project  antei'iorly  towards  the  cry- 
stalline lens,  around  which  they  form 
a  prominent  ring,  the  ciliary  body 
proper.  Some  of  the  folds  of  the  orbi- 
culus are  continued  between  the  ciliary 
processes.  In  all  these  folds  of  the 
orbiculus  the  vessels  are  meridionally 
disposed,  but  they  become  plexiform 
in  the  ciliary  processes,  into  which  the 
vitreous  lamella  is  continued,  although 
the  chorio-capillaris  is  not. 

The  ciliary  processes  are  2*5  mm. 
long,  meridionally  each  about  o-i2 
broad  and  nearly  1  mm.  high.  They 
converge  forwards  and  their  prominent 
front  border  surrounds  the  iris.  Each 
has  a  root  and  a  ridge ;  the  latter 
presents  two  slopes — the  long  rising 
slope,  which  stretches  back  to  the  orbi- 
culus, and  a  short  anterior,  directed  to- 
wards the  posterior  chamber  of  the  eye. 
The  third  zone  is  that  of  the  ciliary 
muscle.  Externally  from  the  junction 
of  the  sclerotic  and  cornea  smooth 
muscular  fibres  arise,  which  stream 
backwards  into  the  ciliary  processes, 
and  even  to  the  orbiculus.  These  con- 
stitute the  radial  ciliary  muscle  (per- 
haps the  representative  of  Orampton's 
muscle),  which  consists  of  an  outer 
meridional  stratum  and  an  underlying 
reticular  layer  (Brucke's  muscle).  Be- 
neath these,  at  the  base  of  the  ciliary 
processes,  are  circular  fibres  (Midler's 
muscle),  which  in  front  form  a  thick 
zone,  but  under  the  radial  these  become 
thin  as  they  extend  backwards,  even  to 
the  orbiculus. 

A  nerve  plexus,  with  small  knots 
of  ganglion  cells,  overlies  these  ciliary  muscles,  sending  branches  thereto  and 
along  the  vessels,  on  which  are  also  small  clusters  of  ganglion  cells. 

The  iris  is  the  circular  curtain  pierced  medially  by  a  round  hole,  the  pupil, 
which  hangs  freely  in  front  of  the  ciliary  processes  and  in  front  of  the 
crystalline  lens.  It  is  separated  from  the  back  of  the  cornea  by  the  aqueous 
humour.     It  is  shown  by  carefully   cutting  away  the  cornea  with  a  sharp- 
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Fig.  733. — Diagram  of  the  blood-vessels  of 
the  eye  in  horizontal  section  ;  the  arteries 
are  represented  by  double  contoured  lines, 
the  veins  by  black  lines — a,  short  ciliaries  ; 
ft,  long  ciliary  ;  c,  anterior  ciliary  artery  ; 
d,  conjunctival  vessels  ;  e,  arteria  centralis 
retina? ;  f,  blood-vessels  of  inner  optic 
sheath ;  g.  blood-vessels  of  outer  optic 
sheath ;  h,  vorticose  vein ;  i,  posterior 
short  ciliary  vein ;  k,  branch  of  post, 
short  ciliary  artery  to  optic  nerve ;  I, 
anastomosis  of  choroidal  and  optic  branches; 
in,  chorio-capillaris  ;  n,  episcleral  branches; 
o,  recurrent  choroid  artery ;  p,  circular 
artery  of  iris ;  r,  ciliary  process  ;  s,  vorti- 
cose vein  ;  t,  branch  of  anterior  ciliary  vein 
to  ciliary  muscle  ;  u,  circular  vein ;  v, 
marginal  loops  of  corneal  nerves  ;  to,  anterior 
conjunctival  vessels. 
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pointed  pair  of  scissors.  On  doing  this  the  aqueous  humour  escapes,  a  watery 
fluid,  of  which  there  is  about  0*25  grammes,  chiefly  contained  between  the 
iris  and  cornea  in  the  anterior  chamber.  It  contains  traces  of  albumen  and 
glycogen.  _ 

Posteriorly  between  the  iris  and  the  lens  there  is  a  small  marginal  space,  the 
posterior  chamber,  but  medially  the  iris  rests  on  the  front  of  the  lens. 

The  iris  has  an  attached  or  ciliary  edge  and  a  free  or  pupillary.  It  has  a 
hinder  radially  furrowed  surface,  the  uvea,  which  is  dark  brown,  and  an 
anterior,  visible  through  the  cornea,  and  generally  uneven,  except  for  a  small 
smooth  zone  around  the  pupil,  into  which  the  radial  folds  which  mark  the  uvea 
are  continuous  round  the  pupillary  edge.  These  folds  are  of  two  kinds — 
structural  folds,  which  are  permanent,  and  folds  due  to  contraction,  which 
vary.     The  apparent  colour  of  the  iris,  brown  or  blue,  which  gives  the  "colour" 


Fig.  734. — Anterior  quadrant  of  a  horizontal  section  of  the  eyeball  through  the  cornea  and 
border  of  the  lens — a,  cornea  proper  ;  b,  anterior  elastic  lamina  ;  c,  conjunctival  layer  ; 
d,  posterior  elastic  layer  ;  e,  endothelium  ;  f,  sclerotic  conjunctiva  ;  g,  sclerotic ;  h,  iris  ; 
i,  sphincter  iridis;  j,  ligamentum  pectinatum  iridis;  k,  canal  of  Schlemm;  I,  longitudinal 
fibres  of  ciliary  muscle ;  m,  circular  fibres  of  ciliary  muscle  ;  n,  ciliary  process  ;  0, 
ciliary  part  of  retina ;  p,  posterior  layer  of  hyaloid  membrane ;  q,  canal  of  Petit ;  r, 
anterior  layer  of  capsule  of  lens  ;  s,  posterior  layer  of  ditto  ;  t,  choroid  ;  u,  perichoroidal 
space ;  T,  pigment  epithelium  of  iris ;  x,  margin  of  lens ;  Z,  zonula  of  Zinn. 

to  the  eye,  depends  on  the  pigment  of  the  uvea,  which  is  contained  in  simple  or 
branched  pigment  cells,  and  which  looks  blue  or  grey  according  as  its  aspect  is 
modified  by  the  interference  effect  of  the  tissues  of  the  iris.  The  pigment 
usually  extends  into  the  pupillary  zone  defining  its  border. 

The  iris  diminishes  in  thickness  to  the  pupillary  edge,  but  not  uniformly. 
In  structure  it  is  only  a  special  case  of  the  structure  of  the  ciliary  body,  rich  in 
blood-vessels  and  girt  with  a  sphincter  muscle. 

The  pigment  cells  are  grouped  in  irregular  masses,  and  shine  through.  In 
the  foetus  they  were  covered  by  a  continuous  layer  of  flat  cells,  but  these  break 
up  as  the  eye  grows,  and  only  appear  in  patches,  except  around  the  ciliary 
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edge.  On  the  hinder  surface  of  the  connective  stroma  of  the  iris  there  is  a 
posterior  boundary  layer  of  radially  fibrillated  membrane,  which,  however,  is 
non-muscular,  and  is  only  covered  by  a  bilaminar  endothelium,  whose  anterior 
layer  is  of  spindle  cells,  its  posterior  of  cubical. 

The  sphincter  pupillse  consist  of  smooth  circular  muscle  bundles,  making  a 
zone  '6  mm.  broad,  thickened  at  its  outer  border  and  supplied  through  the 
ciliarv  nerves  from  the  ciliary  ganglion  with  fibres  from  the  third  nerve.     A 

very  thin  layer  of  radial  fibre  cells  lies  in  front 
of  the  boundary  layer  in  some  animals,  but  are 
not  demonstrable  in  man.  They  are  inserted 
into  the  sphincter  and  form  the  dilator  pupillse. 
These  are  supplied  by  sympathetic  filaments, 
possibly  inhibitory. 

Ligamentum  pectinatum  iridis. — From 

the  periphery  of  the  iris  a  network  of  irregu- 
larly disposed  fibres  passes  forwards,  becoming 
anteriorly  connected  round  the  corneal  margin 
with  the  membrane  of  Descemet.  Lymph  spaces 
traverse  this  network,  and  one  large  circular 
lymph  canal  is  enclosed  in  it,  the  canal  of  Fontana. 

By  contraction  of  the  iris  the  pupil  expands,  thereby  admitting  an  increased 
amount  of  light  into  the  eye.  By  expansion  of  the  iris  the  pupil  contracts,  and 
the  quantity  of  admitted  light  is  diminished. 

The  iris  morphologically  consists  of  two  parts — a  hinder  or  retinal  part, 
formed  of  the  secondary  optic  vesicle,  and  an  anterior  or  uveal  part,  truly 
choroid.  The  two  layers  of  epithelium,  spindle-shaped  and  pigmented,  represent 
respectively  the  inner  and  oxiter  layers  of  the  secondary  optic  vesicle,  while 
the  other  structures,  anterior  epithelial,  vascular  and  muscular  layers,  and  the 
vitreous  lamella  behind  constitute  the  choroidal  or  uveal  part  of  the  iris. 


ciliary 
processes, 
ora  serrata 
of  retina. 


Fig.  735. — Iris  seen  from  behind, 
showing  pupil  and  ciliary  pro- 
cesses. 


Fig.  736. — Diagram  of  section  through  anterior  chamber  and  lens,  showing  the  changes  which 
take  place  during  the  accommodation  of  the  eye  to  vision  at  different  distances.  The 
right  side  is  accommodated  for  a  near  object,  the  left  side  is  in  the  normal,  neutral  posi- 
tion— A  B,  lens;  C,  cornea;  S,  sclerotic;  C'S,  Schlemm's  canal;  V  K,  anterior  chamber ; 
J,  iris  ;  P,  border  of  pupil;  V,  anterior  surface  of  lens  ;  H,  posterior  surface  of  lens;  E, 
margin  of  lens  ;  F,  margin  of  the  ciliary  processes  ;  ZX,  thickness  of  lens  when  accom- 
modated for  a  near  object ;  Z  Y,  thickness  in  the  passive  condition  of  eyeball. 

The  retina  is  best  shown  by  dividing  the  choroid  around  the  equator  and 
reflecting  it  forwards  and  backwards.  It  is  formed  by  the  walls  of  the 
secondary  optic  vesicle,  and  consists,  therefore,  of  an  inner  and  an  outer  layer. 
The  outer  is  modified  into  a  layer  of  pigment  cells,  the  tapetum,  and  is  so 
closely  connected  to  the  choroid  as  to  appear  like  an  inner  layer  of  that  mem- 
brane.    The  tapetum  consists  of  a  single  layer  of  hexagonal,  densely  pigmented 
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cells,  flattened  towards  the  choroid,  irregular  towards  the  retina.  It  is  con- 
tinuous on  the  back  of  the  iris  as  far  as  the  pupillary  border,  but  here  it  is 
primitively  double. 
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Fig.  737. — Horizontal  section  through  the  optic  nerve  at  its  passage  through  the  sclerotic,"  x  25 
— a,  inner  layer  of  retina  ;  b,  outer  layer  of  retina  ;  c,  choroid  ;  d,  sclerotic  ;  e,  optic 
excavation  ;  f,  arteria  centralis  retina?  ;  rj,  its  division  ;  h,  lamina  cribrosa  ;  /,  sheath  of 
dura  mater;  m,  subdural  space;  n,  subarachnoid  space;  r,  arachnoid  sheath;  p,^pial 
sheath  ;  i,  nerve  fibres  ;  h,  connective  septa. 

The  inner  layer  or  retina  proper  consists  of  three  parts — (1)  the  functional 
retina  lining  the  deeper  part  of  the  eye  as  far  forward  as  the  OPbiCUlllS  ciliaris 
and  ending  in  front  in  an  uneven  margin,  the  OPa  SePFata  ;  (2)  the  paPS 
Ciliaris  (fig.  734)  corresponding  to  the  region  of  the  ciliary  processes;  (3)  the 
iridal  part,  which  is  rudimentary,  appearing  only  as  the 
second  layer  of  the  iridal  tapetum. 

The  pars  ciliaris  consists  of  a  row  of  columnar  cells 
which  diminish  in  height  from  about  50  (h  to  14  from 
behind  forwards,  and  with  irregular  borders  which  interlock 
with  each  other.  These  are  generalised  descendants  of  the 
cells  of  the  optic  vesicle. 

The  true  retina  consists  of  three  bets  of  elements  : — (1) 
The  nervous  mechanism  an  expansion  of  the  brain  ;  (2) 
the  neuro-epithelial  mechanism  which  directly  takes  cog- 
nisance of  the  vibrations  of  light ;  and  (3)  a  support  Fig.  738. — View  of 
apparatus  by  which  these  are  sustained.  It  varies  from  hinder  half  of  eye- 
■45  to  -14  mm.  in  thickness,  is  transparent  during  life,  but 
becomes  turbid  and  opalescent  after  death. 

The  optic  nerve  becomes  continuous  with  the  retina 
(fig.  737)  by  piercing  the  sclerotic,  which  at  this  spot  is 
broken  up  into  a  cribriform  plate  to  allow  of  the  entry  of  the  nerve  fibres. 
The  meshes  of  this  lamina  CPiDFOSa  are  in  eight  to  ten  strata  at  the  area 
of  entry  of  the  nerve.  The  diameter  of  the  perforated  lamina  is  17  mm., 
that  of  the  nerve  3  mm.,  the  difference  being  due  to  the  condensation  of  the 
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nerve  from  the  loss  of  sheath  and  endo-neurium  at  its  entry.  The  nerve  fibres 
in  like  manner  pierce  the  choroid  which  forms  the  inner  stratum  of  the 
lamina  cribrosa. 

The  region  of  entry  of  the  optic  nerve  appears  on  the  inner  surface  of  the 
retina  as  a  white  circular  spot  (fig.  738,  0),  the  optic  papilla,  in  whose  middle 
is  a  hollow,  the  optic  excavation  ;  here  the  arteria  centralis  retina?  enters, 
and  here  it  anastomoses  with  the  network  of  minute  vessels  which  cross  the 
nerve  accompanying  the  trabecular  of  the  cribriform  plate :  elsewhere  the  retinal 
and  choroid  vessels  have  few,  if  any,  anastomoses. 
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Fig.  739. — Vertical  section  of  human 
retina — a,  bacillary  layer  of  rods  and 
cones  ;  b,  external  limiting  layer ;  c, 
external  nuclear  layer ;  d,  granule ; 
e,  external  granular  layer  ;  f,  internal 
nuclear  layer ;  g,  internal  granular 
layer;  h,  blood-vessels  and  nerve-cells; 
i,  nerve-fibres;  j,  internal  limiting 
layer. 


Fig.  740. — Scheme  of  the  layers  of  the  retina — 
Pi,  hexagonal  pigment  cells  of  tapetum  layer ; 
St,  rods  and  cones ;  Le,  external  limiting 
membrane ;  auk,  outer  nuclear  layer ;  Sg, 
spaces  for  the  nerve  elements ;  augr,  external 
granular  layer ;  inK,  inner  nuclear  layer ; 
in.gr,  internal  granular  layer  ;  K,  nuclei ; 
Rh,  Rf,  fibres  of  Miiller :  O,  fibres  of  optic 
nerve  ;  Li,  internal  limiting  layer. 


The  nerve  elements  of  the  i-etina  (fig.  739)  are  on  its  internal  surface,  and 
consist  of  (1)  fibres  of  the  optic  nerve;  these  are  pale,  delicate  fibres  which  form 
the  papilla  and  constitute  a  thick  layer  around  this,  thinning  to  the  periphery. 

(2)  Internal  to  the  nerve  fibres  is  a  layer  of  ganglion  cells,  large,  multipolar, 
and,  for  the  most  part,  in  one  layer.  They  are  embedded  in  an  abundant 
intercellular  tissue,  and  become  a  little  interrupted  towards  the  ora  serrata, 
where  they  gradually  fade  out. 
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(3)  Outside  this  layer  is  the  inner  reticular  layer  made  up  of  the  interlace- 
ment of  the  protoplasmic  processes  of  the  ganglion  cells  in  a  finely  granular 
matrix.     This  neuro-spongium  unites  the  last  to — 

(4)  The  inner  nuclear  layer.  This  is  a  lamina  of  stratified  or  spindle-shaped 
bipolar  nerve  cells,  united  by  their  inner  processes  to  the  protoplasm  processes 
of  the  large  nerve  cells  of  the  second  layer,  and  which  by  their  outer  processes 
are  continuous  into — 

(5)  The  outer  reticular  layer,  a  narrow,  subepithelial  lamina  resembling  the 
third, and  containing  a  few  branched  cells  which  may  belong  to  the  support  tissues. 

The  neuro-epithelial  elements  are — (6)  The  basal  cells  whose  outward  exten- 
sions are  the  rods  and  cones.  These  cells  are  arranged  in  various  strata  so  as 
to  fit  together,  and  each  is  in  the  course  of  a  fibre  continued  out  from  the  outer 
reticular  layer.  These  fibres  are  of  two  kinds — rod-fibres,  fine,  usually  varicose 
and  resembling  nerve  fibres  ;  and  cone-fibres,  which  are  thicker,  swollen  at  their 
bases.  The  nuclei  on  the  rod-fibres  are  elliptical,  and  are  stratified  into 
alternate  clear  and  dark  lamina?,  hence  they  seem  transversely  striped,  a  dark 
spot  surrounded  by  a  clear  zone  appearing  at  each  pole. 

(7)  From  the  outer  surface  of  the  last  there  project  the  rods  and  cones  of  the 
outermost  or  bacillary  layer,  each  of  these  consist  of  two  elements,  outer  and 
inner.     The  inner  segments  of  the  rods  are  cylindrical,  60  ft,  long  and  2  /i  broad. 


Fig.  741.  — Section  of  retina  at  the  fovea  centralis — a,  cones;  h,  outer  limiting  layer;  c, 
external  granular  layer ;  d,  fibres  ;  e,  nuclear  layer ;  /,  nerve  cells ;  g,  inner  limiting 
layer. 

The  outer  are  cylindrical,  homogeneous,  and  regularly  disposed.  In  these  outer 
segments  of  the  rods  is  contained  a  peculiar  pigment,  acted  on  by  light  and 
appearing  purple  in  a  retina  kept  in  darkness. 

The  inner  joints  of  the  cones  are  conical,  set  on  the  outer  side  of  the 
nucleated  cone-fibres  of  the  sixth  layer.  The  outer  joints  are  short,  slender, 
and  pointed  cones  in  general,  are  more  sparsely  diffused  than  rods,  except  in 
one  region ;  but  there  are  about  three  millions  and  a  half  of  them  in  the 
retina,  together  with  about  fifty  millions  of  rods. 

The  supporting  tissues  consist  of  radial  Miillerian  fibres  of  neuro-keratin, 
these  are  conically  expanded  internally  around  the  bases  of  the  cones,  uniting  in 
and  internal  to  the  first  layer,  so  as  to  form  by  the  contiguity  of  their  margins 
an  internal  limiting  layer,  not  a  continuous  membrane.  The  fibres  are  united, 
external  to  these  cones  in  a  dense  network  which  supports  the  protoplasm  cell- 
processes  in  the  inner  reticular  layer,  and  which  makes  the  neuro-spongium  of 
this  lamella.  Masses  of  this  material  project  into  the  nuclear  layer,  making 
the  spongioblasts  between  the  ganglion  cells;  and  the  Miillerian  fibres  in  this 
layer  are  thick,  irregular  and  nucleated,  moulded  to  the  outside  of  the  ganglion 
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cells.  Beyond  this  the  fibres  again  break  up  into  a  network,  the  basis  of  the 
outer  reticular  layer,  beyond  which  the  continuation  of  the  fibres  are  similarly 
irregular  to  support  the  basal  cells  of  the  rods  and  cones,  and  by  their  unions 
beneath  the  inner  segments  of  these  they  form  the  external  limiting  membrane, 
which  is  consequently  a  network  pierced  by  these  processes.  The  outer  ends 
of  the  rods  and  cones  are  sunk  into  pits  in  the  inner  surfaces  of  the  pigment 
cells  of  the  tapetuni,  whose  fine,  semifluid  protoplasm  processes  project  into 
the  intervals  between  these. 

External  to  the  papilla  is  an  oval  yellow  spot,  whose  diameter  is  2  mm.,  and 
whose  centre  is  4  mm.  from  the  middle  of  the  papilla.  The  centre  of  the 
yellow  spot  is  depressed  into  a  fovea  centralis  0-3  mm.  in  diameter,  the  thinnest 
part  of  the  functional  retina  and  the  most  transparent.  This  fovea  is  78  mm. 
below  the  horizon  of  the  middle  of  the  pupil  and  approximately  at  the  hinder 
pole  of  the  sagittal  axis  of  the  eye.  From  its  transparency  its  yellow  colour  is 
not  perceptible  during  life.     This  macula  lutea  is  in  the  line  of  the  primitive 

fissure  of  the  secondary  optic  vesi- 
cle, and  consequently  the  fibres  of 
the  optic  nerve  arch  round  it,  few 
passing  beneath  it.  The  ganglion 
cell  layer  becomes  bilaminar  around 
the  spot,  and  in  the  centre  consist 
of  from  eight  to  nine  layers.  Around 
the  yellow  spot  cones  become  num- 
erous, each  with  a  circlet  of  rods, 
but  on  the  spot  itself  there  are  no 
rods,  only  cones  of  two  sizes,  larger 
and  smaller.  The  limiting  mem- 
branes are  likewise  deficient  at  the 
yellow  spot.  No  bacillary  layer 
covers  the  optic  papilla,  hence  this 
spot  is  blind.  The  retinal  vessels 
are  derived  from  the  arteria  cen- 
tralis, only  anastomosing  with  the 
choroidal  at  the  lamina  cribrosa. 
No  vessels  extend  external  to  the 
outer  reticular  layer,  nor  into  the 
centre  of  the  fovea  centralis.  The 
branches  of  the  arteria  centralis  are 
arteria  nasalis,  superior  and  in- 
ferior ;  arteria  macularis,  superior 
and  inferior;  arteria  temporalis,  superior  and  inferior;  and  arteria  mediana, 
superior  and  inferior.  Their  distributions  are  shown  in  the  figure;  with  each 
artery  there  is  a  vein. 

The  retina  is  extended  over  the  vitreous  body,  a  spheroidal  mass  of  gelatin- 
ous, connective  tissue  enclosed  in  a  delicate  hyaloid  membrane,  which  retains 
traces  of  the  original  form  elements,  but  these  have  quite  disappeared  from  the 
central  mass.  The  only  traces  of  organisation  usually  remaining  in  the  adult  are 
a  few  lamella?  which  dip  into  the  mass  from  the  hyaloid  membrane.  In  the  foetus 
the  branches  of  the  arteria  centralis  entered  it,  but  in  the  course  of  its  specialisa- 
tion these  divide  into  two  groups,  a  peripheral,  which  become  laterally  displaced 
and  finally  are  distributed  to  and  lie  on  the  surface  of  the  retina ;  and  a  central 
arteria  hyaloidea,  which  passes  forwards  to  the  membrana  capsularis  at  the 
back  of  the  crystalline  lens.  This  also  disapjjears  before  birth,  its  canal,  the 
canal  of  Cloquet,  alone  remaining. 

The  vitreous  humour  measures  22  mm.  along  its  longest  (diagonal)  diameter, 


Fig.  742. — Fundus  of  eye  as  seen  with  the  ophthal- 
moscope—a, ring  of  connective  tissue ;  b, 
choroidal  ring ;  c,  arteries ;  d,  veins ;  g,  branches 
of  the  central  artery ;  h,  branches  of  the  central 
vein ;  L,  lamina  cribrosa  ;  n,  nasal  or  inner 
side  ;  t,  temporal  or  outer  side. 
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Fig.  743. — Diagram  of  course  of 
fibres  of  crystalline  lens,  di- 
verging from  the  anterior 
radial  lines  (r)  to  the  posterior 
(dotted)  radial  lines. 


and  10  along  its  anteroposterior  axis,  which  form  the  hinder  half  of  the  optic 
axis  ;  it  is  6-6  grms.  in  weight,  and  has  a  refractive  index  of  i"3344.  Anteriorly, 
it  is  depressed  into  a  concavity  (fossa  patellaris)  wherein  lies  the  lens, 
meridionally  around  this  it  is  radially  folded  and 
striated  to  mould  itself  upon  the  ciliary  processes, 
the  coronet  of  rays  forming  the  zonula  ciliaPiS. 
The  hyaloid  membrane  of  the  zonula  is  con- 
tinuous with  the  front  border  of  the  capsule  of 
the  crystalline  lens,  and  this  part  is  rather  firm, 
presenting  a  series  of  radiating  fibres  called  the 
suspensory  ligament  of  the  lens.  The  interspaces 
between  these  fibres  during  life  are  filled  with 
a  semifluid  forward  extension  of  the  vitreous 
humour,  and  when  emptied  they  constitute  around 
the  mai'gin  of  the  lens  a  circular  space,  said  to 
be  irregularly  triangular  in  section,  the  canal 
Of  Petit.  Its  calibre  varies,  when  it  is  distended, 
with  the  shape  of  the  overlying  zonula.  Where 
that  rises  into  a  ridge,  it  is  widest ;  where  it  is 
depressed  by  the  ciliary  processes,  it  is  narrowed 
to  a  mere  slit.  This  moniliform  condition  can 
be  shown  better  by  gentle  inflation  with  a  blowpipe  than  by  coloured 
fluid  injection,  as  the  latter  can  escape  through  fine  gaps  in  the  anterior  wall, 
whereby  the  canal  communicates  with  the  posterior  chamber.  Petit's  canal, 
however,  is  lai'gely  an  artificial  product. 

The  hyaloid  membrane  is  in  contact  with 

the  internal  limiting  membrane,  but  belongs  not 
to  the  retina  but  to  the  connective  contents  of 
the  secondary  vesicle  :  close  beneath  it  are  scattered 
leucocytes,  rounded,  often  amoeboid  or  vacuolated  ; 
but  these  do  not  form  a  distinct  sub-hyaloid  layer. 
The  contained  matter  of  the  vitreous  body  consists 
of  97-8  per  cent,  of  water,  2  of  salts  and  soluble 
animal  matter,  and  o'2  of  organised  material.  This 
is  not  arranged  in  an}r  definite  network.  By  re- 
agents an  appearance  of  meridional  cleavage  or  of 
concentric  lamination  can  be  produced,  but  much 
of  these  seems  artificial.  The  only  true  stimctural 
appearances  to  be  found  are  the  central  canal  with 
its  funnel-like  dilatation  (area  Martegiana)  opposite 
the  optic  papilla.  Around  the  ora  serrata  very 
fine  connective  fibres  pass  from  the  ciliary  pro- 
cesses to  form  the  zonula.  It  is  an  extreme  case 
of  dropsical  mucous  tissue. 

The  zonula  is  about  6  mm.  broad,  and  inter- 
venes between  the  ora  serrata  and  the  edge  of 
the  lens.  It  consists  of  alternate  ridges  and 
hollows,  and  into  each  of  the  latter  a  receding 
pouch  of  the  postei'ior  chamber  is  continued  ;  but 
the  sides  of  these  grooves  are  inseparably  attached 
to  the  sides  of  the  hinder  long  slopes  of  the  ciliary  processes  except  at  the 
points  of  the  latter  which  are  free. 

The  crystalline  lens  is  the  most  important  refractive  medium  in  the  eye,  and 
lies  directly  behind  the  iris  ;  it  is  doubly  convex,  but  flatter  in  front,  and  lies  on 
the  fossa  patellaris  of  the  vitreous  body.     The  two  surfaces  meet  in  a  circular 


Fig.  744. — Section  of  the  head 
of  an  embryo  fowl  of  sixty- 
four  hours'  incubation— f.  b., 
fore-brain  ;  h.b.,  hind-brain  ; 
I,  outer  optic  vesicle  ;  o.  c,  in- 
ternal optic  vesicle  ;  v.c. , 
visceral  clefts  ;  ph,  pharynx ; 
olf,  olfactory  pit ;  nch,  noto- 
chord  ;  or. or,  aortic  arches  ; 
act,  anterior  cardinal  vein. 
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equator  (fig.  736).  The  lens  is  invested  by  a  clear  elastic  homogeneous  capsule, 
beneath  which  the  proper  substance  of  the  lens  consists  of  modified  epithelial 
cells,  those  of  the  front  being  short  and  cubical  lens-epithelium,  those  posteriorly 
beinf  elongated  into  fibres  which  are  flattened,  hexagonal  columns  arranged  in 
concentric  lamina?.  From  the  ciliary  processes  and  their  intervals  the  delicate 
radially  striated  connective  lamellae  of  the  zonula  ciliaris  passes  to  the  equator 
of  the  lens,  where  ifc  becomes  condensed  and  can  artificially  be  divided  into 
two  lamellae,  one  layer  passing  in  front  lost  in  the  front  of  the  capsule,  one 
posteriorly  being  lost  in  the  wall  of  the  fossa  patellaris,  and  the  irregular  and 
generally  artificial  space  enclosed  in  the  cleavage  is  the  canal  of  Petit. 

The  lens  (fig.  736)  is  37  mm.  in  sagittal,  9  in  equatorial  diameter.  Its  front 
curvature  has  a  radius  of  8-2  mm.,  its  posterior  of  6  mm.,  and  the  length  of  its 
meridian  is  12  mm.  ;  but  these  curves  vary  with  the  diameter  of  the  eye  and 
diminish  with  age.  The  lens  is  the  modified  epithelium  of  the  external  optic 
vesicle  whose  primitive  cavity  is  represented  by  the  line  of  contact  of  the  front 


Fig.  745.— A,  Diagram  of  secondary  optic  cup  with  the  lens  (I)  in  the  upper  portion  of  the 
choroid  fissure  (ch.f).  B,  Ideal  dissection  of  the  optic  cup  whose  substance  has  been  cut 
away  except  along  one  sagittal  and  several  horizontal  lines,  showing  the  choroid  fissure 
and  the  cavity  of  the  optic  cup  (vitreous  chamber)  ;  p,  the  pigmentary  layer ;  r,  the 
retinal  layer  ;  o.n. ,  the  optic  nerve. 

layers  of  lens  epithelium  with  the  hinder  or  fibrous  material.  The  innermost 
and  densest  part  or  nucleus  consists  of  the  oldest  fibres  which  have  denticulate 
margins ;  the  softer  outer  layers  are  newer,  and  their  margins  are  generally 
plane.  Each  fibre  is  obscurely  striated,  and  consists  of  a  firm  periphery, 
swollen  at  the  nuclear  area  and  a  softer  central  substance.  Near  the  equator 
where  the  cells  are  transitional,  there  is  a  nuclear  zone  with  rather  large  cells, 
which  from  this  backwards  become  obliquely  and  finally  meridionally  placed 
and  lengthen  as  they  extend  backwards.  The  fibres  of  each  layer  do  not  form 
a  continuous  parallel  seines,  but  ai*e  arranged  in  groups,  whose  ends  are  opposed 
to  each  other,  along  certain  lines.  These  lines  are  arranged  in  a  stellate 
manner  on  each  surface  of  the  lens.  The  star  in  the  fcetal  lens  is  tri-radial  and 
so  arranged  that  the  rays  on  one  surface  of  the  lens  correspond  to  the  inter- 
radial  spaces  on  the  other,  each  fibre  (fig.  743,  r,  r')  in  starting  from  one  ray 
passes  round  the  equator  to  end  at  the  ray  on  the  other  side,  as  indicated  by  a 
dotted  line.  As  age  advances,  new  planes  of  division  appear,  the  star  becoming 
six-rayed,  and  the  entire  lens  grows  in  volume,  its  dimensions  at  65  being  ^ 
greater  than  at  25. 
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The  capsule  of  the  lens  is  a  modified  cuticular  layer;  the  corona  ciliaris  is 
derived  from  the  modified  dermis  of  the  outer  optic  vesicle  around  the  border 
of  the  lens.  It  was  originally  vascular  in  the  foetus,  and  its  continuation 
behind  the  lens  formed  the  fcetal  membrana  Capsularis,  fed  by  the  hyaloid 
artery.  The  continuation  in  front  of  the  lens  was  the  membrana  pupillaris 
which  was  fed  by  the  vessels  of  the  contiguous  iris.  Both  these  layers  begin  to 
atrophy  in  the  seventh  month  with  the  rapid  growth  of  the  vitreous  body  and 
have  disappeared  at  birth. 

The  slit-like  space  between  the  iris  and  the  lens  is  the  posterior  chamber  ; 
it  is  wider  peripherally  where  it  receives  the  ciliary  pr-ocesses,  but  otherwise 
it  is  only  a  nominal  space. 
It    communicates    through 

the  pupil  with  the  an- 
terior Chamber  contain- 
ing the  aqueous  humour. 

The  curvature  of  the 
lens  varies  during  life  with 
the  action  of  the  ciliary 
muscle ;  when  the  eye  is 
focussed  for  near  vision  the 
curvatures  alter  from  those 
given  above,  as  represented 
in  fig.  736.  The  anterior 
curvature  has  then  a  radius 
of  6-o  mm.,  and  the  back 
of  5-5.  In  rest,  the  anterior 
surface  is  the  segment  of 
an  elliptically  curved  sur- 
face ;  the  posterior,  that  of 
a  parabola. 

Chemically,  the  lens  con- 
sists of  65  per  cent,  of  water, 
35  per  cent,  of  animal 
albuminous  matter ;  the 
refractive  index  of  its  sur- 
face is  1-4053,  and  of  its 
denser  part  i'454-i  ;  it  is 
doubly  refracting. 

The  capsule  of  the  lens 
is  from  11  to  15  fi  in  thick- 
ness in  front,  from  5  to  7  /a 
behind,  and  thinnest  at  the 
hinder  pole. 

In  the  primitive  cavity 
of  the  lens  there  is  occasionally  a  clear  drop  of  albuminous  fluid  (Liquor 
Morgagni).  The  fibres  of  the  lens  do  not  increase  in  number  from  their  full 
formation  in  the  fourth-month  foetus  until  after  birth,  but  after  this  they 
double  in  number  as  well  as  increase  in  size. 

Development. — The  eye  is  developed  from  a  twofold  source — an  inner,  which  is  an 
outgrowing  hollow  vesicle  (the  internal  optic  vesicle)  from  the  hinder  part  of  the  anterior 
cranial  vesicle,  and  an  outer,  which  is  a  pit  from  the  surface  above  the  maxillary  lobe  (fig. 
744).  The  latter  projecting  against  the  fundus  of  the  former  causes  it  to  become  invaginated 
into  an  optic  CUp,  whose  mouth  consists  of  a  wide  portion  above  and  anteriorly,  and  a 
narrow  slit  posteriorly.  The  stalk  of  the  cup  narrows  and  becomes  the  optic  Derve.  The 
outer  pit  of  invagination  closes  and  forms  a  closed  spheroidal  sac  of  epithelium  which  sinks  into 
the  mouth  of  the  optic  cup  ;  its  front  layer  of  cells  remains  short,  but  the  hinder  cells  become 


Fig.  746. — Horizontal  section  of  the  eye  of  a  rabbit  of 
eighteen  days— ap,  orbito-sphenoid ;  c,  cornea;  e,  its 
epithelium;  /,  choroid;  g,  vitreous  body;  i,  iris;  I, 
lens  ;  I',  epithelium  of  front  of  lens  ;  to,  rectus  superior  ; 
mp,  membrana  pupillaris ;  o,  optic  cup ;  p,  outer  pig- 
mented layer  of  retina  ;  p',  front  edge  of  secondary  optic 
cup ;  pa,  upper  eyelid  ;  pp,  lower  eyelid  ;  r,  retina ;  re, 
ciliary  part  of  the  retina. 
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elongated  ami  fibrous,  so  that  ultimately  the  cavity  degenerates  into  a  slit  and  the  mass  of 
epithelium  forms  the  crystalline  lens.  This  body  (I)  fills  the  front  part  of  the  mouth  of  the 
optic  cup,  as  shown  in  tig.  745.  When  the  fundus  of  the  optic  cup  is  driven  in,  it  appears 
to  consist  of  two  layers — an  anterior,  the  invaginated  fundus  layer,  which  is  thick,  and 
becomes  the  retina,  and  a  posterior,  which  becomes  the  pigmentary  layer  of  the  choroid,  but 
which  is  really  derived  from  the  optic  cup,  not  from  the  surrounding  connective  tissues  as 
are  the  choroid  and  sclerotic.  The  retina  is  at  tirst  only  one  cell  deep,  but  soon  becomes 
complex  in  structure.  The  slitdike  depression  along  the  under  side  of  the  optic  cup  is  called 
the  choroid  fissure,  and  extends  along  the  optic  nerve.  It  is  into  the  closed  remains  of  this 
fissure  on  the  nerve  that  the  arteria  centralis  retina;  is  interjected,  and  through  this  fissure 
on  the  eyeball,  the  vitreous  humour,  a  mesoblastic  structure  has  grown  inwards.  The  cornea 
is  formed  by  the  coalescence  of  the  tegumentary  structures  after  the  sinking  in  of  the  lens  ; 
its  epithelial  layer  is  the  continuation  of  the  epidermis  ;  its  deeper  tissue  is  a  modification  of 
the  corium  layer  of  the  dermis.  The  choroid  and  iris  are  likewise  mesoblastic  interjections. 
The  capsule  of  the  lens  is  a  cuticular  derivative  from  the  epidermal  cells  of  the  lens  itself. 
The  eyelids  are  secondary  folds  which  arise  and  develope  around  the  corneal  area,  at  first  pro- 
jecting as  loose  folds,  then  adhering  and  finally  again  separating,  as  has  been  already 
described. 

536.  INTERNAL  CAROTID.— By  laying  open  with  a  chisel  the  carotid 
canal,  the  second  stage  of  this  artery  can  be  followed  (p.  602).  The  vessel 
traverses  the  petrous  bone,  passing  at  first  upwards,  then  turning  sharply 
forwards  and  inwards,  separated  from  the  cavity  of  the  tympanum  by  a  thin, 
bony  lamella,  lying  below  and  internal  to  the  cochlea,  and  crossing  behind  the 
Eustachian  tube.  It  is  surrounded  by  a  network  of  small  veins,  derived  from 
the  tympanic  cavity  and  the  basilar  periosteum,  which  open  into  the  cavernous 
sinus.  The  carotid  plexus  of  the  sympathetic  (p.  610)  ascends  on  the  outer 
side  of  the  vessel,  and  is  often  condensed  at  one  spot  into  a  carotid  ganglion. 
In  this  stage  the  artery  gives  off  tympanic  and  vidian  branches,  which  anasto- 
mose with  their  namesakes  from  the  internal  maxillary  in  their  respective 
spaces.  The  end  part  of  the  second  stage  is  only  covered  above  by  membrane, 
not  by  bone,  and  passes  into  the  third  stage  as  it  lies  on  the  cartilage,  which 
blocks  up  the  anterior  lacerated  foramen. 

The  third  stage,  on  the  inner  wall  of  the  cavernous  sinus,  is  doubly  curved 
like  a  Roman  CO,  its  first  or  hinder  concavity  being  directed  downwards.  Its 
second  curve  ends  at  the  carotico-clinoid  opening,  beyond  which  the  artery 
enters  on  its  fourth  stage  (p.  698).  In  this  stage  it  has  the  cavernous  sinus 
and  the  sixth  nerve  on  its  outer  side,  while  the  sympathetic  fibres  form  a  close- 
meshed  cavernous  plexus  on  its  lower  and  inner  side.  In  this  there  is 
sometimes  a  minute  eavemOUS  ganglion. 

The  branches  in  the  third  stage  are  receptacular  to  the  walls  of  the  cavernous 
sinus,  pituitary  to  the  hypophysis,  ganglionic  to  the  Gasserian  ganglion,  and 
meningeal  to  the  dura  mater,  all  small  branches. 
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537.  THE  ORGAN  OF  HEARING  consists  of  three  parts— the  external, 
middle,  and  internal  parts  of  the  ear  (fig.  747).  The  external  ear,  which  has 
been  already  dissected  (p.  523),  is  the  specialised  modification  of  the  tegumen- 
tary  margin  of  the  first  post-oral  visceral  slit.  The  middle  is  the  modified  deep 
portion  of  the  cavity  of  that  cleft,  containing  in  it  the  modified  remains  of 
portions  of  the  first  and  second  visceral  arches.  The  internal  ear  or  labyrinth 
is  the  essential  organ  of  hearing,  and  should  be  first  examined. 

To  see  it,  decalcify  afresh  temporal  bone  in  dilute  acid  (p.  32),  and  remove 
carefully  the  bone  from  around  its  tubules.  This  part  of  the  apparatus  consists 
of   two   parts — (1)   the 

membranous  laby- 
rinth, on  and  in  which 
the  auditory  nerves  end, 

and  (2)  the  bony  laby- 
rinth or  the  tubular 
excavations  •  in  the 
petrous  bone,  wherein 
the  former  is  contained. 

In  the  course  of  dis- 
section the  bony  laby- 
rinth should  be  dis- 
sected first,  but  to  un- 
derstand the  structure 
of  this  organ,  it  is  better 
to  begin  the  description 
with  the  membranous 
labyrinth,  which  is  the 
essential  part  of  the 
organ  as  well  as  histori- 
cally its  oldest  part. 

This  membranous 
labyrinth  (fig.  748)  con- 
sists primarily  of  two 
sacs — one  elliptical  (the 
UtrieulUS),  placed 
above  and  behind ;  the 
other  subglobular 
(SaCCUlllS),  internally  and  in  front.  These  are  formed  by  a  duct,  from  which, 
near  its  saccular  end,  there  passes  a  fine  tube,  the  ductus  endo-lymphaticus, 
which  passes  through  the  temporal  bone  towards  the  sigmoid  groove,  dilating 
under  the  dura  mater  into  a  saCCUS  endo-lymphaticus,  which  soon  vanishes 
in  course  of  growth  (fig.  752,  III,  R). 

From  the  upper  and  outer  side  of  the  utricle  there  pass  three  semicircular 
Canals,  placed  at  right  angles  to  each  other ;  one  of  these,  the  highest,  is 
directed  in  the  coronal  plane,  and  is  at  the  same  time  anterior  to  the  others 
and  vertically  placed;  a  second,  the  longest,  but  narrowest,  is  placed  posteriorly 
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Fig.  747-  — Scheme  of  organ  of  hearing — A  G,  outer  ear  meatus ; 
T,  membrana  tympaui;  K,  malleus,  with  its  head  (h),  short 
process  (kf),  and  handle  (m) ;  a,  incus  ;  x,  its  short  leg;  s, 
stapes;  z,  Sylvian  ossicle;  P,  middle  ear;  o,  fenestra  ovalis; 
r,  fenestra  rotunda ;  x,  beginning  of  cochlea ;  pt,  scala  tym- 
pani;  vt,  scala  vestibuli;  V,  vestibule;  S,  saccule;  U,  utricle; 
H,  semicircular  canals  ;  T  E,  Eustachian  tube.  The  long 
arrow  shows  the  line  of  traction  of  the  tensor  tympani ;  the 
short  curved  arrow  that  of  stapedius. 
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in  the  sagittal  plane,  also  vertical  and  internal  to  the  others ;  the  third,  the 
shortest  and  widest,  is  placed  horizontally,  and  is  external  to  the  others. 
These  canals  are  respectively  named  Superior,  posterior,  and  external. 
These  canals  join  the  utricle  at  each  end. 

One  extremity  of  each  canal  is  dilated  into  an  ampulla.  The  highest  and 
farthest  forward  of  these  ends  is  the  ampullated  end  of  the  superior  canal, 
next  to  this  the  ampullated  end  of  the  external,  then  the  united  non-amp ullated 

ends  of  the  superior  and  posterior, 
which  form  a  common  stem  before 
they  end  in  the  utricle.  Below  is 
the  non-ampullated  end  of  the  ex- 
ternal canal,  and  lowest  of  all  is 
the  ampullated  extremity  of  the 
posterior  canal. 

The  saccule  is  somewhat  flat- 
tened, and  sends  off  one  tubular  out- 
growth of  peculiar  form,  beginning 
as  a  narrow  tube,  the  canalis  re- 
uniens,  from  its  lowest  and  hind- 
most part.  This  canal  suddenly 
turns  forwards,  and  is  coiled  in  a 
spiral,  making  two  and  a-half  whorls 
and  ending  blindly.  This  spiral  por- 
tion is  the  cochlear  Canal,  or  scala 
media  cochlea?  (fig.  752,  III,  Cr). 
The  interior  of  all  these  mem- 
branous structures  is  filled  with  a  fluid,  endolymph,  and  they  lie  within 
the  bony  labyrinth,  but  only  partially  in  contact  with  its  walls,  as  they  are 
surrounded  by  a  similar  lymph-like  fluid,  the  perilymph. 

The  bony  labyrinth  (fig.  749)  consists  of  three  sets  of  spaces  surrounded  by  a 
dense  stratum  of  bone,  outside  which  the  petrous  bone  is  cancellous,  so  this 
region  can  be   chiselled  out  with  4 

ease.  The  central  space  is  the 
vestibule,  which  contains  the 
sacculus    and    utricle    (fig.    750), 


Fig.  748. — Membranous  labyrinth  —  1,  facial 
nerve ;  S,  anterior  branch  of  auditory  nerve, 
giving  branches  to  (5)  the  utricle;  and  to  (<S' 
and  9)  the  ampullae  of  the  superior  and  hori- 
zontal canals ;  3,  posterior  division  of  auditory 
nerve,  supplying  (6)  the  saccule ;  (10)  the 
posterior  ampulla ;  and  (4)  the  cochlea ;  7, 
united  limb  of  upper  and  posterior  canals ;  1 1, 
hinder  end  of  horizontal  canal. 


Fig.  749. — External  appearance  of 
bony  labyrinth  when  chiselled 
out  —  /,  superior  semicircular 
canal ;  s,  posterior  canal ;  h, 
external  canal. 


Fig.  750. — Interior  of  labyrinth  of  right  ear,  with  the 
outer  wall  removed— 1,  beginning  of  cochlea;  2, 
posterior  semicircular  canal ;  3,  horizontal  canal ; 
4,  superior  canal ;  5,  utricle  ;  6,  saccule ;  7,  lamina 
spiralis  ;  8,  ampulla  of  superior  canal ;  9,  ditto  of 
horizontal ;  10,  of  posterior. 


and  from  which  pass  three   bony  semicircular  canals,  holding  the  mem- 
branous canals,  and  the  COChlea,  holding  the  spiral  cochlear  canal. 

The  perilymph  is  truly  lymph  contained  in  a  wide  lymph  path.  There  is 
a  lax  series  of  connective  bands  traversing  the  fluid,  holding  the  membranous 
parts  in  their  place,  and  a  large  lymph  cistern  occupies  the  vestibule  on  its 
outer  side.  The  bony  walls  of  these  cavities  are  dense  and  lined  by  thin 
periosteum,  so  that  they  can  easily  be  separated  from  the  rest  of  the  temporal 
bone. 
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lamina  spiralis. 


The  vestibule  is  elongated,  and  measures  4  mm.  vertically,  5  mm.  sagit tally, 
3-5  mm.  coronally.  Internally  it  abuts  on  the  meatus  auditorius  internus, 
externally  on  the  tympanic  cavity,  with  which  it  communicates  by  the  fenestra 
ovalis;  the  anterior  internal  surface  joins  the  cochlea;  from  the  posterior  and 
external  surface  pass  the  semicircular  canals.  The  floor  and  inner  wall  are 
depressed  into  two  pits,  the  spherical  PeeeSS  for  the  saccule,  the  elliptical 
for  the  utricle,  separated  by  a  vertical  crista  .  ,.  , 

•7  7-  I'll*  • 

vestibuh,  which  ends  in  a  pyramid  above, 
sending  off  two  weak  processes  below,  one 
internal  and  anterior  round  the  saccule, 
and  a  posterior  stretching  to  the  ampulla 
of  the  posterior  semicircular  canal.  These 
surround  the  pit  for  the  recessus  cochleai-is, 
into  which  a  csecal  pouch  of  the  cochlear 
duct  bulges.  The  openings  into  the  vesti- 
bule are  the  five  mouths  of  the  semicircular 
canals,  the  fenestra  ovalis,  the  minute  holes 
of  the  macula  cribrosa,  of  which  the  upper 
set  pass  to  the  upper  end  of  crista  vestibuli  for  the  utricle  and  the  ampulla? 
of  the  upper  and  outer  semicircular  canals ;  the  middle  set  enter  below  the 
recessus  sphericus,  transmitting  the  nerves  for  the  sacculus,  and  the  lower 
series  of  holes  are  below  the  recessus  ellipticus  for  the  nerves  for  the  posterior 
canal. 

The  aqueductllS  vestibuli  lies  below  the  mouth  of  the  combined  portion 
of  the  anterior  and  posterior  canals. 

The  bony  semicircular  canals  are  about  1*5  mm.  in  diameter,  elliptical  in 


scala  lumpani. 


Fig.  75i- 


Coronal  section  of  bony 
cochlea. 


Fig.  752. — III,  Scheme  of  labyrinth  ;  Fig.  753. — I,  Transverse  section  of  one  whorl  of  the 

Cs,  semicircular  canal ;  U,  utricle;  cochlea;   II — A,    ampulla   of  semicircular   canal, 

S,  saccule ;  R,  endolymphatic  duct ;  with   crista   acustica ;    a,  p,  auditory    cells  ;    T, 

Cr,  canalis  reuniens ;  Cc,  cochlear  otoliths. 
canal ;  IV,  scheme  of  bird's  laby- 
rinth ;  V,  fish's  labyrinth. 

section,  and  are  ampul lated,  the  superior  corresponding  to  the  jugum  petrosum 
(p.  223),  and  its  arch  to  the  floccular  fossa.  These  canals  show  faint  secondary 
flexures,  but  these  are  individually  variable,  and  they  are  not  uniform  in  lumen. 
The  bony  COChlea,  like  the  membranous,  is  a  coiled,  tapering,  spiral  tube, 
with  two  and  a-half  whoids  (fig.  751),  the  first  beginning  below  and  directed 
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forwards  and  inwards.  The  whorls,  as  seen  from  without,  are  close  together, 
and  end  forwards  and  inwards  in  a  dome,  the  cupola ;  the  opposite  posterior 
and  external  side  is  open  and  directed  towards  the  meatus  internus,  where  it 
forms  the  base  of  the  modiolus  or  axis  of  the  cochlea.  When  slit  open,  it  is 
seen  that  from  the  modiolar  wall  there  projects  into  the  tube  a  bony  lamina, 
which  extends  nearly  half  way  across  its  lumen,  dividing  it  partially  into  two 
parts.  The  membranous  cochlear  canal  (fig.  752,  Gc)  is  interposed  between 
the  free  margin  of  this  lamina  spiralis  and  the  outer  wall  of  the  whorl,  and 
this  completes  the  separation,  so  making  the  cochlea  into  a  triple  coiled  tube 
(fig.  753).  The  free  edge  of  the  lamina  spiralis  presents  two  lips — a  lower 
towards  the  lower  compartment,  and  an  upper  towards  the  upper. 

The  segment  below  the  lamina  spiralis  is  called  the  scala  tympani  because  it 

comes  in  relation  to,  although  it  does  not  communicate  with,  the  cavity  of  the 

tympanum  through  the  fenestra  rotunda.     The  tube  above  the  lamina  is 

called  the  scala  vestibuli  because  it  communicates  with 

the  vestibule  by  a  direct  opening.     The  middle  tube 

is  the  cochlear  canal. 

The  lamina  spiralis  does  not  extend  quite   to  the 

upper  end  of  the  tube,  but  ends  in  a  hook  (hamulus) 

f  under  the  cupola  to  which  the  blind  end  of  the  cochlear 

t  duct  is  attached.      In  consequence  the  scalse   tympani 

1     ,v'  r  '    —  .f  and    vestibuli    here   communicate    in    an  opening,  the 

^_1  ■-'  •  heliCOtrema.     The  scala  vestibuli  extends  to  the  very 

y        v_.ci  top  of  the  cupola,  and  turning  round  the  blind  end  of 

2*__f    \  •-'■       ^  {_■  ;.'i  the  cochlear  duct  joins  the  scala  tympani,  which  ends 

-'.  KsjX) '    -<;")-Ye  below  the  hamulus. 

ji  1  V  H\  S^) //"'';  The  lower  part  of  the  lamina  spiralis  is  broad  and 

'  ''1  v/-  ir  >  r'N    V^T"  attached  to   the  lateral  wall   of  the    vestibule    at    the 

■■i'fA^  \:"V'  A  >^-  beginning  of  the  first  whorl. 
'Oil -^  *-K      AT-"'  The  fenestra  rotunda  or  triangularis  is  blocked  by 

o  K^vv^        a  membrana  tympani  secundaria. 

Jcr'-'j   (  \  \  \%A  The  modiolus  is  pierced  by  the  cochlear  part  of  the 

HI  \ '■■'-V.j.  \.*:?  auditory   nerve,    which   enters  it  by  a  number  of  fine 

„.  TT    ;.    ,      ,.        openings  arranged  in  a  spiral,  the  perforate  spiral 

Fiff.  754.—  ^  ertical section     ,l       ,   °   ™  *=  ,,1         .'         jxi      ,        •        "Jf""-* 

of  macula  acustica— n     tract.      Ihese  traverse  the  axis  and  the  lamina  spiralis 
nerve  fibres ;  pb,  basilar    to  the  cochlear  duct.     The  spiral  shape  is  thus  due  to 
plexus;  i,  epithelial  cells;    the  linear  extension  of  the  cochlear  tube  and  of  these 
r,  sensory  cells;  cb,  basal     nerves     which    have   increased   in   number  while   con- 
cells;  /,  fusiform  cells;  •      j  •  -j.        c  v  j.        •  j  j.i      1 
n      ciliated    nervo-eni-     s^rained  m  capacity  oi  linear  extension,  and  the  lamina 
thelium.                              spiralis  is  simply    the    projecting    plate   around    these 
nerves  as  they  pass  to  their  distribution  in  the  cochlear 
canal.     The  perilymph  enters  through  the  scala  vestibuli,  and  passes  down  the 
helicotrema  to  the  scala  tympani,  but  cannot  escape  thence  as  it  is  closed  by 
the  membrana  tympani  secundaria. 

A  fine  opening  starts  from  the  beginning  of  the  floor  of  the  scala  tympani 
and  passes  down  to  the  side  of  the  basilar  surface  of  the  petrous  bone  as 
aqueductus  cochlea  (p.  223)  ;  veins  and  lymphatics  traverse  it. 

The  auditory  nerve,  the  eighth  cranial  nei've,  divides  into  two  parts, 
anterior  inferior  and  posterior  superior ;  the  latter  (vestibular  nerve)  divides 
into  upper,  middle,  and  lower  branches,  giving  off  nerves  to  the  vestibule  and 
ampullae;  the  upper  gives  off  branches  for  the  utricle  and  fore  and  outer  canals; 
the  middle  to  the  saccule  and  the  lower  to  the  hinder  canal ;  the  anterior 
inferior  (cochlear  nerve)  joins  part  of  the  latter  and  enters  the  modiolus  by 
the  perforated  spiral  tract,  sending  its  outer  branches  to  the  first  whorl ;  the 
innermost  to  the  last.      The  nerve  forms  an  elongated  aranarlion  at  the  base  of 
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the  lamina  spiralis  (the  ganglion  spirale),  filling  a  spiral  canal  (canalis  spiralis 
modioli)  at  the  base  of  the  lamina  spiralis.  From  this  ganglion  the  plexus  spiralis 
extends  on  the  tympanic  side  of  the  lamella,  piercing  the  tympanic  lip  of  the 
free  border  of  the  bony  lamina  spii"alis.  The  fibres  of  the  acoustic  nerve  have 
Schwann's  and  the  medullary  sheath,  but  lose  these  at  the  free  border  of  the 
plexus. 

In  minute  structure  saccule,  utricle,  and  canals  are  somewhat  like,  consist- 
ing of  connective  walls  externally  joined  to  the  trabecular  of  the  perilymphic 
tract,  with  a  vitreous  clear  membrane  within,  lined  by  a  layer  of  flattened 
epithelium,  which  clothes  the  cavity  and  is  bathed  by  the  endolymph.  This  is 
a  derivative  of  the  primitive  cavity  of  invagination.  The  walls  of  the  canals 
show  internal  thickenings  which  are  also  epithelium-clad. 

On  the  saccule  and  on  each  ampulla  there  are  thickened  areas  circumscribed 
and  projecting  into  their  cavities,  each  ampulla  is  crossed  by  a  transverse  crista 
acustica,  marked  externally  by  a  slight  depression.  The  similar  spots  on  the 
inner  walls  of  the  sacculus  and  utricle  are  called  maculce  acusticai.  Here  the 
epithelium  is  cylindrical,  consisting  of  some  cells  armed  with  stiff"  hairs  placed 


755. — Scheme  of  section  through  the  cochlear  duct  and  organ  of  Corti — N",  cochlear 
nerve  :  K,  inner  hair  cells ;  P,  outer  hair  cells  ;  n,  nerve  fibrils,  ending  in  the  latter1; 
a,  supporting  cells  ;  d,  cells  in  the  sulcus  spiralis  ;  z,  inner  rod  of  Corti;  Mb,  membrane 
of  Corti ;  0,  membrana  reticularis  ;  H  G,  epithelium. 

between  other  basal  cells.  These  acoustic  hairs  project  into  the  endolymph 
(fig.  754).  In  the  endolymph  of  the  saccule  and  utricle  opposite  there  are 
particles  of  calcic  carbonate,  the  otoconia,  in  crystalline  structure  resembling 
Arragonite  (fig.  753,  r). 

The  epithelium  of  the  rest  of  the  tubes  shades  into  this  sensory  form ;  they 
are  not  abruptly  sundered. 

The  minute  structure  of  the  cochlea  is  still  more  complex,  as  in  it  the 
acoustic  area  is  prolonged  as  a  stripe  along  the  wall  of  the  cochlear  canal.  The 
canal  itself  is  three-sided  rather  than  cylindrical,  one  side  being  attached  along 
the  outer  convex  wall  of  the  bony  whorl ;  this  is  the  most  vascular  side ;  a 
second  side  stretches  from  this  to  form  the  floor  of  the  vestibular  scala,  this  is 
a  thin  wall,  the  membrane  of  Reissner;  and  a  third,  stretching  to  the  tympanic 


686  COCHLEA. 

edge  of  the  lamina  spiralis,  forms  the  roof  of  the  scala  tympani.     This  lower 
layer  is  that  which  bears  the  nerve  endings. 

The  vestibular  lip  of  the  lamina  spiralis  (crista  spiralis)  projects  freely 
into  the  cochlear  canal,  and  the  notch  between  the  two  lips  (sulcus  spiralis) 
is  filled  by  connective  cells  (fig.  755,  d).  The  nerves  (ib.,  N)  perforate  the 
membrane  along  the  upper  edge  of  the  tympanic  side.  Along  the  crista 
spiralis,  are  small  wart-like  prominences,  on  account  of  which  the  lip  is  some- 
times called  labium  sulcatum.  Along  the  border  of  this  lip  the  elevations  of 
the  surface  appear  as  little  tooth-like  prominences  (auditory  teeth). 

The  epithelium  on  the  membrane  of  Reissner  is  polygonal  pavement  epi- 
thelium, a  little  modified  on  the  outer  or  attached  part  of  the  wall  which  is 
covered  with  vascular  projections;  this  epithelium  covers  the  vascular  strise  of 
this  wall,  and  lies  on  the  connective  basis  or  ligamentum  spirale. 

The  epithelium  on  the  limbus  spiralis  forms  a  mosaic  whose  elements  fill 
the  grooves  on  the  surface. 

The  wall  of  the  tube  towards  the  scala  tympani  is  the  most  modified ;  its 
basement  forms  a  membrane,  the  lamina  basilaris,  on  whose  inner  side  the 
modified  epithelium  and  nerve  endings  make  up  the  organ  of  Corti  projecting 
into  the  cochlear  canal  as  the  papilla  spiralis  acustica,  which  occupies  one-half 
of  the  basilar  membrane. 

The  epithelium  of  the  sulcus  spiralis  is  of  low  pavement-cells,  and  it  rises 
externally  and  becomes  transformed  into  a  series  of  cylindrical,  spindle-shaped 
cells,  the  cells  becoming  oblique,  inclining  outwards  at  their  free  ends ;  a 
similar  but  more  sudden  change  takes  place  in  the  epithelium  traced  from 
without  inwards,  which  also  becomes  elongated,  its  cells  inclining  inwards. 
Where  these  two  walls  of  epithelium  meet  at  their  free  ends,  they  leave 
between  them  a  canal,  triangular  in  section,  whose  floor  is  formed  by  an 
epithelium-free  space  of  the  basilar  membrane  (Corti's  Canal). 

The  inner,  row  of  epithelial  cells  which  immediately  bound  this  canal  are 
pillar  cells  of  a  peculiar  shape,  with  broad  feet,  containing  the  nuclei  and 
resting  on  the  lamina  basilaris,  with  narrow  bodies  and  wide  dissimilar  free 
ends.  The  outer  pillar  cells  have  each  a  hammer-like  head,  whose  inner 
extremity  fits  into  a  hollow  in  the  corresponding  surface  of  its  contiguous 
inner  pillar  cells,  while  its  claw  or  outer  extremity  is  overlapped  above  by  a 
similar  claw  of  the  inner  cell.  The  inner  pillar  cells  are  smaller  and  more 
numerous,  so  that  the  head  of  each  outer  cell  rests  at  least  on  two  inner 
ones.  Taken  together  they  make  the  arch  Of  Corti.  Similar  cells  externally 
are  shown  at  H  G,  fig.  755. 

Resting  on  the  inner  pillar  are  the  inner  hair  cells  on  which  rests  a  row  of 
fusiform  support  cells,  graduating  inwards  until  they  merge  into  the  epithelium. 
Externally  are  four  rows  of  hair  cells,  each  with  a  wide  free  end  and  pointed 
attached  foot.  Between  these  are  fusiform  support  cells,  thick  below  and  thin 
above.     The  free  ends  of  these  cells  are  connected  by  a  cuticle  which  forms 

a  membrana  reticularis  around  the  cells. 

The  hair  cells  are  usually  in  three  rows,  the  apparent  outermost  or  fourth 
row  is  a  subdivision  of  the  third.  The  hairs  are  in  a  regular  row  at'rayed 
transversely  on  the  cells  in  the  inner  row,  but  curved  with  their  concavity 
outwards  on  the  outer  row. 

Over  the  membrana  reticularis  is  the  membrana  tectoria,  a  soft  layer 
which  begins  thin  over  the  crista  spiralis,  then  thickens  over  the  sulcus 
spiralis,  to  be  lost  over  the  membrana  reticularis.  The  substance  of  the 
membrana  tectoria  is  stratified  but  quite  homogeneous ;  it  is  a  form  of  mucous 
tissue  which  holds  the  otoliths. 

The  nerves  escape  through  the  row  of  holes  along  the  labrum  perforatum ; 
they  lose  their  medullary  sheath  and  become  pale,  fine  fibrillar  between  the 
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cells  of  the  inner  part  of  the  swollen  epithelium.  Some  nerve  fibres  pass  spirally 
to  the  inner  hair  cells,  others  through  Corti's  canal,  sending  filaments  between 
the  outer  pillar  cells  to  the  outer  hair  cells.  The  organ  of  Corti  stops  short  of 
the  end  of  the  cochlear  canal,  where  the  characteristic  layers  become  aborted. 
Its  place  of  development  corresponds  to  the  fundus  of  the  lagena  of  the  simple 
cochlea  of  birds  and  fishes  (fig.  754). 

The  lamina  basilaris  is  directly  connected  to  the  labrum  perforatum.  It 
consists  of  a  homogeneous  glass-like  layer,  capable  of  being  broken  up  into 
radial  fibres,  under  which  is  the  connective  tissue  of  the  scala  tympani.  The 
fibres  in  the  lining-tissue  of  the  scala  tympani  are  spiral,  and  cross  the  radial 
fibres     into    which    the  . 

basilar  membrane  can  be  g 

split.  There  is  a  spiral 
blood-vessel  in  Corti's 
canal,  the  vas  spirale, 
a  branch  of  the  acoustic 
artery  from  the  anterior 
cerebellar.  The  zona  pec- 
tinata  consists  of  a  layer 
of  radial  stiff  fascicles, 
thinning  internally. 

Tympanum.  —  The 

boundaries  of  the  bony 
tympanic  cavity  have 
been  alread}''  seen  (p. 
223),  and  it  is  best  opened 
by  removing  the  roof  or 
tegmen  tympani  and  cut- 
ting across  the  external 
auditory  meatus  at  the 
tympanic  bony  margin. 
Thereby  the  membrana 
tympani,  which  bounds 
the  cavity  externally,  is 
brought  into  view.  The 
opening  of  the  mastoid 
cells  posteriorly,  the 
glenoid  cavity  below,  the 
Eustachian  tube  in  front, 
and  the  bony  internal 
ear  internally  complete 
the  boundaries  of  the 
space. 

The    membrana 

tympani  (fig.  758)  is  a 

thin  semi-transparent  oval  membrane  of  grey  colour,  fastened  around  the  cir- 
cumference of  the  tympanic  ring.  It  is  smooth  and  concave  externally,  with 
a  central  boss  or  umbo  projecting,  to  which  internally  the  tip  of  the  handle  of 
the  malleus  is  attached.  It  averages  9-15  mm.  high,  8-30  broad,  and  ot  thick, 
and  has  a  surface  of  nearly  50  sq.  mm.  Its  plane  is  oblique,  so  that  the  two 
membranes  if  prolonged  downwards  would  meet  at  an  angle  of  120°  beneath 
the  base  of  the  skull,  and  if  prolonged  forwards  they  would  meet  at  an  angle 
of  1300  in  front  of  the  skull.  This  angle  in  the  sixth-month  foetus  was  160°, 
and  the  membrane  is  nearly  on  the  plane  of  the  top  of  the  meatus,  but  the 
angle  diminishes  with  age  until  middle  life. 


Fig.  756. — Oblique  section  through  the  temporal  bone,  to 
show  the  tympanic  cavity  and  the  mastoid  cells. 
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Near  its  upper  part  the  membrane  is  slightly  projected  outwards  by  the 
processus  brevis  of  the  malleus  (close  to  v,  fig.  758).  Over  this  there  is  a  weaker, 
outwardly  pouched  area  of  the  membrane,  the  parsjlaccida,  often  pierced  by  the 
foramen  Elvira.  This  corresponds  to  the  part  of  the  squamosa  which  completes 
the  deficiency  in  the  tympanic  ring  (between  v  and  h  in  fig.  758).  The  marginal 
groove  of  this  part  does  not  correspond  to  that  in  the  tympanic  ring,  and  the 
proper  membrane  exhibits  thick  borders  where  it  surrounds  this  part. 

The  membrana  tympani  consists  of  three  layers — (1)  a  membrana  propria 
or  fibrous  central  layer,  (2)  covered  externally  by  cuticle,  (3)  internally  by  the 
squamous  epithelium  of  the  mucosa  of  the  tympanum,  which  covers  also  the 
handle  of  the  malleus,  here  attached  to  the  membrana.  The  middle  layer  is 
made  up  of  nearly  equal  fibres  closely  united  in  two  lamella?,  an  external  of  fibres 
radiating  from  the  handle  of  the  malleus.  Above,  these  form  arches  over  the 
processus  bi'evis,  not  being  continuous  into  the  membrana  flaccida,  which 
consists  only  of  the  cuticle  and  mucosa.  The  fibres  are  strongest  at  the  handle 
of  the  malleus,  weakest  peripherally,  but  this  is  compensated  by  the  presence  of 
the  second  or  inner  layer  of  concentric  fibres  which  is  strongest  peripherally. 

The  student  should  practise  the  ex- 
amination of  the  membrana  tympani  with 
the  ear  speculum. 


Fig.  757. — Membrana  tympani,  and  the 
ossicles  seen  from  within — CI,  incus  ; 
Cm,  malleus ;  Ch,  chorda  tympani 
nerve  ;  T,  posterior  tympanic  pouch. 


Fig.  758. — Membrana  tympani  of  nine 
month  foetus,  seen  from  without — 
V  and  h  are  the  two  extremities  of  the 
bony  tympanic  ring. 


Fig.  759. — Diagrammatic  view  of  ossicles,  magnified 
4  diameters — M,  manubrium  or  handle  of  the 
malleus ;  T,  insertion  of  tensor  tympani ;  h, 
head  ;  L  F,  processus  gracilis  or  Folianus ;  a, 
incus;  K,  short  leg;  I,  long  leg;  S,  stapes, 
basal  plate ;  ax,  common  axis  of  rotation  of 
the  ossicles ;  S',  raised  lip  on  the  lower 
margin  of  incus,  which  projects  into  a  groove 
on  the  lower  border  of  the  articular  surface  of 
the  malleus,  like  a  tooth  of  a  cog-wheel,  locking 
them  so  that  they  both  move  together  in 
inward  motions. 


The  OSSicleS. — The  malleus  (fig-  7  60)  is  placed  writh  its  head  directed  towards 
the  roof  of  the  cavity  which  it  nearly  touches.  The  only  part  which  is  perfectly 
free  is  the  neck  which  joins  together  the  processus  brevis  and  the  head.  External 
to  the  spot  where  it  enters  the  membrane  is  the  processus  gracilis,  a  slender 
spicule  of  bone,  ending  in  a  fibrous  thread,  which  projects  anteriorly  and  down- 
wards at  right  angles  from  the  neck  of  the  malleus,  and  is  lost  in  the  tissues 
filling  the  Glaserian  fissure;  the  cai-tilage-clad  area  of  the  head  looks  backwards 
and  enters  the  glenoid  cavity  of  the  incus.  The  handle  of  the  malleus,  which 
lies  in  the  membrana  tympani,  is  a  long  curved  process,  compressed  coronally 
at  its  base,  sagitally  at  its  tip,  and  therefore  seeming  curved.     It  is  embedded  in 
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a  thick,  almost  cartilaginous  periosteum  whereby  it  is  tied  to  the  niembr-ana. 
The  malleus  has  also  a  short  process  directed  outwards  and  often  a  small  spur 
for  the  insertion  of  the  tensor  tympani. 

The  illCUS  is  placed  behind  the  malleus,  and  in  shape  resembles  a  bicuspid 
tooth ;  its  short  leg  is  horizontal,  gristle-tipped,  and  lies  close  to  the  roof  of  the 
tympanic  cavity  to  which  it  is  tied  by  syndesmosis,  there  being  a  strong  liga- 
mentum  ineudis  pOSterius  ending  below  the  opening  of  the  mastoid  cells. 
The  long  leg  is  directed  downwards  parallel  to  the  handle  of  the  malleus  and 
internal  to  it,  having  its  end  weakly  bent  towards  the  labyrinth,  and  narrowing 
to  a  slender  neck  which  bears  the  OS  lenticulare  (fig.  760,  O.S),  whose  flattish 
convexity  fits  into  a  shallow  concavity  on  the  capitulum  of  the  stapes,  and  is 
surrounded  by  a  weak  capsule.  The  stapes  is  placed  at  right  angles  to  the 
long  leg  of  the  incus,  its  somewhat  semi-elliptical  foot-plate  being  placed  trans- 
versely in  the  fenestra  ovalis.  The  crus  rectilineum  is  in  front,  the  crus 
curvilineum  behind,  and  both  are  joined  by  the  membpana  Obturatoria. 
Each  crus  is  channelled  on  its  central  side. 

The  malleo-incudal  joint  is  a  trigger  joint;  the  articular  surfaces  having 
sharp  edges  gripping  each  other.  They  are  covered  by  a  thin  encrusting 
cartilage,  and  invested  by  a  tight  capsule. 

The  malleus  is  tied  to  the  wall  of  the  tympanic  cavity  by  ligaments 
enclosed  in  mucous  folds. 

From  the  front  limb  of  the  tympanic  ring  on  its  inner  side  a  bony  process 
is  directed  backwards  and  inwards,  the  spina  tympanica  posterior,  and  in 
front  of  this  is  a  smaller  process  directed 
forwards    and    downwards,    the    spina 

tympanica  anterior,  both  outgrowths 

of  a  ridge  which  projects  from  the  inner 
part  of  the  annulus,  jutting  beyond  a 
groove  which  is  directed  obliquely  for- 
wards and  downwards,  which  forms  the 
border  of  the  Glaserian  fissure. 

The  spina  tympanica  posterior  pro- 
jects towards  the  neck  of  the  malleus 
and  beneath  it  the  processus  gracilis 
extends  to  the  Glaserian  nssui-e ;  short 
and  stiff  fibres  pass  therefrom  to  the 
vertical  line  on  the  malleus  which  ex- 
tends from  the  processus  gracilis  to  the 

head  (ligamentum  mallei  anterius). 

Fibres    ascending    from    the    Glaserian 

fissure  are  mixed  with  these.     Upwards 

the    mucous    membrane    covering    this 

ligament  is  continued  as  a  mucous  fold 

to  the  top  of  the  cavity,  the  ligamentum  mallei  SUperius,  which  varies  in 

length  with  the  height  of  the  head  of  the  malleus,  and  is  not  a  true  ligament. 

A  fibrous  band,  the  ligamentum  mallei  pOSterius,  arising  broad  from  the 

squamous  bone,  where  it   closes  the  tympanic  ring  above,  passes,  narrowing,. 

to  the  crista  mallei.    The  hinder  fibres  are  straight,  its  anterior  oblique.    This  and 

the  anterior  make  an  axis  band,  around  whose  uniting  line  the  malleus  rotates. 

An  inferior  ligament  consists  of  the  slender  and  often  very  definite 
band  of  fibres  from  the  upper  and  back  part  of  the  tympanic  wall,  which  passes 
forwards  and  downwards  to  the  end  of  the  handle  of  the  malleus,  behind  the 
long  leg  of  the  incus. 

An  antero-external  ligament  of  the  malleus  is  a  specialised  slip  of  the 
sheath  of  the  tensor  tympani  passing  to  the  neck  of  the  malleus. 

44 


l/il il/t  IIS. 


stapes. 
right   ear — M, 
Cm,  head;    0, 


incus. 
Fig.  760. — Ossicles  of  the 
handle  of  the  malleus 
neck  ;  Pbr,  short  process  ;  Prl,  processus 
gracilis ;  G,  articular  surface  of  incus  ; 
Ci,  body  ;  h,  short  leg  ;  v,  long  leg  ;  O.S, 
os  lenticulare;  C.s,  head  of  stapes;  at 
anterior  limb  (crus  rectilineum);  p,  curvi- 
linear or  posterior  limb  ;  P,  basal  plate,, 
with  upper  convex  and  lower  flat  margin. 
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The  stapes  is  iixed  in  the  fenestra  ovalis  by  a  ligamentum  annulare,  under 
which  is  the  continuous  periosteum  of  the  vestibule.  This  joint  allows  of  a 
slight  movement. 

The  motions  of  the  bones  upon  each  other  are  small  in  amount,  and  they 
are  produced  by  the  following  muscles : — 

1.  TensOF  tympani  (fig.  763),  occupies  the  upper  compartment  of  the 
musculo-tubal  canal,  and  arises  from  the  spina  angularis  of  the  great  wing  of 
the  sphenoid  and  from  the  wall  of  the  canal  wherein  it  lies ;  its  tendon 
winds  over  the  processus  cochleariformis,  passing  transversely  at  right  angles 
to  the  handle  of  the  malleus  to  be  inserted  into  the  handle  below  the  processus 
brevis.  It  draws  the  handle  and  the  membrana  inwards,  and  is  supplied  by  a 
branch  from  the  inferior  maxillary  division  of  the  fifth  nerve  (p.  600). 

2.  The  laxatOF  tympani,  occasionally  present,  consists  of  a  few  muscular 
fibres,   in  a  mass   of  connective  tissue,    which   forms  the  lowest  part   of  the 

anterior   ligament   of  the 


tegmen  tympani. 

A  x 


malleus,    attached   to    the 
spine     of    the     sphenoid, 


passing  through  the  Glas- 
erian  fissure  to  the  malleus. 
It  chiefly  serves  as  a  liga- 
ment. 

3.  Stapedius,  a  small 
penniform  muscle  con- 
tained in  the  hollow  emin- 
entia  pyramidalis,  from 
whose  apical  orifice  its  ten- 
don emerges  to  be  inserted 
into  the  head  of  the  stapes 
posteriorly.  It  acts  in 
making  the  basal  plate  of 
the  stapes  to  oscillate, 
pressing  its  hinder  end 
into  the  fenestra  ovalis, 
and  lifting  the  anterior  end 
a  little  from  pressing  into 
the  opening.  It  is  supplied 
by  a  branch  of  the  facial 
nerve. 

The  mucous  lining  of 
the  tympanic  cavity  covers 
the  bony  walls  closely,  and 
is  inseparable  from  the 
periosteum,  except  where 
nerves  or  vessels  inter- 
vene. It  is  continued  over  the  secondary  membrana  tympani  of  the  fenestra 
rotunda  and  over  both  surfaces  of  the  obturator  membrane  of  the  stapes.  It 
contains  a  few  Pacinian  corpuscles  at  its  lowest  part. 

The  mucous  membrane  covers  also  the  chorda  tympani  nerve,  forming  a  flat 
malleal  fold  which  bounds  the  upper  border  of  the  two  tympanic  pouches, 
anterior  and  posterior.  These  are  separated  from  each  other  by  the  malleus,  and 
correspond  to  the  membrana  flaccida.  This  fold  is  called  the  malleal  fold,  and 
ends  with  a  free  concave  border.  The  edge  of  the  hinder  fold  surrounds  the 
chorda  tympani.  The  pouch  bounded  by  this  fold'  is  deeper  than  the  anterior, 
which  is  less  conspicuous.  The  mucosa  is  thinner  and  less  vascular  towards 
the  mastoid  cells,   into  which  it  is  continued,  and  it  lines  the  many  irregu- 


Fig.  761. —Diagram  of  ossicles  id  situ,  x  6 — A.G,  external 
meatus  ;  M,  membrana  tympani ;  n,  handle  of  malleus; 
p,  short  process;  h,  head  of  malleus;  a,  incus;  K, 
its  short  process  and  ligament ;  I,  long  process  ;  S,  os 
lenticulare  ;  s,  stapes  ;  A  x,  axis  of  rotation  of  the 
ossicles,  shown  in  perspective,  oblique  to  the  plane  of 
the  diagram  ;  t,  line  of  traction  of  the  tensor  tympani, 
which  causes  the  other  ossicles  to  move  in  the  direction 
of  the  arrows. 
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Fig.  762. — Dissection  of 
the  right  stapedius 
muscle. 


lar   pits,    separated    by    bony    spicules   which   bound    the    cavity   below    and 
behind. 

The  foetal  tympanum  is  not  an  open  cavity  as  its  lining  of  thick  mucous 
tissue  fills  its  entire  space.  This  diminishes  in  thickness  rapidly  after  birth, 
and  then  the  infant  is  able  to  differentiate  sounds.  In  the  adult,  the 
epithelium  consists  of  a  single  layer  of  low  cells  which  become  ciliated  on  the 
floor  and  in  a  few  patches,  and  which  are  cylindrical  towards  the  Eustachian 
tube.     Simple  gland  pouches  exist  near  the  Eustachian  tube. 

The  Eustachian  tube,  whose  pharyngeal  end  has  already  been  seen  (p.  617), 
is  36  mm.  long,  and  ascends  upwards,  backwards,  and 
outwards   from   the  pharynx  to   the  tympanic  cavity 
at  an  angle  of  400  with  the  horizon. 

It  consists  of  a  cai'tilaginous  region  of  20-26  mm., 
which  is  funnel-shaped  below,  and  a  bony  tube  of 
about  10  mm. 

The  cartilage  is  a  grooved  mass,  incomplete  down- 
wards and  outwards  along  its  whole  extent  and  closed 
here  by  membrane.  Its  lumen  is  a  nearly  vertical 
slit.  The  cartilage  at  first  is  folded  above  and  exter- 
nally, then  it  thickens  below  and  internally. 

The  cartilage  is  fixed  in  the  scaphoid  fossa  of  the  internal  pterygoid  process. 
Its  mucosa  is  continuous  on  one  side  with  that  of  the  pharynx,  on  the  other 
with  that  of  the  tympanum ;  it  thins  towards  the  tympanum,  but  at  its 
pharyngeal  end  there  are  masses  of  lymphoid  tissue  continuous  into  and  around 
it  from  the  pharynx.  The  membrane  here  is  also  thicker  and  more  vascular, 
and  more  richly  provided  with  mucous  glands.  Its  epithelium  is  ciliated 
columnar. 

Along  the  floor  of  the  tube  the  mucosa  appears  reticulated  from  the  projec- 
tion   into    it    of  netted    submucous   fibres, 
on  which  are  small  laminated  bodies  simu- 
lating Pacinian  corpuscles. 

In  life  it  is  usually  almost,  if  not  alto- 
gethei^,  closed,  but  can  be  partly  opened 
by  the  tensor  palati.  The  action  of  the 
levator  palati  tends  to  close  it. 

The  cavity  of  the  tympanum  is  supplied 
by  tympanic  arteries  (1)  from  the  internal 
maxillary  (p.  582),  (2)  from  the  stylo- 
mastoid (p.  563),  and  (3)  from  the  internal 
carotid.  Its  mucosa  is  supplied  by  branches 
of  a  tympanic  plexus  which  lies  on  the 
promontory  (p.  224),  and  which  is  formed 
by  (1)  Jacobson's  auricular  branch  of  the 
glosso-pharyngeal  (fig.  679,  X),  (2)  the  two 
carotico-t37mpanic  branches  from  the  sympathetic  (p.  606),  (3)  a  branch  of  the 
great  superficial  petrosal  (fig.  679,  (3),  (4)  and  the  small  superficial  petrosal 
which  is  connected  with  the  otic  ganglion.  The  chorda  tympani  traverses  the 
cavity,  and  leaves  it  anteriorly  through  the  canal  of  Huguier. 

The  external  auditory  meatus  (fig.  612)  begins  at  the  deepest  part  of 
the  concha  and  ends  at  the  membrana  tympani.  It  is  curved  with  a  concavity 
downwards,  and  passes  obliquely  inwards  and  a  little  forwards  in  the  adult. 
In  the  foetus  it  was  very  short,  even  more  oblique,  but  straight,  and  the  curves 
do  not  begin  to  develope  until  about  five  years  of  age,  before  which  time  the 
membrana  can  be  seen  by  pulling  the  ear  upwards  and  backwards.  In  the 
adult  it  averages  3-i  cm.  in  length,  8  mm.  in  height,  and  6 '5  in  bx'eadth. 


Fig-    76; 


Eustach.  tube. 
;. — The  Eustachian  cartilage 


and  tensor  tympani  muscle  (M). 
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It  consists  of  two  parts — a  shorter  outer  cartilaginous  portion,  and  a  larger 
inner  bony.  The  former  is  oval  in  section,  with  a  vertical  long  axis;  the  latter 
is  usually  elliptical,  with  a  horizontal  long  axis. 

The  skin  lining  the  meatus  is  continued  from  that  covering  the  pinna,  and 
becomes  gradually  thinner  to  the  membrana  tympani.  It  adheres  closely  to 
the  perichondrium  and  periosteum,  and  bears  at  the  orifice  many  hair-bulbs 
and  sebaceous  glands.  In  the  deeper  part  of  the  cartilaginous  portion  are 
many  large,  brownish,  modified  sweat  glands,  which  secrete  the  cerumen,  or 
"wax";  but  these  ceruminoUS  glands  do  not  extend  into  the  bony  part. 
The  vessels  of  the  meatus  are  derived  from  the  auricular  branches  of  the 
temporal,  internal  maxillary,  and  posterior  auricular  arteries;  the  nerves  which 
are  most  abundant  at  the  outer  part  of  the  tube  are  supplied  by  the  auriculo- 
temporal and  the  auricular  branch  of  the  vagus. 

The  corrugated  pinna  collects  and  reflects  some  sound  waves,  although  its  curves  are  too 
short  to  be  of  use  for  the  majority  of  noises.  The  vibrations  travel  along  the  meatus  to  the 
membrana  tympani,  which  is  made  to  vibrate  thereby.  The  attachment  of  the  malleus  acts 
as  a  damper  to  prevent  the  undue  preponderance  of  the  response  of  the  vibrating  membrane 
to  its  own  fundamental  note  and  the  consequent  inequality  of  perception,  as  well  as  to 
prevent  the  after  vibrations.  The  chain  of  ossicles  transfers  the  vibrations  to  the  membrane 
of  the  fenestra  ovalis,  and  thereby  to  the  perilymph  in  the  bony  labyrinth,  and  they  also 
form  an  apparatus  whereby  the  tympanic  membrane  can  be  altered  in  tension.  The  axis  of 
rotation  of  the  bones  is  an  oblique  line  passing  through  the  short  leg  of  the  incus  and  emerging 
at  the  root  of  the  processus  brevis  of  the  malleus  close  to  the  root  of  the  processus  gracilis. 
Around  this  axis  the  bones  rotate  in  a  plane  vertical  to  the  membrana  tympani.  The  incus 
and  stapes  are  placed  at  right  angles  to  each  other.  When  the  handle  of  the  malleus  is 
drawn  inwards  the  locking  arrangement  figured  in  fig.  761  causes  the  incus  to  move  inwards 
with  it,  but  when  the  malleus  is  drawn  out  the  incus  is  not  drawn  out  by  it.  The  range  of 
motion  of  the  os  lenticulare  in  such  inward  motion  is,  on  account  of  the  difference  in  length 
of  the  processes  of  malleus  and  incus — 9'2  mm.:  6 '5  mm.,  only  two-thirds  that  of  the  tip  of 
the  malleus,  the  maximum  movement  of  the  latter  being  "07  mm.  Tension  of  the  tympanic 
membrane  is  produced  by  inward  traction  of  the  malleus  by  the  tensor  tympani;  relaxation 
by  elasticity  of  the  ligaments  and  of  the  membrane.  Motion  of  the  stapedius  is  commonly 
associated  with  that  of  the  orbicularis  palpebrarum  ;  motion  of  the  tensor  tympani  with  that 
of  the  temporal  and  external  pterygoid  muscles. 

The  development  of  the  ear,  like  the  eye,  is  twofold.  The  tympanic  cavity  and  meatus 
and  Eustachian  tube  are  derived  from  the  first  visceral  slit,  which,  however,  is  at  its  dorsal 
part  always  closed,  a  dermal  pit  externally  and  a  pharyngeal  diverticulum  internally  being 
separated  from  each  other  by  the  epiblastic  bottom  of  the  first  and  the  hypoblastic  fundus  of 
the  second.  Some  transitory  traces  of  the  rest  of  the  cleft  appear  at  first,  but  speedily 
vanish. 

The  chain  of  ossicles  is  derived  from  the  modified  hyomandibular,  the  hyomandibulo-man- 
dibular  ligament  having  partly  chondrified  to  form  the  processus  gracilis,  while  the  stapes  has 
been  moulded  around  the  now  vanished  stapedial  artery,  the  degenerated  original  artery  of  the 
mandible,  and  the  tympanic  bone  has  been  derived  from  the  displaced  and  replaced  quadrate. 

The  internal  ear  has  originated  as  a  superficial  invagination  of  epiblast  at 
the  side  of  the  hinder  brain  vesicle.  This  becomes  flask-shaped,  and  then  sinks 
inwards,  losing  its  connection  with  the  surface.  The  remains  of  the  stalk  of 
invagination  is  the  ductus  endo-lymphaticus  in  the  aqueduct  of  the  vestibule, 
and  the  saccus  endo-lymphaticus  is  the  remains  of  the  most  superficial  part  of 
this  tube.  The  fundus  of  the  flask  becomes  surrounded  with  a  mesoblastic 
capsule,  whose  inner  layer  becomes  adherent  to  the  epiblast  lining  the  invagin- 
ated  sac,  forming  the  membranous  labyrinth,  while  the  outer  layer  thickens, 
chondrifies,  and  forms  the  cartilaginous  periotic  capsule  which  fills  in  the  gap  at 
the  side  of  the  base  of  the  chondrocranium.  The  fundus  of  the  primary  flask 
forms  the  utricle,  and  from  it  the  semicircular  canals  project  as  outgrowths, 
while  a  ventral  diverticulum  gives  rise  to  the  saccule,  and  subsequently  to  the 
cochlea. 
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538.  THE  CENTRAL  NERVOUS  SYSTEM  consists  from  above  down- 
wards of  eight  parts  :  — 

A.  The  fore-brain  or  cerebrum,  consisting  of  (i)  the  lateral  fore-brain 

or  cerebral  hemispheres,  and  (2)  the  inter-brain  or  thalamic  region  (fig.  764). 

B.  The  mid-brain,  consisting  of  the  (3)  optic  lobes,  and  (4)  crura  cerebri. 

C.  The  hind-brain,  consisting  of  (5)  the  cerebellum,  (6)  the  pons  Varolii. 

D.  The  after-brain  or  the  medulla  oblongata. 

E.  The  spinal  marrow. 

The  best  practical  course  for  the  student  to  pursue  is  to  examine  these  from  above 
downwards.  The  spinal  marrow  has  been  detached  from  the  medulla  in  the  dissection  of 
the  back  (p.  259),  but  its  examination  is  most  profitably  undertaken  later  on.  The  remain- 
ing seven  parts  are  collectively  called  the  brain. 

The  brain  when  taken  out  should  be  inspected  at  first  from  above  and 
then  from  below.  Seen  from  above,  the  convoluted  surfaces  of  the  two 
cerebral  hemispheres  are  alone  visible,  as  these 
completely  conceal  all  other  parts.  The  inferior 
surface  or  "base"  of  the  brain  is  very  irregular 
(fig.  765),  and  on  it  the  following  peculiarities 
are  to  be  noticed.  Anteriorly,  the  supraorbital 
surfaces  of  the  frontal  lobes  of  the  cerebrum 
have,  in  grooves  on  their  under  surfaces,  the 
two  Olfactory  nerves  and  their  bulbs  (ib.,  I), 
one  on  each  side  of  the  median  fissure.  Behind 
and  external  to  these  are  the  Sylvian  fissures 
indenting  the  cerebral  hemispheres,  and  bridged 
over  by  the  arachnoid  membrane  as  it  passes 
on  each  side  from  the  frontal  lobe  anteriorly  to 
the  temporal  lobe  which  limits  this  fissure  behind. 

At  the  inner  end  of  the  Sylvian  fissure  the 
cut  end  of  the  internal  carotid  artery  appeal's 
on  each  side,  sending  forwards  and  inwards  the 
anterior  cerebral  artery  into  the  great  median 
longitudinal  fissure  which  separates  the  frontal 
lobes,  and  sending  backwards  the  small  posterior 
communicating  artery  to  join  the  posterior  cere- 
bral artery  still  farther  back.  The  continued 
trunk  of  each  carotid,  the  middle  cerebral  artery, 
extends  into  the  Sylvian  fissure  of  its  own  side, 
branching  as  it  sinks  beneath  the  ai'achnoid. 

The  two  anterior  cerebral  arteries  are  united  in  the  longitudinal  fissure 
by  a  short  transverse  median  branch,  the  anterior  communicating  artery, 
behind  which  the  Optic  Commissure  projects  conspicuously,  formed  by  the 
median  convergence  of  two  flattish  white  bands,  the  optic  tracts,  and 
giving  off  the  two  divex'ging  optic  nerves  (II),  whose  oval  cut  ends  project 
prominently. 


Fig.  764.— Scheme  of  horizontal 
section  of  brain — I,  lateral  fore- 
brain  or  cerebral  hemisphere 
with  thickened  outer  wall,  in ; 
a,  o,  inter- brain  or  thalamic 
region ;  q,  optic  lobes  and  crura 
cerebri  constituting  the  mid- 
brain; p,  b,  hind-brain  or  cere- 
bellum and  pons  ;  y,  after-brain 
or  medulla  oblongata. 
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In  front  and  above  the  optic  commissure,  on  carefully  removing  the 
overlyino'  layer  of  arachnoid  membrane,  the  interval  between  the  tracts  is 
tilled  by  a  thin,  grey  plate,  the  lamina  cinerea.  Behind  the  optic  commissure, 
a  conical  membranous  process,  the  infundibulum  (4),  projects  downwards  and 
forwai'ds ;  this  was  originally  connected  to  the  surface  of  the  hypophysis  or 
pituitary  body,  but  was  detached  from  it  in  taking  out  the  brain ;  within  it,  is 
a  flat  perforated  grey  swelling,  the  tuber  cinereum. 

Still  farther  back,  and  lodged  in  a  rather  deep  median  hollow,  are  two 
little  white  knobs,  the  corpora  mammillaria  (6),  placed  close  together,  one 
on  each  side  of  the  middle  line;  behind  these,  and  still  deeper,  is  a  small 
triangular  median  plate  of  brain-tissue,  the  posterior  perforated  plate  (7), 
traversed  by  many  little  arteries.  On  each  side  of  this  is  a  prominent,  oblique, 
and  longitudinally  striated  projection,  the  erus  cerebri  (8),  lying  in  the 
interval  between  the  inner  margin  of  the  temporal  lobe,  and  the  front  and 
outer  edge  of  the  pons  Varolii  (9). 

On  the  inner  side  of  the  crus,  a  white  cord,  2  mm.  in  diameter,  the  third 
or  oculomotor  nerve  appears  (III).  Its  end  has  been  cut  in  taking  out  the 
brain  shortly  after  it  has  passed  between  two  arteries,  the  superior  cerebellar 
behind  and  the  posterior  cerebral  in  front. 

The  pons  Varolii,  whereinto  the  crura  cerebri  pass  on  each  side,  is  a 
quadrate  median  eminence,  whose  inferior  surface  slopes  obliquely  down- 
wards and  backwards,  grooved  along  its  middle  line  for  the  basilar  artery, 
which  here  passes  forwards  and  gives  off  the  two  last  named  vessels  on  each 
side. 

Behind,  and  extending  medially  downwards  and  backwards  from  the  pons, 
is  the  medulla  Oblongata  (12),  separated  from  the  pons  by  a  transverse 
median  groove,  out  of  which  on  each  side  of  the  middle  line  two  small  white 
flattened  threads,  the  sixth  or  abducens  OCUli  nerves  (VI),  come  out. 

The  medulla  Oblongata  is  flattened  and  pear-shaped,  about  2-5  cm.  long, 
1 '3  wide  below  where  it  joins  the  spinal  cord,  but  2 '2  cm.  wide  above  where  it 
joins  the  pons.  It  is  embraced  by  the  vertebral  arteries,  one  on  each  side,  as 
they  pass  forwards  to  unite  at  the  level  of  the  hinder  edge  of  the  pons  to  form 
the  basilar  artery.  The  medulla  on  the  anterior  or  basilar  surface  is  divided 
into  two  symmetrical  halves  by  a  median  groove,  the  anterior  fissure,  which 
begins  by  a  deep  narrow  pit,  foramen  csecum,  between  the  sixth  nerves.  Each 
half  of  the  medulla  presents  laterally  two  longitudinal  grooves,  which  divide 
its  lower  and  outer  surface  into  three  areas ;  that  on  each  side  of  the  anterior 
fissure  is  named  the  pyramid  (io)>  as  it  expands  in  width  from  below  upwards, 
and  vanishes  above  by  sinking  under  the  transverse  fibres  of  the  pons.  The 
somewhat  elliptical  area  outside  the  pyramid  is  the  lateral  tract  of  the 
medulla,  which  for  the  upper  half  of  its  length  expands  into  an  elliptical 
swelling  1  cm.  long,  the  olive  (n)»  and  the  hinder  portion  completing  the  rest 
of  the  visible  area  of  the  medulla  oblongata  is  the  restiform  body.  Between 
the  olive  and  the  restiform  body  the  lateral  tract  is  continued  upwards  as  a 
narrow  band  sunk  to  the  bottom  of  the  posterior  lateral  sulcus. 

Between  the  pyramid  and  the  olivary  body  is  a  groove,  the  sulcus  lateralis 
anterior,  out  of  which  ten  to  twelve  fine  flattened  nerve  filaments  emerge  and 
unite  into  two  cords  forming  the  twelfth  or  hypoglossal  nerve  (XII). 
Between  the  olive  and  the  restiform  body  is  a  sulcus  lateralis  posterior  in  which 
a  large  number,  about  twenty  similar  nerve  cords,  come  out,  and  as  far  as  they 
remain  attached  to  the  brain,  they  can  be  seen  to  be  obscurely  grouped  into 
two  sets,  the  anterior  of  which  forms  the  ninth  or  gloSSO-pharyngeal 
nerve  (IX),  while  the  larger  hinder  forms  the  tenth  or  vagUS  nerve  (X). 
The  olive  is  limited  below  by  a  fascicle  of  fibres  which  loop  around  it  from  the 
pyramid  to  the  restiform  body,  the  superficial  arcuate  fibres. 
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The  nerves  arising  from  the  medulla  are  soft  at  their  points  of  emergence,  and  are  liable 
to  be  torn  from  the  surface  when  the  membranes  be  stripped  off;  hence  this  operation  should 
be  done  very  carefully  in  this  region. 


Flg-  765-— yiew  of  the  base  of  the  brain— 2,  temporo-sphenoidal  lobe  of  cerebrum  ;  3, 
external  perforated  plate;  5,  tuber  cinereum ;  14,  cut  end  of  medulla  oblongata;  16, 
occipital  lobe  of  cerebrum. 
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In  the  same  Groove,  but  lower  down,  nearer  to  the  cat  end  of  the  medulla, 
some  filaments  emerge  which  join  a  cord,  cut  in  taking  out  the  brain,  that 
passed  up  thi'ough  the  foramen  magnum  from  the  side  of  the  cervical  spinal 
marrow,  the  eleventh  or  spinal  accessory  nerve  (XI).  This  nerve  can  be 
seen  passing  to  the  back  of  the  vagus  with  which  it  escapes  from  the  cranial 
cavity. 

The  medulla  oblongata  unites  the  rest  of  the  brain  above,  to  the  spinal 
marrow,  and  through  it  the  fibres  pass  which  connect  the  whole  body  with  the 
brain,  except  those  fibres  which  constitute  the  cranial  nerves.  The  line  of 
junction  of  the  medulla  and  spinal  cord  is  somewhat  arbitrarily  indicated  by 
the  level  of  the  point  of  exit  of  the  upper  filaments  of  the  first  cervical  spinal 
nerve. 

"When  the  anterior  fissure  of  the  medulla  oblongata  is  opened,  by  pressing 
the  pyramids  apai't  with  the  handle  of  the  knife,  it  is  seen  that  this  groove  is 
crossed  at  the  apex  of  the  pyramid  of  the  medulla  by  three  or  four  white 
decussating  bands  passing  obliquely  downwards  from  one  pyramid  to  the  spinal 
marrow  of  the  opposite  side  below  (12).  This  is  called  the  decussation  Of  the 
pyramids.  The  medulla  oblongata  is  the  region,  wherein  the  fibres  from  the 
brain,  which  are  systematically  arranged  with  reference  to  function,  become 
topographically  grouped  with  respect  to  their  regional  distribution,  hence  the 
fibres  which  traverse  it  are  intricately  intermixed. 

Behind  and  above  the  medulla  oblongata  is  the  lower  suface  of  the  cere- 
bellum (13);  attached  to  the  pons  by  an  outward  and  backward  prolongation 
of  each  side  of  that  body,  the  crus  Cerebelli,  and  lying  beneath  the  under 
surface  of  the  hinder  lobes  of  the  cerebrum,  whose  posterior  end,  however, 
extends  backwards,  even  behind  the  hinder  edge  of  the  cerebellum. 

The  surface  of  the  cerebellum  is  divided  by  lines  of  nearly  concentric  sulci 
into  lamellar  convolutions.  In  the  angular  interspace  between  the  medulla 
oblongata  internally,  the  crus  cerebelli  in  front  and  the  cerebellum  externally, 
two  nerves  emerge  very  close  together  and  directly  in  front  of  the  ninth  nerve, 
these  are  the  seventh  or  facial  nerve  anteriorly,  a  firm  white  cord  (VII),  and 
the  eighth  or  auditory,  the  hinder,  a  softer,  larger  nerve  (VIII). 

Still  farther  forwards  near  the  front  edge  of  the  crus  cerebelli,  the  large  and 
fasciculated  fifth  or  tri-facial  nerve  escapes,  easily  divisible  into  two  sets  of 
filaments,  a  larger  greyer  bundle  of  about  sixty  filaments  behind  and  externally, 
the  sensory  portion,  and  a  smaller,  firmer  white  bundle  of  about  ten  filaments 
in  front  and  internally,  the  motor  part  (V). 

In  front  of  the  anterior  border  of  the  crus  cerebelli  and  lying  external  to 
the  cms  cerebri  a  fine  thread-like  nerve,  the  fourth  or  trochlearis  nerve 
can  be  seen  emerging  from  its  deeper  attachment,  to  which  it  can  be  traced  by 
raising  the  cerebellum,  and  dividing  the  arachnoid  membrane  as  it  is  reflected 
here  from  the  cerebrum  to  the  cerebellum. 

The  arachnoid  membrane  is  reflected  as  a  sheet  from  the  back  of  the 
medulla  oblongata  to  the  cerebellum  medially  and  on  each  side.  This  bridges 
over  a  middle  space,  the  vallecula  (15))  or  posterior  inferior  subarachnoid 
space,  whose  deep  surface  is  shown  by  raising  the  medulla  and  cutting  through 
the  membrane.  Between  the  upper  surface  of  the  cerebellum  and  the  lower 
surface  of  the  cerebrum  there  is  a  similar  membranous  reflection  coveiing 
a  second  median  space,  the  posterior  superior  subarachnoid  space,  at  the 
bottom  of  which  the  deep  median  invagination  of  pia  mater  projects  into  a 
fissure,  often  called  the  great  transverse  fissure  of  the  cerebrum.  This  membrane 
is  here  medially  pierced  by  a  large  vein,  the  vena  Galeni,  which  appears  here 
divided  as  it  entered  the  straight  sinus  (p.  532). 

Vessels  Of  the  brain. — This  is  the  most  convenient  time  to  examine  the 
distribution  of  the  arteries  to  the  surface  of  the  brain.     The  cut  mouths  of  four 
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large  arteries  can  be  seen,  the  two  CRPOtids  (fig.  766,  1)  and  the  two  verte- 
bpals  (ib.,  9).  Each  of  the  latter,  which  have  been  seen  arising  from  the 
subclavians  (p.  550),  as  they  ascend  on  the  sides  of  the  medulla  oblongata, 
gives  off  anterior  (10)  and  posterior  spinal  arteries  already  noticed  (p.  552) 
and  a  posterior  cerebellar  (n),  which  winds  backwards  and  outwards  round 
the  medulla  oblongata,  between  the  hypoglossal  and  the  vagus  nerves  over 
the  restiform  body  and  into  the  vallecula  ;  here  it  passes  backwards  and  divides 
into  two  branches,  internal  and  external ;  the  former  coasts  along  and  supplies 
the  hinder  margin  of  the  cerebellum,  and  along  the  inner  surface  of  the  valle- 
cula ;  the  latter  turns  outwards  on  the  under  side  of  the  cerebellum  to  join  the 
superior  cerebellar  close  to  the  outer  margin. 

The  basilar  artery  formed  by  the  median  junction  of  the  two  vertebrals 
(14)  equals  the  pons  in  length,  and  lies  on  the  clivus  occipitalis  under  cover  of 
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Fig.  766. — View  of  the  arteries  on  the  base  of  the  brain 

the  arachnoid  membrane.     Before  its  anterior  termination  it  gives  off  on  each 
side : — 

1.  Pontal  arteries,  numerous  and  transverse ; 

2.  Branches  to  the  medulla  oblongata,  also  transverse  ; 

3.  Intei-nal    auditory   artery ;    this  enters  the   internal  auditory   meatus 
between  the  seventh  and  eighth  nerves ; 

4.  Anterior  cerebellar  (12,    13);   this  crosses  below  the  crus  cerebelli 
to  the  front  edge  of  the  organ. 

The  basilar  artery  on  the  level  of  the  pretentorial  opening  ends  by  dividing 
into  two  pairs  of  branches : — 

5.  The  superior  cerebellar  passes  behind  the  third  nerve  outwards  and 
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backwards  around  the  front  edge  of  the  cerebellum  to  the  upper  surface  of  the 
organ  to  the  optic  lobes  and  choroid  plexus,  anastomosing  on  the  surface  with 
the  other  cerebellar  arteries  (15) ; 

6.  The  posterior  cerebral,  the  largest  branch  of  the  basilar,  passes  out- 
wards in  front  of  the  third  nerve  and  rises  above  the  edge  of  the  tentorium 
(16).  It  is  joined  in  front  by  the  posterior  communicating'  artery  from 
the  carotid  (8),  and  then  turns  backwards  to  supply  the  lower  and  inner  sur- 
faces of  the  occipital  and  temporal  lobes  of  the  cerebrum  ;  close  to  its  origin  it 
sends  (A)  three  sets  of  ganglionic  branches — (1)  postero-median,  which  pass 
through  the  posterior  perforated  plate  to  the  walls  of  the  third  ventricle  and 
to  the  optic  thalamus  ;  and  (2)  posterior  choroid,  which  pass  through  the 
transverse  fissure  to  the  choroid  plexus.  Beyond  its  junction  with  the  posterior 
communicating  it  sends  (3)  postero-lateral  branches  to  the  outer  part  of  the 

thalamus.  Its  terminal 
branches  are  cortical  (17), 
and  consist  of  cuneate, 
occipital,  posterior  tem- 
poral, hippocampal,  and 
dentate  branches  to  supply 
the  convolutions  so  in- 
dicated. 

The  fourth  stage  of  the 

internal  carotid  reaches 

the  brain  by  emerging 
from  beneath  the  anterior 
clinoid  process,  and  pier- 
cing the  dura  mater.  It 
then  turns  upwards  and  a 
little  backwards  on  each 
side  of  the  optic  nerve, 
and  ends  by  dividing  into 
the  anterior  and  middle 
cerebral  arteries  (p.  680). 
Before  its  division  it 
sends  off  ( 1 )  th e  posterior 
Communicating"  artery, 
which  passes  backwards  to 
join  the  posterior  cerebral 
(fig.  766,  8).  This  vessel  is 
very  variable  in  size,  and 
is  often  so  large  that  it  ap- 
pears as  if  the  latter  was 
its  continuation,  and  as  if 
the  basilar  stem  of  this 
vessel  was  only  a  collateral 
channel.  In  its  course  along  the  inner  side  of  the  uncinate  gyrus  it  sends 
branches  thereto,  and  a  middle  thalamic  artery,  which  ascends  to  the  optic 
thalamus  above  it. 

(2)  The  choroid  artery  passes  beneath  the  edge  of  the  uncinate  gyrus  and 
enters  the  lateral  extremity  of  the  transverse  fissure  to  end  in  the  choroid 
plexus  (ib.,  4). 

The  anterior  cerebral  artery  passes  forwards  and  inwards  on  the  under 
side  of  the  frontal  lobe  of  the  cerebrum  between  the  olfactoiy  and  optic  nerves 
(5).  It  then  enters  the  longitudinal  fissure  in  front  of  the  genu  of  the  corpus 
callosum,  and,  lying  on  that  commissure,  at  first  ascends,  and  then  turns  back- 


Fig.  767. — Scheme  of  the  anastomosis  forming  the  circle  of 
Willis — V,V.,  vertebral  arteries  ;  B,  basilar  artery  ;  C.P. , 
posterior  cerebral ;  C,  carotids  ;  C.A.,  anterior  cerebrals  ; 
S,  middle  cerebral;  1,  anterior  perforating  arteries;  3, 
arteries  of  the  posterior  perforated  space ;  2,  arteries  of  the 
corpus  striatum  ;  4,  posterior  nutrient  arteries. 
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wards  on  the  floor  of  the  longitudinal  median  fissure,  whose  lateral  wall  it 
supplies  (7).  At  its  basal  part  it  gives  off  antero-rnedian  ganglionic  branches,  a 
small  cluster  of  fine  arteries,  which  pierce  the  lamina  cinerea  and  the  anterior 
perforated  plate,  and  supply  the  fifth  ventricle  and  the  inner  surface  of  the 
caudate  nucleus.  As  the  artery  lies  iu  front  of  the  optic  commissure  it  is 
joined  to  its  fellow  by  a  short  transverse  trunk,  the  anterior  communicating* 
(6),  which  often  gives  off  some  of  the  antero-median  arteries,  as  well  as  a  small 
branch  to  the  anterior  extremity  of  the  calloso-marginal  convolution.  The 
terminal  branches  are — (1)  small  callosal  branches  to  the  corpus  callosum  ; 
(2)  frontal;  (3)  paracentral;  and  (4)  parieto-occipital,  which  supply  the  parts 
indicated  by  the  names. 

The  large  vessels  just  described  form  at  the  base  of  the  brain  the  boundaries 
of  an  arterial  heptagon,  the  circle  of  Willis  (fig.  767),  whose  sides  are  formed 
in  front  of  the  division  of  the  basilar  artery  by  the  posterior  cerebral,  the  poste- 
rior communicating,  the  side   of  the  carotid,  the   anterior    cerebral,   and   the 


Fig.  76S. — Scheme  of  the  distribution  of  the  branches  of  the  middle  cerebral  artery  seen  in  a 
coronal  section  behind  the  optic  commissure— I.,  area  of  supply  of  anterior  cerebral 
artery  ;  II.,  area  of  supply  of  middle  cerebral  artery  ;  III.,  of  posterior  cerebral  artery  ; 
V.,  lateral  ventricle;  P,  pillars  of  fornix  with  septum  pellucidum  above  them;  C, 
caudate  nucleus ;  Ch,  optic  commissure;  B,  optic  tract  cut  through;  L,  lenticular 
nucleus;  E,  external  capsule  ;  I,  internal  capsule  ;  T,  claustrum  ;  R,  insula  ;  1,  internal 
carotid  artery ;  2,  middle  cerebral ;  3,  anterior  cerebral  artery  ;  4,  lenticulo-striate 
arteries  ;  5,  lenticular  arteries  ;  7,  infundibulum. 

anterior  communicating  arteries.  This  and  the  other  superficial  anastomoses  are 
important,  because  (1)  there  are  no  other  communications  between  the  ganglionic 
branches  and  the  cortical;  (2)  nor  between  the  several  ganglionic  or  other 
vessels  which  pierce  into  the  brain  substance.  All  these  are  end  arteries,  and 
have  no  marginal  anastomoses  with  their  neighbours  other  than  the  minutest. 
The  other  superficial  anastomoses  are — (1)  the  parieto-occipital  between 
branches  of  the  anterior  and  posterior  cerebral;  (2)  Sylvian,  between  branches 
of  the  middle  and  posterior  cerebral  arteries  ;  and  (3)  frontal,  between  branches 
of  the  middle  and  anterior  cerebrals. 

The  arachnoid  membrane  covers  the  circle  of  Willis  and  its  environs,  which 
region  is  the  most  extensive  of  the  subarachnoid  spaces.  On  removing  the 
membrane,  the  lamina  cinerea,  the  optic  commissure,  the  tuber  cinereum,  and 
the  infundibulum  and  posterior  perforated  space  appear  included  within  the 
circle. 

The    middle    Cerebral    artery    is  the   terminal   branch  of  the  internal 
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carotid  (fig.  766,  2),  and  passes  outwards  into  the  Sylvian  fissure.  From  its  inner 
surface  there  arise  two  or  three  small  caudate  arteries,  which  pass  through  the 
inner  part  of  the  floor  of  the  Sylvian  fissure  to  the  head  of  the  caudate  nucleus  ; 
external  to  these  are  the  antero-lateral  arteries,  which  pass  through  the  anterior 
perforated  plate,  and  are  distributed  to  the  internal  capsule  and  the  outer 
part  of  the  caudate  nucleus.  Still  farther  out  is  a  larger  branch,  the  lenticulo- 
striate  artery  (fig.  768),  which,  piercing  through  a  hole  by  itself  at  the  outer  part 
of  the  anterior  perforated  plate,  is  distributed  to  the  lenticular  nucleus.  This 
has  the  unenviable  notoriety  of  being  the  most  frequently  ruptured  artery  in 
the  brain.  At  the  border  of  the  insula,  the  middle  cerebral  arteiy  divides  into 
four  branches  (fig.  766,  3,  3,  3,  3),  which  ramify  on  the  brain  surface — (1) 
frontal ;  (2)  opercular  branches  to  the  operculum  ;  (3)  temporal ;  and  (4)  angular 
branches — to  the  parts  of  the  surface  to  which  these  names  are  applied. 

The  area  of  supply  of  each  vessel  is  fairly  definite ;  the  minute  ganglionic  vessels  frecpiently 
present  miliary  aneurisms  of  their  coats  and  are  very  liable  to  disease,  as  probably  no  vessels 
in  the  body  are  exposed  to  greater  and  more  sudden  variations  of  blood  pressure.  The 
pathological  fact  that  embolic  clots  most  frequently  occlude  the  left  middle  cerebral  artery 
cannot  be  explained  on  any  theory  of  more  direct  exposure,  but  must  depend  upon  some 
physiological  condition  correlated  with  the  greater  motorial  activity  of  the  left  side. 

The  veins  of  the  brain  substance  do  not  accompany  the  arteries,  and  are 
about  two  and  a  quarter  times  moi'e  capacious  than  the  arteries.  Those 
visible  on  the  surface,  leaving  the  brain  to  empty  into  the  sinuses,  are  : — 

(A)  Superior  Cerebral  veins,  about  eight  in  number  on  each  side,  ending 
in  the  superior  longitudinal  sinus  (p.  532).  These  communicate  freely  with  each 
other  from  before  backwards  and  are  usually  frontal,  paracentral,  central,  and 
occipital.  (B)  Inferior  cerebral,  which  pass  from  the  base  of  the  cerebrum 
and  the  borders  of  the  Sylvian  fissure.  The  foremost  of  these  empties  into  the 
inferior  longitudinal  sinus  and  cavernous  sinus,  the  hindmost  into  the  lateral, 
close  to  the  parietal  angle,  one  usually  joins  the  superior  petrosal;  one  large 
vein  (vena  anastomotica)  from  the  outer  surface  of  the  operculum  passes  for- 
wards and  joins  the  cavernous  sinus  under  the  lesser  wing  of  the  sphenoid;  it 
often  communicates  with  the  superior  longitudinal  sinus  also,  by  joining  the 
vein  of  the  posterior  frontal  convolution  \  one  hinder  vein  winds  round  the  crus 
cerebri  and  joins  the  vena  Galeni  near  its  end.  The  cerebellar  Veins  are  (A) 
superior,  which  join  the  vense  Galeni  and  the  under  side  of  the  straight  sinus, 
and  (B)  inferior,  which  join  the  occipital  sinus  centrally  and  the  origin  of  the 
sigmoid  sinus  laterally. 

The  Vena3  Galeni,  whose  cut  mouths  have  been  already  noted,  are  the  chief 
outlets  for  the  venous  blood  of  the  parts  bounding  the  ventricles.  There  are  no 
valves  in  the  intracranial  veins. 

The  vessels  in  the  brain  are  surrounded  by  perivascular  and  parietal  lymph 
sheaths  (p.  88),  which  act  as  lymphatic  channels  and  carry  the  lymph  to  the 
brain  surface ;  here  they  communicate  with  the  great  subarachnoid  and  sub- 
dural spaces,  which  are  really  great  lymph  spaces,  and  from  which  the  lymph  is 
carried  back  into  the  circulation.  There  is  also  a  perineural  lymph  sheath 
around  every  nerve. 

Remove  the  arachnoid  and  pia  mater  from  one  hemisphere  of  the  cerebrum  and  place  the 
brain,  base  downwards,  on  a  bed  of  tow,  wet  with  spirit,  on  a  plate. 

539.  THE  CEREBRUM  is  an  ovate  mass,  making  up  six-sevenths  of  the 
whole  brain,  divided  into  two  hemispheres  by  a  median  longitudinal  fissure  (fig. 
769),  whose  floor  is  formed  by  the  great  transverse  commissure,  the  corpus 
callosuni.  The  surface  consists  of  grey  nerve  matter,  and  is  irregular,  either 
raised  into  tortuous  gyri,  the  convolutions,  or  depressed  into  involutions  or 
fissures.     By  this  arrangement  the  superficial  area  is  enormously  extended,  and 
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the  actual  surface  is  five  and  a-quarter  times  what  it  would  be  were  the  surface 
smooth.  By  this  arrangement  the  size  and  area  are  enormously  extended. 
The  convolutions  are  generally  symmetrical  in  plan  on  the  two  sides,  although 
there  is  rarely  an  identity  in  detail.  It  is  doubtful  how  far  there  is  a  con- 
stancy of  position  of  any  given  group  of  nerve  cells,  but  it  is  possible  that, 
while  each  group  occupies  a  definite  position  with  regard  to  its  neighbours, 
yet  on  account  of  the  varying  development  of  the  several  areas,  the  absolute 
sites  of  each  group  are  not  quite  as  constant  as  their  relative  positions,  and 
that  a  group  which  in  one  brain  occupies  the  crest  of  a  convolution  may  be  in 
another  on  the  slope  or  even  in  the  trough  between  two  gyri. 


Fig.  769. — View  of  the  convolutions  of  the  upper  surface  of  the  cerebrum — F,  frontal  lobe; 
P,  parietal  lobe  ;  0,  occipital  lobe  ;  A.B.,  opercular  lobe.  The  convolutions  are  marked 
with  capitals,  the  fissures  with  minuscules. 

The  depths  of  the  sulci  and  the  patterns  of  the  convolutions  are  expressions 
of  the  relative  rates  of  growth  of  different  areas  of  the  surface ;  their  order  of 
development  in  the  individual  is  an  interesting  historical  indication  of  the  pro- 
gressive evolution  of  the  successive  areas.  Certain  infoldings  are  early  and 
constant,  and  form  important  land-marks,  dividing  the  surface  into  areas  called 
lobes.  It  must  be  borne  in  mind  that  these  are  only  surface  markings,  and 
have  only  a  morphological  significance  as  far  as  they  are  expressions  of  the 
rates  of  growth  of  definite  areas  of  cells. 

The  fissures  of  primary  importance  on  the  cerebral  surface  are  : — 
I.  The  median  longitudinal,  dividing  the  two  hemispheres,  floored  by 
the  corpus  callosum. 
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II.  The  incisura  pallii  or  interval  between  the  cerebrum  and  cerebellum, 
though  really  not  a  fissure  in  the  strict  sense  of  the  word  yet  is  often  described 
as  the  great  transverse  fissure  of  the  cerebrum,  it  indents  the  cerebrum 
postei'iorly  between  the  hemisphere  and  the  thalamic  region  and  into  it  is 
interjected  that  great  pouch  of  pia  mater  the  maPSUpium  cerebri  or  choroid 
plexus  and  velum  interpositum.  Its  existence  is  due  to  the  back-folding  of  the 
cerebral  hemispheres  over  the  inter-brain. 

III.  On  each  hemisphere  the  most  important  fissure  is  the  Sylvian  (fig. 
770,  s).  This  is  tripartite,  and  has  originated  in  the  beginning  of  the  fifth  month 
by  the  formation  of  a  sulcus  marking  off  the  part  of  the  brain  surface  external  to 
the  corpus  striatum  from  the  surrounding  area  of  the  hemisphere.  The  ring  of 
hemisphere  around  the  central  lobe  thus  isolated  rises,  leaving  this  part  as  the 
floor  of  a  fossa,  the  fossa  Sylvii,  which  eventually  becomes  covered  in  by  the 
ovei'growth  of  its  margins.  The  portion  of  the  hemisphere  below  rises  and 
forms  the  temporal  lobe  ;  the  portion  above  it  descends  as  the  operculum, 


Fig.  770. — View  of  the  convolutions  on  the  outer  side  of  the  left  cerebral  hemisphere — 

references  as  in  last. 

and  lies  on  the  face  of  the  central  lobe,  coming  in  contact  below  with  the  tem- 
poral lobe,  and  forming  with  it  the  two  lips  of  the  Sylvian  fissure  S',  while  the 
part  in  front  (frontal  lobe)  grows  backwards  and  completes  the  covering  in  of 
the  central  lobe. 

The  Sylvian  is  thus  really  a  system  of  three  fissures — a  longitudinal  or  temporo-opercular, 
a  short  anterior  transverse  or  fronto-opercular,  and  a  hidden,  sagittally  placed,  vertical 
fissure,  the  operculo-insular,  continued  upwards  from  the  deep  surface  of  the  temporo- 
operctdar. 

IV.  The  calloSO-marginal  fissure  on  the  internal  surface  of  each  hemi- 
sphere (fig.  771,  cm)  can  best  be  seen  at  a  later  stage  when  the  upper  part  of  one 
hemisphere  is  removed.     It  begins  anteriorly  at  the  front  and  lowest  end  of  the 
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corpus  callosuin  (ib.,  CC),  and  ascends  at  first  forwards,  then  turns  backwar-ds, 
finally  ascending  to  the  upper  surface  of  the  hemisphere  in  the  region  of  the 
obelion,  at  the  edge  of  the  great  longitudinal  fissure  (fig.  769,  cm). 

V.  The  parietooccipital  sulcus,  also  on  the  inner  surface  (fig.  771,  Po), 
begins  superiorly  at  the  edge  of  the  longitudinal  fissure  behind  the  calloso- 
marginal  (fig.  769,  Po)  and  descends  on  the  inner  surface  of  the  hemisphere 
behind  the  level  of  the  posterior  end  of  the  corpus  callosum. 

VI.  On  the  outer  surface  of  the  hemisphere  a  deep  SlllCUS  Centralis 
(Rolandian)  passes  coronally  from  the  neighbourhood  of  the  longitudinal  fissure 
outwards,  forwards,  and  downwards,  in  the  middle  of  the  operculum,  but  not 
communicating  either  with  the  Sylvian  or  the  longitudinal  fissures  (fig.  770,  c). 

In  the  interval  between  these  primary  fissures  there  are  a  number  of 
secondary  sulci,  much  less  definite,  and  in  some  sort  collateral  to  them ;  two 
such  sulci  begin  near  the  Sylvian  end  of  the  Rolandian  fissure  in  the  operculum, 
one  in  front  and  one  behind,  but  neither  communicating  with  it.  The  former 
of  these,  the  outer  frontal  SlllCUS,  passes  upwards  and  forwards  (fig.  770,  f2) ; 
the  latter,  or  intraparietal,  passes  upwards  and  backwards,  ending  behind 
the   parieto-occipital  sulcus  (ip).     A  third   secondary  sulcus,  the  superficial 


Fig.  771. — View  of  the  convolutions  on  the  inner  (longitudinal  fissure)  side  of  the  right 
cerebral  hemisphere,  the  left  side  of  the  hemisphere  having  been  taken  away — CC, 
corpus  callosum  sagittally  divided  ;  Oz,  cuneus  ;  T4,  fusiform  convolution  ;  T5,  lingui- 
form  convolution. 

temporal,  indents  the  temporal  lobe  parallel  to  the  lower  edge  of  the  Sylvian 
fissure  (ib.,  ^)  3  a  fourth,  the  calcarine  (fig-  771,  oc)  extends  horizontally 
backward  to  the  hindmost  part  of  the  hinder  lobe  on  the  inner  surface,  com- 
municating with  the  parieto-occipital,  and  stretching  also  forwards  in  front  of 
this  towards,  but  not  to,  the  crus  cerebri ;  a  fifth,  the  hippocampal,  coasts  in 
a  curve  along  the  edge  of  the  transverse  fissure,  of  which,  indeed,  it  is  the  lateral 
part  (fig.  771,  h)  ;  a  sixth,  or  Olfactory,  holds  the  olfactory  nerve  beneath  the 
frontal  lobe  (fig.  765,  I);  and  external  to  this  a  seventh  group  of  fissures, 
somewhat  like  an  oblique  broken  H  with  curved  sides,  the  supraorbital  Sulci, 
marks  the  under  side  of  the  frontal  lobe  (fig.  772,  TE). 

An  eighth,  the  internal  frontal  (fig-  769,/^,  lies  roughly  parallel  to  the 
longitudinal  fissure  in  front  of  the  central  lobe  and  internal  to  the  external 
frontal  fissure ;  a  ninth,  or  inferior  temporal,  lies  below  and  parallel  to  the 
superior  temporal  fissure,  and  is  often  double  (fig.  770,  t2);  a  tenth,  or  OCCipitO- 
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temporal,  lies  below  this  on  the  under  side  of  the  cerebrum  as  it  overlaps  the 
cerebellum,  extending  from  the  hinder  part  of  this  surface  forwards  to  the  front 
of  the  temporal  lobe  (fig.  771,  over  T4). 

An  eleventh  fissure,  often  irregular  in  length  and  connections,  appears  at 
the  end  of  the  interparietal  as  a  coronally  directed  slit,  the  external  occipital. 

Besides  these  there  are  numerous  irregular  tertiary  fissures,  scarcely  worthy 
of  separate  names,  as  they  are  inconstant  and  usually  unsymmetrical. 

By  these  fissures  the  cerebral  surface  is  mapped  out  into  lobes,  the  lobes 
divided  into  primary  convolutions,  and  these  still  farther  and  more  irregularly 
divided.     The  lobes  are  : — 

I.  Opercular,  the  area  around  the  central  or  Rolandian  fissure  (fig.  Tjo,. 
A  B),  consisting  of  the  following  convolutions  : — 

1.  Precentral  (ascending  frontal),  which  forms  the  anterior  lip  of  the 
central  fissure  (fig.  770,  A). 

2.  Postcentral  (ascending  parietal),  which  forms  the  hinder  lip  of  this 
sulcus  (ib.,  B). 

3.  Paracentral,  or  the  bridge  separating  the  inner  end  of  the  central  fissure 
from  the   longitudinal,  and  which  extends  on  the  inner  surface  of  the  hemi- 
sphere downwards,  to  be  bounded  behind 
by  the  calloso-marginal  fissure  as  it  turns 
upwards  (fig.  771,  below  c). 

4.  Infracentral,  which  forms  the  upper 
lip  of  the  Sylvian  fissure  below  the  outer 
end  of  the  central  fissure  (fig.  770,  S"S'). 
In  this  lobe  are  contained  those  areas, 
stimulation  of  which  causes  motion.  The 
areas  correlated  with  facial  movements  are 
at  the  anterior  part  of  the  infracentral 
gyrus;  those  for  the  arm  in  the  middle  por- 
tions of  the  anterior  and  posterior  central ; 
those  for  the  leg  in  the  paracentral  and  the 
contiguous  parts  of  the  two  centrals. 

II.  Frontal  lobe,  consisting  of  the 
portion  of  cerebrum  in  front  of  the  oper- 
culum (fig.  770,  F),  viz.: — 

1.  The  superior  frontal  convolution  be- 
tween the  longitudinal  fissure  and  the 
superior  frontal  sulcus  (ib.,  Fa). 

2.  The  middle  frontal  between  the  supe- 
rior and  middle  frontal  sulci  (ib.,  F2). 

3.  The  inferior  frontal  between  the  in- 
ferior frontal  sulcus  and  the  anterior  Sylvian 


Fig.  772. — View  of  the  convolutions  on 
the  under  side  of  the  frontal  lobe,  the 
operculo-insular  fissure  being  opened 
between  C  and  1,  4,  5. 


fissure  (ib.,  F3),  around  which  it  is  continued 


by  a  process,  the  transitive  gyrus,  to  join  the 
precentral,  with  which  all  these  three  con- 
volutions are  continuous.  The  superior 
frontal  is  continuous  round  the  front  end  of  the  cerebrum  with  the  gyrus 
rectus  or  convolution  which  lies  internal  to  the  olfactory  nerve  on  the  under 
side  (fig.  772,  17).  The  middle  is  continuous  with  the  inner  supraorbital  con- 
volutions which  lie  between  the  olfactory  and  the  supraorbital  sulci  (fig.  772, 
0,  1'"),  the  inferior  with  the  external  supraorbital  convolutions  (ib.,  1,  1"). 
III.  The  parietal  lobe  is  small  and  consists  of : — 

1.  The  precuneus  or  convolution  on  the  inner  surface  between  the  calloso- 
marginal  and  the  parieto-occipital  fissures  (fig.  771,  Pi). 

2.  The  superior  parietal  convolution,  the  continuation  of  this  on  the  outer 
surface  of  the  cerebrum  to  the  interparietal  fissure  (fig.  770,  Pi). 
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3.  The  inferior  parietal  or  angular  convolution,  which  lies  below  the  inter- 
parietal fissure,  and  which  surrounds  the  upper  extremity  of  the  Sylvian 
fissure,  joining  (4)  the  supramarginal  (fig.  770,  S')  in  front  to  the  superior 
temporal  below  and  behind  (fig.  770,  P0,  P2'). 

5.  The  callosal  convolution  or  gyrus  cinguli  which  lies  between  the  calloso- 
marginal  convolution  and  the  edge  of  the  corpus  callosum  (fig.  771,  Gf).  This  is 
an  errant,  forward  continuation  of  this  lobe,  embracing  the  corpus  callosum. 
By  some  this  convolution,  together  with  the  structures  about  the  septum 
pellucidum  and  the  olfactory  nerve,  are  regarded  as  a  separate  lobe,  the  limbic. 

IV.  Temporal  lobe,  or  that  below  the  Sylvian  fissure,  consists  of  four  or 
five  nearly  parallel  convolutions,  the  first,  second,  third,  and  fourth  temporal, 
separated  from  each  other  by  the  first,  second,  third,  and  fourth  temporal 
fissures.  These  are  confluent  anteriorly,  and  the  innermost,  or  that  internal  to 
the  occipito-temporal  sulcus  is  continuous,  not  only  with  the  occipital  lobe 
behind,  but  with  the  calloso-marginal  above.  As  this  ends  anterioidy  in 
a  hook-like  process,  it  is  called  the  uncinate  gyrus  (fig.  771,  U). 


superior  frontal 
fissure. 


front  edge  of  anterior 
central  convolution. 
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convolution. 
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middle  frontal 

convolution. 
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Fig.  773. — Drawing  of  cast  prepared  by  Professor  Cunningham  to  illustrate  cranio-cerebral 
topography.     Drawn  by  kind  permission  of  Professor  Cunningham. 

V.  Occipital  lobe,  marked  off  from  the  parietal  by  the  parieto-occipital 
fissure  internally,  but  only  imperfectly  isolated  externally  by  the  variable 
external  occipital  fissure.  The  portion  between  the  parieto-occipital  and  the 
calcarine  sulci  appears  as  a  wedge  on  the  inner  surface  of  the  hemisphere,  and 
is  called  the  cuneus  or  internal  occipital  convolution  (fig.  771,  Oi).  A  very 
obscurely  marked  middle  (fig.  770,  00)  and  an  external  occipital  (fig.  77°>  O3)  con- 
volution  can  sometimes  be  distinguished,  formed  by  those  portions  of  the  occipito- 
temporal and  inferior  temporal  convolutions  which  lie  behind  the  level  of  the 
external  occipital  fissure. 

VI.  The  lobus  centralis  or  insula  (fig.  772,  G),  shown  by  separating  the  lips 
of  the  Sylvian  fissure,  is  marked  by  four  slightly  diverging  fissures  marking  out 
five  convolutions,  first,  second,  third,  fourth,  and  fifth  of  the  central  lobe. 
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None  of  these  lobes  are  isolated;  indeed,  the  limits  of  the  lobes  are  largely 
arbitrary,  those  of  the  convolutions  being  also  artificial.  The  lobes  are  specially 
united  by  certain  bridging  convolutions.  Thus,  the  three  frontal  convolutions 
by  their  hinder  ends  are  confluent  with  the  precentral  convolution.  The 
opercular  lobe  is  joined  to  the  parietal  above  and  below  the  interparietal  fissure. 
The  parietal  and  occipital  are  joined  at  the  upper  and  outer  point  of  the 
parieto-occipital  fissure  by  a  superior  annectent  gyrus,  which  join  the  superior 
occipital  and  the  interparietal  convolutions.  The  angular  gyrus  unites  with 
the  middle  occipital  by  a  second  annectent  gyrus  and  with  the  external  occipital 
by  a  third  below.  This  last-named  convolution  is  united  to  the  second 
temporal  convolution  below  the  parallel  sulcus  by  a  fourth  annectent  gyrus  ;  a 
fifth  annectent  gyrus  lies  on  the  lower  surface,  passing  from  the  lower  part  of 
the  third  occipital  to  the  third  temporal  (fig.  771,  T4). 

540.  CRANIO-CEREBRAL  TOPOGRAPHY.— The  mid-point  of  the  parietal 
eminence  corresponds  to  the  supramarginal  gyrus  behind  the  posterior  central 

convolution ;  the  mid-point  of 
the  frontal  eminence  to  the 
outer  border  of  the  superior 
frontal  convolution.  The  ver- 
tical interauricular  line  cuts 
the  lower  border  of  the  an- 
terior central  convolution  in 
front  of  the  fissure  of  Rolando. 
The  point  of  intersection  of 
the  auriculo-bregmatic  line, 
with  a  line  joining  the  ste- 
phanion  and  the  asterion, 
marks  the  lower  end  of  this 
fissure.  The  recent  develop- 
ment of  intracranial  surgery 
has  led  to  the  need  for  the 
clearer  definition  of  the  rela- 
tive positions  of  the  convo- 
lutions, with  regard  to  surface 
markings ;  but  most  of  the 
systems  hitherto  suggested  are 
too  artificial  and  based  upon 
the  examination  of  too  few 
brains.  A  more  extensive 
experience  shows  that  the 
relation  of  the  convolutions  to 
surface  markings  are  variable 
within  veiy  wide  limits,  not 
only  at  different  ages  and  in 
the  two  sexes,  but  in  different 
individuals  of  the  same  age  and 
sex.  The  points  here  given,  therefore,  although  taken  from  a  large  number  of 
heads,  can  only  be  relied  on  as  average  approximations.  The  anterior  external 
angle  of  the  Sylvian  fissure  corresponds  to  the  pterion,  and  begins  about  3  cm. 
behind  and  1*4  cm.  above  the  hinder  border  of  the  external  angular  malo-frontal 
suture,  and  its  hinder  end  is  placed  in  front  of  the  line  drawn  coronally  from 
asterion  to  asterion,  and  below  the  sagittal  line  drawn  horizontally  through  the 
stephanion  to  cut  this ;  its  ascending  limb  passes  upwards  nearly  parallel 
to  the  coronal  suture  and  5  mm.  behind  it.     In  general,  a  line  drawn  on  the 


Fig.  774. — Diagram  to  illustrate  cranio- cerebral  topog- 
raphy, devised  by  Dr.  Reid,  +  parietal  eminence ; 
a,  inferior  boundary  of  parietal  lobe ;  b,  posterior 
boundary  of  occipital  lobe.  The  line  of  the  Rolandiau 
fissure  is  a  little  too  far  forward,  and  the  angle 
between  the  Rolando-auricular  and  the  ecto-cantho- 
Rolandian  lines  is  too  wide  ;  it  rarely  exceeds  700. 
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side  of  the  head  from  the  nasion  to  the  lambda  corresponds  to  the  line  of  the 
Sylvian  fissure.  If  a  line  be  drawn  from  the  external  angular  process  to  the 
occipital  protuberance,  and  a  second  from  a  point  on  the  line,  3  cm.  behind  the 
former  process,  to  a  point  1  cm.  below  the  most  prominent  point  of  the  parietal 
eminence,  it  generally  marks  the  edge  of  the  temporo-sphenoidal  lobe  bordering 
this  fissure.  A  line  from  the  external  angular  process  to  the  lambda  is  parallel 
to  the  first  temporal  sulcus.  A  line  from  the  stephanion  to  the  middle  of  the 
zygoma  marks  usually  the  front  of  the  Sylvian  fissure  and  its  anterior  portion. 
The  central  or  Rolandian  fissure  begins  at  a  point  55-6  per  cent,  of  the 
whole  arc  from  the  nasion  to  the  inion.  It  descends  for  about  85  cm.  in  an 
oblique  line,  which,  when  drawn  on  the  head,  makes  an  angle  of  650  with  the 
sagittal  median  line;  the  commencing  point  being  1  cm.  from  the  middle  line. 
Its  lower  end  is  a  little  more 
vertical  and  runs  in  the  plane 
of  a  coronal  line  drawn  from 
the  hinder  level  of  the  top 
of  the  concha,  when  the  ear 
is  drawn  as  far  forwards  as 
possible,  to  its  fellow  of  the 
opposite  side.  The  anterior 
central  convolution  occupies 
the  strip  2  cm.  wide  in  front 
of  this.  The  parieto-occipital 
fissure  runs  outwards  at  right 
angles  with  the  median  line 
5  mm.  in  front  of  the  lambda, 
and  the  calloso-marginal 
reaches  the  surface  opposite 
the  obelion.  The  student 
should  practise  drawing  these 
lines  on  the  skull  and  on  the 
living  head. 

The  superior  frontal  sulcus 
starts  from  the  level  of  the 
supraorbital  notch,  and  ex- 
tends to  1  cm.  in  front  of  the 
Rolandian  line. 

In  skulls  of  different  shapes 
these  lines  are  liable  to  be 
displaced  —  generally  speak- 
ing, the  line  of  the  Sylvian 
fissure  is  higher  in  the  child  than  in  the  adult,  and  higher  in  the  female 
than  in  the  male.  The  Rolandian  fissure  is  farther  back  in  the  infant  at 
birth ;  both  fissures  form  smaller  angles  with  the  horizontal  plane  in  dolicho- 
than  in  brachycephalic  heads.  In  correlating  these  structures  it  must  be 
remembered  that  the  three  factors  of  skin  marking,  bone  processes,  and  brain 
convolution,  are  all  liable  to  independent  variations,  although  definite  areas 
of  brain  surface  and  of  bone  surface  are  usually  correlated ;  but  the  student 
can    easily    ascertain   the   usual   relations   by  the  simple   method   of  making 
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Fig.  775. — Vascular  supply  of  cerebral  convolution — 
1,  medullary  arteries;  2,  arteries  of  the  grey  cortex 
cerebri ;  a,  wide-meshed  plexus  in  superficial  layer ; 
b,  closer  plexus  in  middle  layer  ;  c,  wide  plexus  in 
deep  layer  ;  d,  vessels  in  white  matter. 


marked    spots    on    the    surface,    and    marking    the 
All    systems  of  definite  measurements   must   be 


several  trephine  holes  at 
brain  surface  so  exposed, 
taken  with  limitations. 

The  interparietal  fissure  begins  on  the  line  carried  across  the  head  in  the 
coronal  plane  from  the  hinder  border  of  the  root  of  one  ear  cartilage  to  that 
of  the   opposite;   starting    1    cm.    above   the  Sylvian  line,  it  forms   a   curve 
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concave  downwards,  and  ends  midway  between  the   lambda  and  the  parietal 
eminence. 

541.  MINUTE  STRUCTURE  OF  CERE- 
BRAL CORTEX. — In  structure  a  convolution 
of  the  cerebrum  consists  of  a  grey  cortex  and  a 
white  core  (fig.  775).  The  cortex  is  about  3 
mm.  thick,  and,  even  to  the  naked  eye,  appears 
obscurely  stratified,  darker  and  lighter  bands 
alternating  on  the  face  of  a  section. 

A  section  shows  the  following  layers  (figs. 
776,  777):— 
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Fig.  776. — Cortex  of  central  lobe — 1,  super- 
ficial layer,  with  only  a  few  scattered  cells 
in  nmch  neuroglia;  2,  a  layer  of  closely- 
set  small  pyramidal  cells ;  3,  layer  of  large 
pyramidal  cells;  4,  a  narrow  layer  of  gran- 
ular ganglionic  cells,  with  large  pyramidal 
cells  in  cell  clusters ;  5,  a  layer  of  fusifonn 
branched  cells  hying  parallel  to  surface  of 
convolution  ;  6,  the  white  substance. 


Fig.  777. — Vertical  section  of  frontal  con- 
volution— P,  pia  mater  ;  a,  neuroglia  ;  b, 
medullated  fibres  parallel  to  surface,  and 
tangential  to  curve  of  contour  of  convolu- 
tion ;  c,  decussating  medullated  fibres  ;  d, 
layer  of  small  cells,  with  netted  medullated 
fibres ;  e,  layer  of  large  pyramidal  cells,  with 
interstitial  radial  bundles  of  medullated 
fibres;  f,  dark  band,  deuse  at  h;  i,  medul- 
lated white  fibres,  continuous  with  those 
of  k,  the  white  nerve  matter. 
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1.  A  superficial  layer  of  neuroglia  beneath  the  pia  mater,  and  of  supporting 
processes  elongated  therefrom.  This  layer  contains  near  its  surface  an  inter- 
rupted layer  of  medullated  nerve  fibres,  mostly  fine,  and  running  parallel  to 
the  surface ;  a  few  pyramidal  small  cells  are  scattered  among  the  deepest  of 
these  fibres,  and  a  loose-meshed  capillary  plexus  pervades  it. 

2.  A  stratum  of  small,  closely-packed  angular  cells.  This  layer  is  said  to 
be  thicker  in  the  so-called  sensory  convolutions,  and  its  deeper  portion  is 
traversed  by  a  plexus  of  white  fibres,  which  are  arranged  in  interlacing  bundles. 

3.  A  thicker  layer  of  larger  pyramidal  cells,  whose  pointed  extremities  are 
directed  towards  the  surface.     They  are  in  many  layers  in  the  opercular  lobe, 

Cop 
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Fig.  778. — Median  sagittal  section  of  brain — FM,  foramen  of  Monro;  Ccl1,  rostrum  of  corpus 
callosum ;  Ccl'-,  genu ;  Ccl3,  upper  surface ;  Ccl4,  splenium  of  corpus  callosum ;  Cba, 
peduncles  of  corpus  callosum ;  Coa,  anterior  commissure ;  Let,  lamina  cinerea  terminalis ; 
II,  optic  nerve ;  II1,  chiasma  cut  through  ;  H,  pituitary  body  ;  Tc,  tuber  cinereum  ; 
Cca,  corpus  mammillare  ;  P,  pons  ;  Mo,  medulla  oblongata  ;  Vq,  fourth  ventricle  ;  Ftp, 
vallecula;  Cbl,  cerebellum;  Vma,  valve  of  Vieussens ;  Fta,  incisura  pallii ;  A,  Sylvian 
aqueduct;  Lq,  optic  lobe;  Cn,  pineal  body;  Cop,  posterior  commissure;  SM,  sulcus  of 
Monro;  Com,  soft  commissure ;  SI,  septum  pellucidum. 

in  which  the  deeper  layers  of  cells  are  the  larger.  The  cells  are  separated  by 
granular  matter,  traversed  by  bundles  of  radially  disposed  medullated  fibres. 
In  the  occipital  region  there  are  few  very  large  cells,  and  the  series  is  divided 
into  two  parts  by  an  intermediate  layer  of  granule-like  cells.  In  the  opercular 
and  hippocampal  convolutions  there  is  a  deep  layer  of  very  large  branched  cells 
(ganglion-cell  layer).  This  layer  is  traversed  by  a  close-meshed  capillary  plexus 
-of  blood-vessels,  and  at  its  base  is  a  dense  network  of  white  fibres,  giving  the 
appearance  of  a  light  streak  between  two  dark  bands.  The  differences 
observed  in  different  regions  are  largely  in  the  relative  abundance  of  the  cells, 
not  real  differences  of  kind,  as  far  as  has  been  as  yet  ascertained. 
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4.  Beneath  this  is  a  narrow  granular  layer  of  small  branched  cells  with, 
especially  in  the  motor  convolutions,  a  few  larger  cells,  around  which  clusters 
of  smaller  cells  are  accumulated.  Here  the  white  fibres  traversing  the  layer 
are  thicker  with  increased  number  of  radial  fibres,  and  the  tissue  is  pierced 
by  a  wider  meshed  plexus  of  capillaries. 

5.  The  deepest  layer  is  one  of  fusiform,  branched  cells,  under  which  is  the 
white  matter,  whose  fibres  lose  their  myeline  as  they  enter  the  cortex  and 
radially  pass  between  the  cells. 

The  cells  characteristic  of  the  cerebral  cortex  are  pyramidal,  of  very  varying 
sizes  (fig.  776,  4);  each  cell  presents — (1)  an  apical  process,  often  long  and 
directed  towards  the  surface,  often  thickening  at  its  end  ;  (2)  a  median  basilar 
axis-cylinder  process ;  (5)  lateral  branching  processes,  which  by  their  interlace- 
ment make  much  of  the  ground  plexus  of  fibrils.     Each  cell  has  a  pericellular 


nucleus  caudatus. 

corpus  callosum.  . 

fornix, 
corpus  callosum. 

internal  capsule. 

optic  thalamus.  - 

soft  commissure.    . 

external  capsule.  - 

clauslrum.  - 


opercular  lobe. 


temp. 


Fig-  779- — Coronal  section  of  right  cerebral  hemisphere  in  front  of   the  soft  commissure, 
hinder  fragment — 1,  putamen  of  lenticular  nucleus  ;  2,  3,  globus  pallidus. 

lymph  space  around  it,  and  each  vessel  has  a  perivascular  lymph  sheath.  The 
cortex  is  pierced  by  medullary  arteries  passing  through  it  to  the  white  matter, 
but  each  branch  passing  in  from  the  pia  mater  is  independent  of  its  neighbours 

(fig-  775)- 

The  white  matter  Of  the  Cerebrum  consists  of  flattened  bundles  of 
medullated  fibres  passing  in  many  directions,  whose  fascicles  may  be  grouped 
into  the  following  series  : — 

A.  Short  fibres  from  one  cerebral  convolution  to  its  neighbouring  gyri 
around  the  floor  of  each  involution. 

B.  Longer  fibres  passing  from  one  convolution  to  another  on  the  same  side. 
Of  these  there  are  several  sets — 

1.  The  cingulum,  a  white  band  in  the  gyrus  cinguli  connecting  this  con- 
volution to  the  hippocampal  and  uncinate  gyri. 

2.  The  arcuate  fascicle,  passing  from  the  operculum  over  the  lenticular 
nucleus  to  the  temporal  lobe. 
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3.  The  inferior  longitudinal  fascicle  in  the  occipitotemporal  convolution. 

4.  The  uncinate  fascicle  passing  from  the  olfactory  nt rve  backwards  to  the 
uncinate  gyrus,  external  to  the  anterior  perforated  plate.  Its  inner  continua- 
tion within  the  brain  cavity  appears  as — 

5.  The  fornix,  to  be  traced  subsequently. 


Septum  lucidum 
Oolumnae  fornicis. 

Corpus  striatum. 
Stria  terminalis. 
Thalamus  opticus. 


Brachiuni  conjunc- 
tivuin  anticum. 
Peduuculus  cerebri. 

'  ad  corpora 
quadrige- 
miua. 
Crus       J  ad  medullam 
jarebelli  |       oblongatain 


.  ad  pontem 


Cornu  anticum. 


Caput  nuclei  c&udatl 


Nucleus  lentiformii. 
Claustrum. 


Capsula  Interna 
(posterior  limb). 
Thalamus  option 

Corpus  genlculsv 
tum  medial*. 

Caudate  nucleus 


Hippocampus. 


Calcar  avis. 


Occipital  lobe. 

Funiculus  cuneatua 
Funiculus  gracilis. 

Fig.  780. — Horizonta    section  of  cerebrum,  showing  the  Hoor  of  the  lateral  ventricle  on  the 
left  side,  and  the  structure  of  the  corpus  striatum  and  optic  thalamus  on  the  right. 

0.  Fibres  joining  one  hemisphere  with  the  other.     The  commissures. 

D.  Fibres  joining  the  cerebral  hemispheres  with  the  deeper  parts  of  the 
neural  tube.     These  two  sets  of  fibres  cannot  yet  be  seen. 

Divide  the  substance  of  the  right  hemisphere  horizontally  a  little  above  the 
level  of  the  corpus  callosum. 


jl2  CORPUS    CALLOSUM. 

Thereby  is  shown  a  white  central  mass,  the  centrum  ovale  minus, 
surrounded  by  a  wavy  border  of  grey  matter.  By  removing  another  slice  to 
the  level  of  the  top  of  the  corpus  callosum,  the  half  of  the  centrum  Ovale 
majus  is  brought  into  view,  which  consists  of  the  white  centre  of  the 
hemisphere  centrally  united  to  its  fellow  by  the  corpus  callosum. 

542.  THE  CORPUS  CALLOSUM  (figs.  778,  779,  780)  is  a  great  white 
commissure,  consisting  of  transverse  fibres  joining  together  one-seventh  of  the 
opposed  surfaces  of  the  two  hemispheres.  It  begins  below  in  front  of  the  optic 
commissure  in  a  weak  process,  the  rostrum,  which  is  posteriorly  continuous 
with  the  remains  of  the  lamina  terminalis  (fig.  778,  Ocl1)  It  expands  forwards 
and  turns  at  first  upwards  and  then  backwards,  making  thus  a  bend,  the 
genu  (ib.,  Ocl2).  From  this  it  extends  backwards,  and  ends  in  a  similar  but 
sharper  double  on  itself,  the  splenium  (ib.,  Ccl4).  The  genu  is  3  cm.  from  the 
anterior  extremity  of  the  cerebral  hemisphere,  the  splenium  is  7  cm.  from  the 
hinder  end,  and  the  whole  length  of  the  corpus  callosum,  measured  along  its 
surface,  is  about  10  cm.  This  commissure  is  overlapped  on  each  side  by  the 
gyrus  cinguli,  between  whose  lower  border  and  the  surface  of  the  corpus 
callosum  there  is  a  slit-like  recess,  the  sulcus  Corporis  callosi. 

On  the  surface  of  the  corpus  callosum  there  are  a  few  longitudinal  fibres 
visually  arranged  in  three  bands  (fig.  780).  The  median  band  is  called  the 
raphe,  and  on  each  side  of  it  the  surface  of  the  corpus  callosum  is  often 
irregularly  indented  by  the  anterior  cerebral  artery  in  the  hardened  brain, 
but  never  in  the  recent  state.  On  each  side  there  is  a  lateral  band  under 
cover  of  the  gyrus  cinguli,  the  stria  ODtecta.  Between  these  the  transverse 
fibres  appear  on  the  surface. 

The  transverse  fibres  of  the  corpus  callosum  extend  into  the  centrum  ovale 
majus  on  each  side.  Those  from  the  genu  are  curved  forwards  into  the  frontal 
lobe,  with  a  concavity  inwards  (forceps  minor) ;  those  from  the  splenium 
are  similarly  curved  into  the  occipital  lobe  (forceps  major).  The  expansion 
in  front  of  the  forceps  major  is  the  tapetum,  consisting  of  the  fibres  from 
the  body  of  the  corpus  callosum  expanded  over  the  lateral  ventricle  into  the 
front  of  the  occipital  and  temporal  lobes.  The  peduncles  of  the  corpus 
callosum  are  two  white  bands  continued  outwards  from  the  rostrum,  one  on 
each  side,  to  the  commencement  of  the  Sylvian  fissure  (fig.  778,  Cba). 

The  convergence  of  the  fibres  of  the  forceps  causes  the  thickening  of  each 
end  of  the  corpus  callosum.  On  each  side  the  fibres  are  covered  by  the 
cingulum. 

Divide  the  corpus  callosum  sagittally  a  little  on  the  right  side  of  the  raphe 
and  raise  that  side  as  a  flap;  the  right  lateral  ventricle  is  thereby  opened. 

543.  THE  LATERAL  VENTRICLES  are  symmetrical  cavities,  extending 
forwards  and  outwards  into  the  frontal,  backwards  into  the  occipital,  and 
downwards  into  the  temporal  lobes ;  each  is  consequently  three-horned.  It 
is  the  remains  of  the  original  cavity  of  outgrowth  from  the  side  of  the  anterior 
cerebral  vesicle  (p.  57),  and  is  lined  by  a  layer  of  ependyma  derived  from  the 
primitive  surface  layer  of  the  epiblast. 

The  anterior  cornu  of  the  lateral  ventricle  (fig.  780)  lies  beneath  the  corpus 
callosum,  and  behind  the  lateral  extension  of  its  genu,  and  it  ends  in  a  pointed 
extremity  directed  downwards  and  outwards.  On  its  floor  and  external  wall 
is  the  front  end  of  a  large  pear-shaped  grey  mass,  the  nucleus  caudatUS  ; 
internally,  it  is  separated  from  its  fellow  by  a  thin  partition,  the   septum 

pellucidum  or  lueidum. 

The  body  or  middle  portion  of  the  ventricle  is  a  cavity  with  a  curved  axis 
extending  for  the  length  of  the  corpus  callosum,  and  continued  downwards  and 
outwards,  as  the  middle  cornu,  into  the  temporal  lobe.     It  is  roofed  by  the 
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corpus  callosum  and  the  outgoing  tapetum,  and  presents  on  its  floor  a  series  of 
important  projections.  These  from  before  backwards  are  (1)  the  hinder  part  of 
the  nucleus  caudatus ;  (2)  the  taenia  semicircularis  ;  (3)  the  optic  thalamus;  (4) 
the  choroid  plexus ;  (5)  the  fornix ;  (6)  the  taenia  hippocampi ;  (7)  the  cornu 
ammonis  (hippocampus  major) ;  (8)  the  eminentia  collateralis. 

The  inner  wall  is  the  opening  into  the  anterior  part  of  the  third  ventricle 
or  cavity  of  the  cerebral  vesicle  and  the  slit-like  edge  of  overlap  where  the 
fornix  becomes  adherent  to  the  overlying  corpus  callosum,  marking  the  line 
along  which  the  hemisphere  rests  on  the  optic  thalamus  (fig.  102). 

The  choroid  plexus  is  a  rolled-up  mass  of  pia  mater,  continuous  with  the 
margin  of  the  great  triangular  fold  interjected  into  this  slit  through  the  great 
tranverse  fissure  of  the  cerebrum.     The  lower  end  of  the  middle  cornu  is  the 


/.  fissure. 


lateral  ventricle. 

corpus  callosum. 

fornix. 


corpus  callosum. 
claustritm. 

soft  commissure, 
lenticular  nucleus. 

nucleus  tegmenli. 

locus  niger. 
crusta  of  cru-s  cerebri. 


opercular. 


gyrus  hippocampi.  temp-sph. 

Fig.  781. — Coronal  section  across  third  ventricle. 

original  continuation  of  the  ventricular  cavity,  and  points  forwards  and 
inwards.  It  is  the  remains  of  the  original  extension  of  the  ventricular  cavity 
into  the  olfactory  nerve. 

The  posterior  cornu  is  very  variable  in  its  extent,  and  its  axis  is  curved 
with  its  concavity  inwards.  On  its  inner  wall  is  a  long  ridge,  the  hippoeam- 
PUS  minor,  or  calcar  avis,  which  is  the  inward  projection  of  the  floor  of  the 
calcarine  sulcus  bulging  into  the  cavity. 

The  nucleus  caudatUS  is  the_surface  portion  of  a  complex  grey  mass,  the 
COPpUS  Striatum.  It  is  rounded  in  front,  and  posteriorly  tapers  to  a  tail 
which  descends  into  the  lowest  and  outmost  part  of  the  ventricle,  terminating 
in  a  knob. 

In  the  groove  between  the  nucleus  caudatus  and  the  optic  thalamus  is  a 
white  band,  the  taenia  Semicircularis,  sharply  margined  by  a  thick  band  of 
ependyma  (lamina  cornea)  towards  the  nucleus,  but  shading  off  obscurely  on  the 
thalamus.  This  expands  outwards  to  be  lost  in  the  roof  of  the  lowest  part  of 
the  inferior  cornu,  and  is  continuous  inwards  to  the  lowest  part  of  the  opening 
from  the  lateral  into  the  third  ventricle.     Here  it  terminates  over  a  grey  mass, 

the  nucleus  amygdalae ;  under  this  sheath  is  a  vein,  the  vena  terminalis. 
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Very  little  of  the  surface  of  the  optic  thalamus  is  really  seen  in  the  lateral 
ventricle,  as  the  choroid  plexus  is  usually  nearly  in  contact  with  the  taenia. 

The  fornix  is  a  longitudinal  arch,  formed  by  the  margin  of  overlap  of  the 
cerebral  hemisphere  over  the  thalamus.  It  begins  behind  as  a  series  of  radiat- 
ing fibres  converging  from  the  hippocampus  minor,  the  cornu  ammonis,  the 
eminentia  collateralis,  and  the  corpus  fimbriatum.  These  unite  and  form  a 
flat  converging  band  directed  forwards  and  inwards,  the  posterior  pillar  of  the 
fornix  (fig.  782),  which  can  be  seen  behind,  turning  under  the  edge  where  the 
forceps  major  passes  into  the  corpus  callosum  to  join  its  fellow  medially,  thereby 
forming  the  body  of  the  fornix.  The  body  of  the  fornix  overlaps  the  thalamus, 
from  which  it  is  sepai-ated  by  the  projecting  border  of  the  choroid  plexus. 

As  the  body  of  the  fornix  extends  forwards  it  narrows,  and  forms  anteriorly 


Ccl 


Cav 


Fig.  782. — Lateral  ventricles  opened  by  the  removal  of  the  corpus  callosum, 'whose  anterior 
part  is  cut  at  Ccl2 — SI,  septum  lucidum  ;  Cs,  corpus  striatum  ;  Tho,  optic  thalamus  ; 
St,  taenia  semicircnlaris ;  Crf,  posterior  pillar  of  the  fornix  ;  Hp,  hippocampus ;  Hp1, 
pes  hippocampi ;  Tap,  tapetum  ;  Cav,  calcar  avis. 

two  parallel  white  cords,  the  anterior  pillars  of  the  fornix,  which  turn  down- 
wards and  finally  backwards  around  the  front  of  the  third  ventricle  (fig.  780). 
This  portion  cannot  be  seen  at  present,  but  their  terminations  in  the  corpora 
mammillaria  appear  below  within  the  circle  of  Willis. 

The  appearance  of  the  fornix  varies  at  different  points  of  section  (figs.  779> 
780,  781)  ;  medially  it  is  united  to  the  corpus  callosum  for  its  whole  length, 
and  at  its  anterior  portion  the  anterior  pillars  are  joined  to  the  concavity  of 
the  genu  by  a  pair  of  thin  lamella?,  which  make  the  septum  lucidum  and  com- 
pletely fill  the  interspace. 

The  septum  lucidum  (fig?-    778.   si;  782,   780),   is    a   sagittal    bilaminar 
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partition  attached  by  its  margin  above  to  the  under  side  of  the  corpus  callosum, 
in  front  to  the  hinder  surface  of  the  genu,  below  to  the  upper  surface  of  the 
rostrum,  and  behind  and  below  to  the  front  of  the  fornix.  Its  outline  is 
pear-shaped,  being  wide  in  front,  narrowing  to  a  point  behind.  Its  lateral 
layers  are  separated  by  a  median  space,  the  fifth  ventricle,  peculiar  as  being 
only  a  separated  part  of  the  interhemispheric  fissure  and  no  part  of  the  true 
ventricular  system.  This  ventricle  is  variable  in  size,  but  is  seldom  an  appre- 
ciable cavity  until  its  walls  have  been  divaricated.  It  is  bounded  above,  in 
front,  and  below  by  the  corpus  callosum,  below  and  behind  by  the  lamina 
cinerea  and  fornix,  laterally  by  the  layers  of  the  septum  lucidum  (fig.  780).  A 
small  vein  is  conspicuoiis  in  its  layers  on  each  side. 

The  septum  lucidum  is  formed  by  an  infolding  of  the  middle  part  of  the  lamina  terminalis, 
and  the  ventricle  is  the  space  between  the  folds.  There  is  no  opening  into  this  cavity.  It 
has  no  lining  of  ependyma,  but  its  wall,  the  septum  lucidum,  is  a  degenerated  area  of  cerebral 
surface,  with  a  rudimentary  grey  layer  directed  towards  the  ventricle. 

Beneath  and  behind  the  anterior  pillars  as  they  join  the  body  of  the  fornix 
is  the  foramen  Of  MonPO,  whereby  the  lateral  ventricle  communicates  with  the 
anterior  part  of  the  third.  This  is  the 
only  open  part  of  the  original  com- 
munication, whereby  the  cavity  of 
outgrowth  of  the  ventricles  of  the 
cerebral  hemisphei'e  communicated 
with  the  cavity  of  the  anterior  cere- 
bral vesicle  (fig.  102).  The  primitive 
larger  opening  has  become  narrowed 
by  the  contact  of  the  upper  lip  or 
fornix  with  the  optic  thalamus,  and 
the  consequent  flattening  of  the  lower 
lip  or  taenia  semicircularis.  The  space 
behind  the  foramen  is  filled  by  the 
choroid  plexus,  whose  extremity  ex- 
tends even  into  the  foramen  of  Monro 
<fig.  778,  FM). 

This  foramen  is  bounded  in  front 
and  above  by  the  fornix,  below  and 
behind  by  the  thalamus,  while  its 
floor  is  formed  by  the  taenia  semi- 
circularis. 

Where  the  two  posterior  pillars  of 
the   fornix   diverge   behind,  a   small   portion   of  the   corpus   callosum   appears 
between  them,  whose  transverse  fibres  constitute  the  lypa. 

The  hippocampus  major  or  COrnil  ammonis  is  the  most  prominent 
appearance  in  the  lateral  ventricle  posteriorly.  It  is  the  rounded  fundus  of  the 
hippocampal  sulcus,  and  its  ventricular  surface  is  formed  of  a  stratum  of  longi- 
tudinal fibres  derived  from  the  fornix  (figs.  782,  783).  It  is  moulded  around 
the  hinder  border  of  the  thalamus,  from  which  it  is  separated  by  the  lateral 
portion  of  the  transverse  fissure.  Below,  at  the  lowest  point  of  the  inferior 
cornu,  it  is  thickened,  and  presents  a  series  of  external  marginal  digitations, 
the  pes  hippocampi  (fig.  782,  Hp1).  Along  its  inner  or  concave  surface  towards 
the  transverse  fissure  it  is  margined  by  a  lip  composed  of  white  fibres  derived 
from  the  fornix,  the  COPpuS  fimbriatum,  which  can  be  traced  forwards  and 
downwards  to  the  uncinate  gyrus.  Where  this  comes  in  contact  with  the 
peripheral  grey  matter  there  is  a  coloured  toothed  band,  the  fascia  dentata, 
which  is  the  grey  edge  of  the  dentate  convolution  on  the  brain  surface. 

The  COPpilS  Striatum  is  a  much  displaced,  condensed,  and  specialised  part  of 


Fig.  783. — Coronal  section  of  the  hippocampal 
convolution— Gh,  gyrus  hippocampi ;  Fi, 
corpus  fimbriatum ;  Fd,  fascia  dentata ;  VI'", 
posterior  horn  of  lateral  ventricle. 
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the  peripheral  grey  matter  of  the  cerebrum,  and  is  so  named  because  in  section 
the  layers  of  white  fibres  passing  between  its  constituent  grey  masses  give  it  a 
striated  appearance.  By  making  a  horizontal  section  through  it  from  the  trenia 
semicircularis  outwards  to  the  wall  of  the  insula,  it  appears  to  consist  of  five 
parts  (fig.  780).  The  innermost  and  foremost  is  the  nucleus  caudatUS, 
which  appears  on  the  floor  of  the  ventricle,  and  whose  head  anteriorly  is 
continuous  with  the  peripheral  grey  matter  of  the  hemisphere  at  the  anterior 
perforated  plate.  The  hinder  end  or  tail  of  the  caudate  nucleus  passes  back- 
wards external  to  the  thalamus,  and  turns  into  the  middle  cornu  of  the  lateral 
ventricle,  on  the  roof  of  which   it   ends   at  an   eminence,   the  amygdaloid 

tubercle. 

A  layer  of  white  matter,  the  internal  capsule,  lies  external  to  the  caudate 
nucleus,  separating  it  from  the  lenticular  nucleus,  which  appears  in  this 
section  as  an  irregularly  bi-convex  grey  mass.  A  second  white  layer,  the 
external  capsule,  separates  the  lenticular  nucleus  from  a  thin  grey  lamella, 
appearing  linear  in  this  section,  the  claustrum,  external  to  which  is  the  white 
matter  that  underlies  the  grey  surface  of  the  lobus  centralis. 

The  caudate  and  lenticular  nuclei  are  united  by  streaks  of  grey  matter, 
which  split  up  the  internal  capsule  into  fascicles,  and  hence  the  mass  presents 
in  vertical  and  oblique  sections  the  peculiar  striation  from  which  it  has  obtained 
its  name. 

The  lenticular  nucleus  appeal's  doubly  convex  on  horizontal  section,  with  a 
flatter  external  and  a  more  convex  internal  margin ;  in  vertical  section  it  is 
somewhat  triangular.  It  lies  directly  over  the  external  perforated  plate.  It 
is  imperfectly  subdivided  into  three  parts  which  differ  from  each  other  in 
colour.  The  innermost  of  these  is  greyish  yellow,  and  a  middle  is  a  darker 
grey,  these  two  together  make  up  the  globus  pallidus,  external  to  which  is  the 
wider,  larger  putamen,  reddish  in  colour,  and  connected  to  the  nucleus  caudatus, 
of  which  it  is  a  detached  part.  These  parts  of  the  lenticular  nucleus  are 
separated  by  interrupted  planes  of  fibres  in  part,  passing  from  the  convolutions 
of  the  operculum  into  the  internal  capsule,  and  from  thence  continued  into 
these  intervals.  With  these  are  mixed  up  fibres,  which  in  part  arise  from 
these  nuclei,  and  unite  below  the  nucleus  lenticularis  to  take  part  in  the  forma- 
tion of  the  lenticular  Sling*,  an  arch  of  subthalamic  fibres,  of  which  a  large 
number  pass  to  the  tegmentum  of  the  crus  cerebri. 

The  nucleus  amygdalae,  which  underlies  the  corpus  striatum,  and 
projects  on  the  upper  and  outer  wall  of  the  lowest  part  of  the  inferior 
cornu  at  the  extremity  of  the  tail  of  the  caudate  nucleus,  is  a  semi-detached 
thickening  of  the  cortex  of  the  temporal  lobe. 

The  claustrum  is  a  thin  lamella,  an  inturning  of  the  lower  part  of  the 
surface  of  the  insula  to  which  it  runs  parallel.  It  is  directly  continuous  with 
the  grey  matter  of  the  locus  perforatus,  and  presents  a  sinuous  surface  bent  out- 
wards above  and  below. 

The  internal  capsule  consists  of  white  fibres  passing  between  the  caudate 
nucleus  and  the  thalamus  internally  and  the  lenticular  nucleus  externally ;  its 
front  or  caudo-lenticular  limb  joins  the  hinder  or  thalamo-lenticular  limb  at  an 
angle,  the  genu  of  the  capsule.  The  hinder  limb,  close  to  the  back  part  of  the 
genu,  consists  of  the  motor  fibres  derived  from  the  operculum  passing  on 
through  the  crusta  of  the  crus  cerebri  to  the  pyramid  of  the  medulla  oblongata. 
The  fore  limb  consists  of  fibres  from  the  frontal  lobe.  The  hinder  part  of  the 
hind  limb  consists  of  fibres  from  the  temporal  and  occipital  lobes  separated 
from  the  frontal  fibres  by  the  pyramidal  tract.  These  are  continued  thi*ough 
the  crus  cerebri  and  pons  to  the  cerebellum ;  with  these  there  also  pass  fibres 
from  the  cortex  to  the  thalamus,  from  the  cortex  to  the  ganglionic  masses  in 
the  pons;  in  short,  almost  all  the  fibres  from  the  cortex  to  other  parts  of  the 
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brain.  These  fibres,  as  they  diverge  above  the  nucleus  caudatus,  interlace  with 
the  fibres  of  the  corpus  callosum. 

The  external  capsule  is  thinner,  and  intervenes  between  the  putamen  of 
the  lenticular  nucleus  and  the  claustrum,  but  below  and  behind  it  is  continuous 
with  the  internal  capsule,  and  consists  chiefly  of  the  white  fibres  connected 
with  the  claustrum.  The  anterior  limit  of  the  corpus  striatum  corresponds  to 
a  line  joining  the  stephanion  to  the  temporal  margin  of  the  malar  bone. 

In  connection  with  the  cerebral  hemispheres  the  olfactory  nerve  should 
be  examined.  This  appears  as  a  soft  triquetrous  process  of  brain  matter 
dilating  terminally  into  an  olfactory  bulb,  which  rests  on  the  cribriform  plate 
of  the  ethmoid  bone,  and  originally  contained  within  it  a  continuation  of  the 
cavity  of  the  middle  cornu  of  the  lateral  ventricle.  It  starts  from  the  summit 
of  a  small  pyramidal  olfactory  tubercle  at  the  back  of  the  sulcus  rectus,  and 
from  this  its  external  root,  a  conspicuous  white  streak,  passes  outwards  and 
backwards  across  the  commencement  of  the  Sylvian  fissure,  and  consists  of 
fibres  which  pass  some  to  the  outer,  some  to  the  inner  side  of  the  uncinate 
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Fig.  784. — Section  of  the  olfactory  bulb,  X30—  n.d,  dark-edged  fibi-es  cut  across  ;  e,  granular 
layer  ;  n.v,  a  second  pigmented  layer  ;  gr,  granular  layer  ;  c,  large  nerve  cells  in  a  clear 
vascular  layer;  m,  molecular  layer;  gl,  granular  layer,  with  spherical  nuclei;  n.o, 
filaments  of  the  olfactory  nerves  of  distribution. 

gyrus.  This  is  the  dwarfed  remains  of  the  pyriform  lobe  found  in  most 
mammalian  brains.  It  is  possible  to  trace  fibres  from  this  external  root  back- 
wards into  the  hippocampus  major,  and  through  it  into  the  fornix  and  corpora 
mammillaria,  from  whence  they  are  continued  by  the  band  of  Yicq  d'Azyr  with 
the  substantia  innominata  beneath  the  anteiior  part  of  the  optic  thalamus;  other 
fibres  pass  to  the  nerve  from  the  anterior  perforate  plate.  An  inner  commis- 
sural band  passes  inwards  and  backwards  which  crosses  from  one  olfactory 
nerve  to  its  fellow  of  the  opposite  side  in  the  anterior  border  of  the  anterior 
commissure.  The  olfactory  nerve  (fig.  784)  has  a  covering  of  grey  substance 
which  is  thickest  at  its  upper  angle.  In  structure  it  consists  of  (1)  the  white 
root  fibres  (ib.,  n.d);  (2)  of  a  layer  of  ganglion  cells,  with  which  these  fibres  are 
continuous  (ib.,  c) ;  (3)  of  a  gelatinous  or  molecular  layer,  which  contains  cells 
comparable  with  those  of  the  molecular  layer  of  the  retina  to  which  this  seems 
homologous  (ib.,  m) ;  (4)  a  granular  layer  containing  spherical  nuclei  (ib.,  gl) ; 
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and  (5)  the  fibres  of  distribution,  which  form  a  tangled  plexus,  and  are  distri- 
buted to  the  sensory  epithelium  of  the  nose  (ib.,  n.o). 

Beneath  the  anterior  end  of  the  fornix,  and  behind  the  rostrum  of  the 
corpus  callosum,  is  a  small  white  transverse  cord,  the  anterior  Commissure, 
consisting,  anteriorly,  of  the  crossing  fibres  of  the  olfactory  nerve,  and 
posteriorly,  of  transverse  fibres  which  pass  from  one  temporal  lobe  to  its 
fellow.  This  commissure  appears  flattened  and  twisted  at  each  side,  but 
is  rounded  medially.  It  is  situated  in  the  line  of  the  axis,  around  which  the 
cerebral  hemisphere  appears  to  have  become  rotated  in  development.  It 
should  be  traced  to  its  termination  into  the  substance  of  the  hemisphere 
■on  one  side  (fig.  785,  c.a). 
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Fig.  785. — The  anterior  commissure  (c.a')  and  its  relations,  seen  from  below — g.c,  genu  of 
corpus  callosum;  l.s.p,  layers  of  the  septum  pellucidum;  v.s.p,  fifth  ventricle;  v. I,  lateral 
ventricle  ;  n.  I,  lenticular  nucleus  ;  v.  Ill,  third  ventricle  ;  //,  optic  nerve  ;  ch,  chiasma  ; 
t.o,  optic  tract;  p.e,  crus  cerebri;  t.c,  tuber  cinereum ;  cm,  corpora  mammillaria;  III, 
third  nerve;  s.p.p,  locus  perforatus  posticus;  cg.l,  external  geniculate  body;  cg.m, 
internal  geniculate  body  ;  pu,  pulvinar  ;  p,  pons. 

Having  reviewed  the  convolutions,  the  upper  part  of  the  left  hemisphere  is  to  be 
removed,  the  corpus  callosum  to  be  divided  longitudinally  on  the  other  side  of  the  median 
line,  and  its  left  lateral  portion  removed.  The  septum  lucidum  can  now  be  seen  on  both 
sides,  and  should  be  re-examined.  By  slicing  away  the  corpus  callosum  as  it  overlies  the 
septum,  the  cavity  of  the  fifth  ventricle  can  be  opened.  This  space  has  no  normal  com- 
munication backwards  with  the  third  ventricle,  indeed,  in  frozen,  cut  brains,  the  two 
lamella?  are  scarcely  separated.  On  each  side  of  the  septum  a  vein  runs  horizontally 
backwards,  which  joins  the  vena  terminalis  directly  below  the  foramen  of  Monro. 

By  removing  the  septum  lucidum  from  its  attachment  to  the  fornix,  the  entire  of  the 
fornix  is  exposed,  and  should  be  traced  from  the  hippocampi  to  the  corpora  mammillaria ; 
beneath  the  fornix  also,  the  foramen  of  Monro  is  visible.  Now  divide  the  fornix  above 
this  foramen  and  reflect  the  body  backwards,  thereby  exposing  the  lyra  on  its  under 
surface,  and  the  extremity  of  the  splenium  corporis  callosi. 
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The  fornix  rests  upon  the  velum  interpositum,  a  triangular  duplicature 
of  pia  mater,  which  enters  through  the  great  transverse  fissure,  and  extends 
over  the  optic  thalami  to  the  foramen  of  Monro,  and  which  is  continuous  on 
each  side  with  the  choroid  plexus  which  consists  of  its  convoluted  lateral  edge. 

The  lower  layer  is  the  pia  mater  of  the  surface  of  the  inter-brain,  the  upper 
is  the  pia  of  the  under  side  of  the  hemisphere,  but  the  two  are  inseparable, 
although,  theoretically,  the  velum  interpositum  is  a  pouch  open  behind.  An 
ependymal  layer  covers  its  lower  surface,  which  forms  the  roof  of  the  third 
ventricle,  and  which  on  each  side  is  continuous  with  the  ependyma  of  the 
taenia  semicircularis.  In  the  middle  of  the  velum  there  pass  backwards  two 
large  veins,  the  ven<£  Galeni  (fig.  616),  which  are  formed  anteriorly  by  the 
union  of  the  vena  terminalis  with  the  vein  of  the  septum  lucidum,  and  which 
posteriorly  finite  and  end  in  the  straight  sinus  (p.  532). 

Divide  the  velum  interpositum  and  its  marginally  attached  choroid 
plexuses  transversely  about  its  middle,  leave  its  hinder  portion  in  place  and 
remove  the  anterior  part. 

The  third  Ventricle  thus  opened  is  a  slit-like  cavity,  which  was  primitively 
the  cavity  of  the  anterior  cerebral  vesicle  (fig.  102).  It  is  roofed  by  the  velum 
interpositum,  and  is  bounded  laterally  by  the  inner  surface  of  the  thalamus, 


Fig.  786. — Sagittal  section  of  third  and  fourth  ventricles — Th,  thalamus  ;  sp,  habena  of 
pineal  body  ;  ca,  anterior  commissure ;  cm,  soft  commissure ;  Ic,  lamina  cinerea ;  //, 
optic  chiasma  cut  through ;  H,  pituitary  body ;  tc,  tuber  cinereum ;  cp,  posterior 
commissure ;  P,  pineal  body  ;  Q,  optic  lobes ;  as,  Sylvian  aqueduct ;  Pv,  pons  ;  VI, 
sixth  nerve ;  Pa,  pyramid ;  Pd,  decussation  of  pyramid  ;  M,  medulla  oblongata ;  pp, 
clava ;  n,  inferior  medullary  velum ;  V4,  fourth  ventricle ;  av,  arbor  vitse  ;  sc,  folium 
cacuniinis  ;  sv,  superior  vermis  ;   V3,  third  ventricle  ;  /,  fornix  ;  i,  infundibulum. 

in  front  by  the  anterior  pillars  of  the  fornix,  between  which,  as  they  diverge 
a  little  below,  a  small  part  of  the  anterior  commissure  is  visible.  Below,  the 
third  ventricle  is  irregular,  and  floored  by  the  conical  hollow  of  the  infundi- 
bulum in  front,  which  descends  herefrom  to  the  pituitary  body  ;  posteriorly 
its  floor  consists  of  the  upper  surface  of  the  tuber  cinereum  (fig.  786,  tc),  the 
upper  surface  of  the  coi'pora  mammillaria  (ib.,  A),  and  the  converging  surfaces 
of  the  crura  cerebri  (ib.,  Cr),  which  are  united  by  the  locus  perforatus  posticus. 
The  infundibulum  already  seen  from  the  base  is  walled  by  ependyma 
internally,  by  pia  mater  externally,  and  ends  blindly  in  the  pituitary  body 
(P-  739)- 
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The  tuber  cinereum  consists  of  grey  matter,  and  contains  centrally  an 
opening,  probably  the  representation  of  the  primitive  terminal  month  of  the 
archaic  intestinal  tube  (Gashell).  Laterally,  where  it  abuts  on  the  optic  tract. 
there  is  a  mass  of  small  nerve  cells  sending  off  fibres  into  the  tract,  and  con- 
stituting what  has  been  called  the  basal  optic  ganglion. 

The  thalamus  is  a  large  oval  ganglionic  mass,  the  upward  dilatation 
of  the  grey  matter  of  the  primitive  grey  neural  tube  (p.  57).  It  is  ovei^laid 
towards  the  third  ventricle  by  a  little  white  substance.  In  front,  its  anterior 
end  (tuberculum  anterior)  bulges  towards  the  foramen  of  Monro;  posteriorly, 
it  projects  into  a  broader,  thinner,  rounded  prominence  towards  the  optic 
lobes,  the  pulvinar,  which  overlaps  the  inner  geniculate  bodies  of  the 
mid-brain  (fig.  780).  Below  and  outside  the  pulvinar  is  a  small  tubercle,  the 
COPpus  genieulatum  externum,  a  part  of  the  thalamus,  from  which  a 
large  part  of  the  optic  tract  originates  (figs.  788,  cgl ;  790,  e). 

On  the  inner  side  of  each  optic  thalamus  is  a  white  streak,  the  crus 
pinealis,   outside  which  is  a  grey  band,  the  habenula  of  the  pineal  body, 

passing  from  the  ganglion  habenulse  or  trigonum 
habenula? ;  beginning  below  and  in  front,  and 
coursing  backwards  along  its  upper  and  inner 
angle,  to  end  by  joining  with  a  white  band, 
the  transverse  frenulum  of  the  pineal  body. 
The  junction  between  the  habenula  and  fren- 
ulum is  dilated  into  a  small  triangular  knob, 
the  trigonum  habenulae.  Below  and  at- 
tached to  this  is  a  transverse  white  band,  the 
posterior  commissure,  in  reality  a  foremost 
portion  of  the  mid-brain. 

These  habenal  bands  are  possibly  the  re- 
mains of  the  optic  nerve  of  the  rudimentary 
median  eye  coming  from  the  front  of  the 
optic  thalamus  and  passing  backwards  to  the 
pineal  body. 

The  optic  thalamus  of  one  side  is  joined  to 
its  fellow  by  an  easily  torn  grey  transverse 
band,  the  Soft  commissure,  which  divides 
the  third  ventricle  into  a  fore  and  hinder  part 
(figs.  780,  786,  cm);  the  fore  part  is  that  floored 
by  the  lamina  cinerea  and  the  infundibulum. 
From  the  hinder  there  passes  backwards  be- 
neath the  posterior  commissure  (fig.  786,  cp) 
a  median  passage,  the  aqueduct  of  Sylvius  (ib.,  as). 

The  third  ventricle  has  an  interrupted  grey  lining  of  grey  matter  continuous 
downwards  into  the  locus  perforatus  posticus  and  tuber  cinereum. 

Over  the  optic  thalamus  is  a  layer  of  white  nerve  fibres  and  neuroglia,  the 
Stratum  ZOnale,  and  its  interior  is  grey,  and  made  up  of  four  not  very 
separable  masses,  traversed  by  fine,  white  fibres,  some  from  the  deeper  part 
(tegmentum)  of  the  crus  cerebri,  and  some  descending  hereto  from  all  portions 
of  the  hemisphere.  These  form  the  radiatio  thalami,  and  they  mix  with 
the  fibres  of  the  internal  capsule.  Those  from  the  occipital  lobe  are  easily 
isolated.  These  radiating  fibres  form,  with  the  diverging  fibres  of  the  crusta  of 
the  crus  cerebi'i,  a  reticular  layer  on  the  outside  of  the  grey  central  nuclei. 
The  four  grey  parts  (fig.  787)  are — (1)  the  anterior  nucleus,  forming  the  ante- 
rior tubercle ;  (2)  the  posterior  internal  nucleus ;  (3)  the  posterior  external, 
the  largest,  forming  most  of  the  pulvinar;  and  (4)  the  external  geniculate  body; 
this  last  is  traversed  by  fibres  passing  from  the  thalamus  to  the  optic  tract. 
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Fig.  787. — Component  parts  of  the 
optic  thalamus — can,,  nucleus  cau- 
datus,  anterior  extremity ;  cau', 
tail  of  caudate  nucleus  ;  tr.h,  tri- 
gonum habenula;;  st.t,  taenia  semi- 
circularis  ;  vk,  anterior  nucleus  ; 
ah,  outer  nucleus ;  ik,  internal 
nucleus. 
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The  optic  thalamus  is  placed  in  front  of  a  vertical  line  dropped  from  the  upper 
end  of  the  fissure  of  Rolando  to  the  asterion.  The  coronal  inter-tragic  line 
limits  it  anteriorly. 

Beneath  and  external  to  these  four  grey  masses  is  the  subthalamic  region, 
or  prolongation  of  the  tegmentum  of  the  crus  cerebri,  isolated  below  by  an 
extension  from  the  crus  cerebri  of  the  black  pigmented  ganglion  layer  of  the 
substantia  nigra.  This  consists  of  three  strata  : — (1)  a  layer  of  fine  longitudinal 
fibres  underlying  the  external  posterior  nucleus,  called  the  stratum  dorsale ; 
(?)  a  reticular  formation  continued  from  the  mesencephalon ;  and  (3)  the  sub- 
thalamic body,  a  pigmented  bi-convex  ganglion,  which  again  is  divided  into 
several  strata.  In  front  of  this  is  a  mixed  grey  and  white  mass  of  uncertain 
connections  and  boundaries,  the  substantia  innominata. 

Below  the  optic  thalamus  there  is  also  the  extension  of  a  brownish  grey 
body  from  the  crus  cerebri,  the  red  nucleus  of  the  tegmentum  (fig.  781) ;  this 
lies  internal  and  above  the  subthalamic  body. 
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Fig.  788. — Part  of  the  right  cerebral  hemisphere  placed  on  its  anterior  extremity  and  seen 
from  below — Co,  optic  chiasma ;  Ccb,  crus  cerebri ;  Bcp,  brachium  posterior ;  L,  lem- 
niscus ;  Ccq,  crus  cerebelli  and  corpora  quaclrigemina ;  Cq1,  posterior  optic  lobe ;  Cq2, 
anterior  optic  lobe;  Pv,  pulvinar ;  Bca,  brachium  anterior;  Cgm,  corpus  geniculatum 
internum  ;  Cgl,  corpus  geniculatum  externum ;  St,  tsenia  semicircularis ;  t,  cut  end  of 
temporal  lobe ;  Spa,  anterior  perforated  space  ;  II',  optic  tract. 


From  the  upper  surface  of  the  corpora  mammillaria  a  white  fascicle,  the 
band  Of  Vieq  d'Azyr,  ascends  to  the  inside  of  the  anterior  nucleus,  close 
under  the  grey  coating  of  the  third  ventricle,  by  scraping  through  which  it  is 
easily  found  (fig.  786,  between  /  and  A).  This  is  supposed  to  be  continuous 
with  the  fibres  of  the  outer  root  of  the  olfactory  nerve,  which  are  described  as 
making  a  sharply  marked  angle  here  as  they  dip  through  the  corpus  mammillare 
from  the  fornix.      Fascicles  of  white  fibres  also  pass  from  the  outside  of  the 
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outer  nucleus  across  the  inner  capsule  to  the  globus  palliclus,  and  many  others 
pass  downwards  to  the  tegmentum. 

The  pineal  body  (figs.  780;  786,  P)  lies  behind  the  third  ventricle  above 
the  optic  lobes,  embedded  in  the  pia  mater  of  the  velum  interpositum.  It 
is  a  reddish-grey,  flattened,  conical  body,  with  rounded  apex  directed  back- 
wards, and  a  base  attached  by  a  short  stalk  to  a  transverse  white  band  or 
frenulum  above  the  posterior  commissure. 
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Fig.    789. — Coronal  section  through    the    anterior   lobes   of    the   corpora    quadrigemina — 
A,  aqueduct  of  Sylvius  ;  Ntr,  trochlearis  nucleus  ;  R,  rapke\ 

In  structure  it  consists  of  many  vessels  and  blind  follicles  filled  with  de- 
generated epithelial  cells,  connective  granular  corpora  amylacea,  and  botryoidal 
concretions  of  calcium  carbonate.  This  is  a  rudiment  of  a  median  parietal 
eye  which  probably  at  one  time  in  ontogeny  reached  the  surface.  It  is  pro- 
portionally much  larger  in  the  fcetus  than  in  the  adult. 

544.  MID-BRAIN. — Below  and  behind  the  optic  thalamus  is  the  mid-brain, 
represented  by  the  optic  lobes  and  the  hinder  part  of  the  crura  cerebri;  its 
cavity  has  diminished  to  form  the  aqueduct  of  Sylvius,  or  canal  which  passes 
backwards  beneath  the  posterior  commissure  to   the  fourth  ventricle.      The 
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forepart  of  the  crura  belong  really  to  the  inter-brain,  but  it  is  more  convenient 
to  deal  with  the  crus  as  a  whole. 

The  optic  lobes  (fig.  780)  are  shown  by  removing  the  rest  of  the  velum 


interposition  and  pineal  body. 
pair  in  front,  the  nates,  are 
flatter  and  darker,  the  smaller 
behind,  the  testes,  are  more 
prominent  and  crescentic,  and 
covered  by  a  thin  layer  of 
white  substance.  In  front  of 
the  former  is  the  white  pos- 
terior commissure;  behind  and 
between  the  latter  is  a  cord, 
the  frsenulum,  which  joins  the 
mid-point  between  the  testes 
to  the  anterior  medullary  velum 
behind. 

From  the  side  of  the  optic 
lobes  there  pass  a  pair  of 
rounded  processes,  thebrachia. 
The  brachium  anterior  (fig.  788, 
bca)  is  the  smaller,  and  is  over- 
lapped by  the  pulvinar,  and 
passes  behind  the  pulvinar  in- 
to the  corpus  geniculatum  ex- 
ternum and  into  the  optic  tract. 
The  brachium  posterior  (ib.,  bcp) 
is  lai-ger,  and  ends  beneath  and 
externally  in  the  corpus  geni- 
culatum internum.  A  third 
band,  the  fillet  or  lemniscus 
(figs.  788,  L;  791,  /)  passes 
beneath  the  brachium  posterius 
from  the  testes  backwards  to- 
wards the  cerebellum. 

The  anterior  and  posterior 
optic  lobes  differ  considerably 
in  structure  and  connections. 
The  anterior  lobe  consists  of 
four  distinct  strata,  (1)  a  super- 
ficial layer  of  white  mostly 
transverse  fibres,  the  stratum 
zonule,  passing  on  the  one  side 
into  the  fillet,  on  the  other  into 
the  underlying  grey  matter ; 
(2)  a  superficial  grey  lamella, 
the  stratum  cinereum,  thick  and 
distinct  medially,  but  becoming 
thinner  marginally,  and  ulti- 
mately fusing  with  the  thick 
third  layer  or  stratum  ojJticum. 
This  is  a  layer  of  grey  matter 


They  are  two  pairs  of  eminences,  the  larger 


Fig.  790. — View  of  the  pons  and  its  relations  from  below 
— C,  the  convolutions  of  the  central  lobe ;  1,  ophthal- 
mic branch  of  fifth  nerve ;  2,  maxillary  ;  S,  inferior 
maxillary,  x  Gasserian  ganglia;  V,  trunk  of  the  fifth 
nerve,  sensory  root  crossed  by  the  slender  motor  root, 
marked  on  the  left  by  +;  Ce,  lobus  lunatus  anterior 
of  cerebellum  ;  fh,  horizontal  fissure  ;  fl,  flocculus  ; 
Ce',  digastric  lobe  of  cerebellum ;  am,  tonsillitic  lobe; 
I,  77,  777,  IV,  T,  VI,  Vila,  the  seven  foremost 
cerebral  nerves ;  VII  b,  eighth  nerve ;  VIII  a,  ninth 
nerve;  VIII,  tenth  nerve;  b,  eleventh  nerve;  IX, 
twelfth  nerve  ;  pa,  anterior  pyramid  of  medulla ;  o, 
olivary  body ;  CI,  first  cervical  nerve ;  cl,  lateral 
column  of  spinal  marrow;  Ca,  anterior  column;  d, 
placed  below  the  decussation  of  the  pyramids ;  e,  cor- 
pus externum ;  i,  corpus  geniculatum  internum. 


consisting  of  small  nerve  cells,  and  is  traversed  by  several  closely  connected 
layers  of  longitudinal  fibres,  which  are  directly  traceable  into  the  brachium 
anterius.    The  fourth  is  a  layer  of  white  fibres  directly  continuous  into  the  fillet, 
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some  of  which  blend  with  the  optic  nerve  fibres  of  the  stratum  opticum, 
especially  along  the  external  side.  Internally  this  layer  becomes  thinner  and 
the  fibres  cross  to  the  anterior  optic  lobe  of  the  other  side.  This  fourth  layer 
rests  on  the  grey  layer  of  the  aqueduct  of  Sylvius,  from  which  also  it  derives 
fibres  that  ultimately  form  the  anterior  brachium. 

Each  jDOsterior  optic  lobe  consists  of — (i)  a  stratum  zonule  of  white  fibres; 
continued  into  the  brachium  posterior,  beneath  which  is  a  large  grey  mass  or 
nucleus,  in  which  a  few  large  nerve  cells  are  scattered  through  the  mass  of 
small  cells.  This  layer  is  continuous  from  one  optic  lobe  to  its  fellow.  Under 
this  is  (3)  a  thin  layer  of  longitudinal  nerve  fibres  derived  from  the  fillet,  and 
traceable  under  this  is  the  mass  of  the  grey  matter  which  surrounds  the 
Sylvian  aqueduct  into  which  some  of  its  fibres  pass. 

The  posterior  commissure  is  the  forward  extension  of  the  commissural 
fibres  of  the  fillet  which  decussate  in  it  from  the  tegmentum  of  the  crus  cerebri  of 
one  side  passing  to  the  optic  thalamus  and  internal  capsule  of  the  other. 

From  each  anterior  optic  lobe  and  outer  geniculate  body  many  of  the  fibres 
of  the  optic  tract  arise,  and  are  supplemented  by  others  immediately  from  the 

optic  thalamus  (figs. 
788,  790).  From  the 
tract  a  broad  bundle 
of  fibres  has  been 
traced,  through  the 
optic  radiation,  back- 
wards into  the  hind- 
most part  of  the  occi- 
pital lobe,  which  is 
supposed  to  be  the 
sensory  visual  area. 
Other  important  con- 
nections of  the  fibres 
of  the  optic  tract  have 
been  traced  from  the 
fibres  of  the  anterior 
limb  of  the  internal 
capsule,  which  pass 
into  the  ansa  lenti- 
cularis  below  and  in 
front  of  the  substantia 
innominata,  and 
which  join  the  tract 
close  to  the  decussation,  where  it  is  also  joined  by  fibres  from  the  tuber 
cinereum.  The  optic  tract  winds  round  the  crus  cerebri  and  converges  to  meet 
its  fellow  in  the  chiasma  (fig.  790).  Here  the  fibres  nearest  the  concavity  of 
the  union,  which  are  derived  from  the  inner  geniculate  body,  pass  from  side  to 
side  as  an  intercerebral  commissure.  In  the  optic  commissure  the  whole  nerve 
crosses,  no  part  being  distributed  to  the  eye  of  the  same  side. 

The  course  of  the  optic  tract  has  been  already  traced  on  the  base  of  the 
brain ;  from  the  commissure  the  nerve  passes  outwards  and  forwards  to  the 
optic  foramen  above  the  ophthalmic  artery. 

The  crura  cerebri  ai*e  two  large  pedicles  consisting  of  the  collected  fibres, 
whereby  the  cerebrum  is  connected  with  the  other  parts  of  the  brain  (fig.  790,  P). 
Each  presents  a  furrowed  surface,  due  to  its  division  into  fascicles,  and  starts 
beneath  and  behind  the  thalamus  to  enter  the  pons  Varolii. 

When  one  crus  is  coronally  divided  a  black  layer  (fig.  792),  the  lOGUS  niger, 
is  seen  to  cross  it;  this  appears  as  a  horizontal  band,  and  it  divides  the  crus  into 


Fig.  791. — Transverse  section  of  the  pons  through  the  seventh 
nerve,  x  2 — F.R.,  formatio  reticularis ;  VII,  seventh  nerve; 
Va,  ascending  root  of  fifth  nerve  ;  Vm,  motor  root  of  fifth ; 
F,  fillet;  s.o. ,  superior  olive;  Py,  pyramidal  fibres;  p.l.b. , 
posterior  longitudinal  bundle;  d.t.f. ,  deep  transverse  fibres  of 
pons;  s.t.f.,  superficial  transverse  fibres  of  pons;  M.P.,  middle 
cerebellar  peduncle ;  R,  restiform  body. 
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a  superficial  inferior  part,  the  CPUSta,  already  seen  on  the  base  of  the  brain,  and 
a  larger  inner  upper  part,  the  tegmentum,  which  lies  close  to  the  floor  of  the 
Sylvian  aqueduct.  The  crusta  of  one  side  is  quite  distinct  from  that  of  the 
other ;  the  tegmenta  are  medially  united.  On  the  inferior  surface  the  line  of 
exit  of  the  third  nerve  marks  the  boundary  between  the  crusta  below  and  the 
tegmentum  above  (fig.  792). 

Along  the  upper  border  of  the  plane  of  union  of  the  tegmenta  is  the 
Sylvian  aqueduct  (figs.  786,  as  j  789,  A;  792,  Aq),  a  canal  about  17  mm.  long, 
triangular  in  section  at  its  thalamic  end,  and  somewhat  T-shaped  at  its  hinder 
and  lower  extremity.  This  canal  is  lined  by  a  ciliated  ependyma  and  is  sur- 
rounded by  a  vascular  grey  layer,  2  mm.  thick,  continuous  anteriorly  with  the 
lining  of  the  third  ventricle,  and  backwards  with  that  of  the  fourth.  Embedded 
in  the  portion  of  this  layer  which  floors  the  canal,  near  its  hinder  end,  are  the 
large-celled  nuclei  for  the  third  and  fourth  nerves;  these  lie  close  to  the  median 
line — that  of  the  third  extending  from  behind  the  level  of  the  posterior  commis- 
sure to  the  level  of  the  front  of  the  hinder  optic  lobe ;  that  of  the  fourth  is 
continuous  backwards  from  this,  and  consists  of  larger,  greyer  cells.  External 
to  these,  at  the  hinder  end  of  the  latter 
nucleus,  is  a  cluster  of  large  rounded 
cells,  from  which  the  superior  portion  of 
the  fibres  of  the  motor  root  of  the  fifth 
nerve  arises.  Above  the  aqueduct  the 
grey  matter  is,  as  has  been  seen,  con- 
tinuous into  the  substance  of  the  hinder 
optic  lobe,  only  separated  therefrom  by 
the  fibres  from  the  fillet. 

Beneath  the  grey  floor  of  the  aque- 
duct the  upper  part  of  the  tegmentum 
consists  of  a  reticular  arrangement  of 
small  white,  mostly  longitudinal,  fibres, 
continued  downwards  from  the  sub- 
thalamic region  to  the  pons.  The  upper- 
most of  these  are  gathered  into  a  definite 
bundle    below  the  grey  sheath   of  the 

aqueduct  (the  posterior  longitudinal 

fascicle),  which  starts  in  the  sub- 
thalamic reticular  mass  and  descends, 
becoming  more  distinct  ultimately  (fig. 
791,  p.l.b).  This  band  appears  in  section  below  the  hinder  part  of  the 
aqueduct  as  a  flattened  triangular  bundle ;  below  and  external  to  this  is  a 
larger,  but  less  distinct,  longitudinal  series  of  fibres,  the  superior  cerebellar 
peduncle,  consisting  of  fibres  descending  from  the  inferior  part  of  the  thalamus, 
and  through  the  hinder  part  of  the  internal  capsule  from  the  frontal  cortex. 
These  form  a  mass,  crescentic  in  section,  and  include  within  them  the  rounded 
red  nucleus,  and,  having  on  a  lower  level  decussated  completely  with  their 
fellows  of  the  opposite  side,  they  descend  to  the  cerebellum. 

The  rest  of  the  tegmentum  consists  of  a  formatio  reticularis  continuous 
above  with  the  reticular  formation  of  the  subthalamic  region  and  below  with  that 
of  the  pons.  Below  this  reticulated  area  and  lying  on  the  substantia  nigra  is  a 
flattish  lamina  of  white  fibres,  the  fillet,  which  appear  on  the  surface  at  the  outer 
side  of  the  optic  lobes,  as  a  fasciculated  band  of  oblique  fibres,  which  stretch 
from  this  inwards  to  the  median  raphe,  where  they  appear  on  the  surface  above 
the  exit  of  the  third  nerve.  These  inner  fibres  are  lost  above  on  the  inner  side 
of  the  subthalamic  region  in  the  floor  of  the  third  ventricle.  The  outer  part 
consists  of  two  sections— an  upper  fillet,  which  is  traceable  downwards  from 


Fig.  792. — -Coronal  section  through  the  mid- 
brain— CQ,  optic  lobes  ;  SN,  substantia 
nigra;  Aq,  aqueduct  of  Sylvius;  p.l.b., 
posterior  longitudinal  bundle ;  RN,  red 
nucleus ;  F,  fillet  or  lemniscus ;  TOC,  tem- 
poro-occipital  part  of  the  crusta ;  Py, 
pyramidal  tracts;  Fc,  fronto-cerebellar 
tract ;  CC,  fibres  from  caudate  nucleus  to 
cerebellum. 
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the  anterior  optic  lobe,  and  a  lower  fillet  from  the  posterior  optic  lobe ;  both 
these,  coalescing,  pass  through  the  pons,  and,  sending  a  fascicle  to  the  layer 
between  the  olives,  are  continued  into  the  hinder  part  of  the  lateral  column 
of  the  spinal  cord. 

The  arcuated  fibres,  which  are  seen  in  the  formatio  reticularis  in  sections  of 
the  tegmentum,  are  partly  decussating  fibres  of  the  superior  cerebellar  peduncle, 
partly  arcuated  fibres  of  the  fillet,  and  partly  special  transverse  fibres,  passing 
from  the  reel  tegmental  nucleus,  which  can  be  seen  in  coronal  sections  as  a  gan- 
glionic mass  beneath  the  nates,  and  having  the  fillet-layer  outside  and  beneath 
it  for  almost  the  whole  breadth  of  the  crus. 

It  is  possible  that  the  fibres  of  the  under  fillet  may  be  the  continuation 
upwards  of  the  hinder  columns  of  the  medulla,  and  as  these  ascending  fibres 
have  already  decussated  in  the  spinal  marrow  they  do  not  decussate  in  the 
medulla  oblongata  or  mid-brain.  The  fibres  of  the  posterior  commissure  pass 
from  the  fillet  to  the  formatio  reticularis  of  the  opposite  tegmentum,  and  they 
connect  the  oculo-motor  nuclei. 

The  crusta  consists  of  three  parts — a  medial  portion,  continuous  downwards 
from   the   fibres    of  the   internal    capsule,   which   arise    from  the  frontal  and 


Fig.  793. — Upper  surface  of  cerebelmm — 1,  linguetta  laminosa  or  lingula  ;  2,  lobus  centralis 
with  (9)  its  ala?  ;  2,  monticulus  cerebelli  with  (9)  the  lobus  qnadratus  ;  3,  declive  ;  10, 
lobus  lunatus  posterior ;  4,  folium  cacuminis ;  1 1,  superior  semilunar  lobe ;  7,  posterior 
notch;  6,  anterior  notch;  12,  inner  edge  of  lobus  semilunaris  inferior;  8,  marginal 
fissure. 

opercular  lobes,  and  traceable  to  the  pyramid  of  the  medulla;  an  external  of 
fibres  from  the  occipitotemporal  lobe  to  the  formatio  reticularis  of  the  pons, 
consisting  of  the  part  which  lies  directly  below  the  exit  of  the  third  nerve, 
whose  fibres  pass  from  the  frontal  lobes  to  the  cerebellum  through  the  superior 
peduncles,  together  with  some  which  pass  to  the  nuclei  of  the  pons.  The 
small  bundles  of  white  fibres  which  directly  underlie  the  locus  niger  forming 
the  stratum  intermedium  pass  from  the  caudate  nucleus  to  the  cerebellum. 

The  loCUS  niger  consists  of  deeply  pigmented  and  finely-processed  nerve 
cells  in  many  strata.  They  are  not  directly  related  to  any  of  the  great 
ganglionic  chains  of  grey  matter  either  above  or  below,  and  have  been  supposed 
by  Gaskell  to  be  the  degenerate  cells  of  the  centre  which  originally  supplied 
the  apparatus  of  the  archaic  mouth,  corresponding  to  the  stomato-gastric 
ganglia  of  Arthropods. 

545.  THE  CEREBELLUM  is  the  widened  and  thickened  roof  of  part  of  the 
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posterior  cerebral  vesicle,  and  consists  of  one  median  and  two  lateral  lobes. 
Its  surface  is  grey,  and  closely  convoluted  into  nearly  concentric  lamella?, 
which  are  separated  by  sulci  so  deep  that  the  superficial  area  bears  but  a  small 
proportion  to  the  entire  surface  of  grey  matter.  Its  interior  is  white,  and 
in  section  presents  the  branching  appearance  known  as  the  arbor  vitSB.  The 
median  lobe  above  and  below  is  known  as  the  superior  and  inferior  vermis. 

Each  hemisphere  has  its  upper  and  lower  surfaces  separated  by  a  horizon- 
tal fissure,  the  morphological  boundary  between  the  median  and  the  lateral 
lobes :  this  widens  towards  the  pons,  where  it  receives  the  crus  cerebelli. 
The  upper  surface,  which  wholly  consists  of  the  widely  expanded  upper  surface 
of  the  middle  lobe,  is  continuously  lamellated  from  side  to  side,  and  rises 
gradually  into  a  median  ridge,  the  superior  vermis.  In  front  it  presents  a 
median  notch  into  which  the  optic  lobes  are  received;  here  the  surface  is 
turned  inwards  to  overlap  the  superior  peduncle  of  the  cerebellum  and  valve  of 
Vieussens.  There  is  a  still  deeper  median  notch  behind,  into  which  the 
falx  cerebelli  (p.  531)  and 
inferior  internal  occipital 
crest  project.  The  upper 
surface  underlies  the  ten- 
torium, and  slopes  gently 
backwards  and  outwards. 

The  lateral  lobes  of 
the  cerebellum  bulge  as 
two  lateral  swellings 
below,  separated  by  the 
Valley  in  which  the  in- 
ferior vermis  lies  hidden 
until  the  lateral  lobes  are 
drawn  asunder.  The 
lateral  lobes  are  thick 
medially  on  each  side  of 
the  valley,  and  become 
thin  towards  their  outer 
margin.  The  groups  of 
lamella?  on  their  surface 
are  separated  by  fissures 
of  differing  depths,  the 
deepest  of  which  divide  the  surface  into  lobules. 

Of  these  lobules  there  are  five  on  each  lateral  lobe — (i)  a  marginal 
lobule  (lob.  semilunaris  inferior),  of  about  nine  lamella? ;  (2)  lobulus  gracilis, 
of  about  eight  lamella? ;  (3)  a  large  irregular  cuneiform  or  dig'astric  lODUle, 
divisible  into  two  or  three  parts,  and  consisting  of  about  ten  lamella? ;  (4)  a 
tonsillitic  lobe,  a  rounded  prominent  swelling  on  each  side  of  the  valley, 
made  up  of  about  six  lamella?. 

On  the  upper  surface  the  median  lobe  presents  four  subdivisions — (1)  the 
Central  lobule  is  placed  at  the  front  part  of  the  vermis,  is  wide  medially,  con- 
sisting of  about  eight  lamella?,  but  extends  laterally  into  two  thin  ala?,  which 
shade  away  toward  the  margin  ;  (2)  beneath  this  and  over  the  valve  of  Vieussens 
is  a  transversely  lamellose  lobule,  flattened  on  the  valve,  the  ling"Ula,  into 
which  small  ridges,  the  framula  lingular,  extend  from  the  crus  cerebelli. 

(3)  Behind  the  lobulus  centralis,  the  largest  part  of  the  projecting  ridge  of 
the  superior  vermis  constitutes  the  monticulus  cerebelli,  which  is  divided 
into  an  anterior  part  or  culmen  and  a  hinder  or  declive.  These  are  contin- 
uous laterally  into  a  quadrilateral  lobule  similarly  divided  into  fore  and  hind 
parts,  the  anterior  and  posterior  lunated  lobules  ;  (4)  the  hinder  margin  of  the 


Fig.  794. — Lower  surface  of  cerebellum  seen  from  behind — 
pv,  the  cut  surface  where  the  tonsillitic  lobes  have  been  cut 
off;  c,  tuber  valvula?  ;  p,  pyramid  ;  u,  uvula  ;  11,  nodulus  ; 
these  four  form  the  inferior  vermis  ;  ps,  posterior  semilunar 
lobe ;  pi,  posterior  inferior  lobe ;  g,  lobulus  gracilis  ;  hi, 
digastric  lobe  ;  fh,  horizontal  lobe;  /,  flocculus  ;  V,  cavity 
of  fourth  ventricle  extending  on  each  side  into  a  lateral  re- 
cess;   V,   VI,  fifth  and  sixth  nerves. 
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upper  surface  on  each  side  is  the  superior  semilunar  lobule,  which  forms 
the  upper  lip  of  the  marginal  fissure,  and  these  of  each  side  are  joined  together 
by  a  thin  median  band,  the  folium  Cacuminis. 

The  inferior  vermis,  shown  by  divaricating,  still  better,  by  removing,  the 
tonsilitic  lobules,   is  divisible    from  behind  forwards   into   three  lobules,  the 

pyramid,  uvula,  and  nodulus. 

A  thin,  white  lamella,  the  posterior  medullary  velum,  extends  forwards 
from  the  front  and  sides  of  the  nodulus,  and  gradually  thins  as  it  becomes  more 
removed  from  the  cerebellum,  finally  becoming  reduced  to  a  delicate  layer  of 
ependyma  covered  by  pia  mater,  which  closes  in  the  fourth  ventricle  below 
and  behind  (fig.  794).  The  white  matter  in  this  fold  ends  in  a  concave  edge 
directed  downwards  and  forwards,  and  stretches  on  each  side  into  a  white 
footstalk,  to  which  is  attached  an  additional  lobule,  the  flocculus,  which  lies 
on  the  outer  side  of  the  cms  cerebelli  (ib.,f). 

The  cerebellum  is  joined  to  the  rest  of  the  brain  by  the  following  bands  : — 
(1)     Crus     Cerebelli    or     middle    peduncle,    the    largest     of    these    uniting 

structures  which  consists  of  fibres  passing  for- 
wards and  inwards  from  each  hemisphere 
to  the  sides  of  the  pons  of  whose  lower  sur- 
face they  form  the  chief  part  (fig.  780) ;  (2) 
internal  to  these  are  the  superior  peduncles 
whose  upper  ends  have  been  already  traced. 
These  having  descended  from  the  lower  part  of 
the  thalamus  into  the  tegmentum  of  the  crus 
cerebri,  and  having  decussated  with  their 
fellows  in  the  raphe  below  the  Sylvian  aque- 
duct, here  appear  at  the  back  of  the  hinder 
optic  lobes  as  two  rounded  ridges  traceable 
backwards  on  each  side  of  the  anterior  and 
upper  part  of  the  fourth  ventricle  to  enter 
the  cerebellum  (ib.,  crus  cerebelli  ad  medullam 
oblongatam).  These  are  united  by  a  thin  white 
layer,  the  valve  of  Vieussens,  in  which  the  fibres 
of  the  fourth  nerve,  coming  from  the  nucleus 
on  the  floor  of  the  aqueduct  (fig.  789,  Ntr),  cross 
from  side  to  side,  and  out  of  which  they  laterally 
emerge  (fig.  800,  d).  The  valve  of  Vieussens 
is  tied  to  the  space  between  the  hinder  optic 
lobes  by  the  frcenulum  and  is  overlapped  by 
the  lingula ;  (3)  the  inferior  cerebellar  peduncles  are  the  restiform  bodies 
of  the  medulla  oblongata  (fig.  799). 

The  cortex  cerebelli  consists  of  four  layers — (1)  an  external  layer  of  con- 
nective and  vascular  processes  from  the  pia  mater  and  neuroglia ;  (2)  a  thick 
layer  of  radiating  branched  fibres  embedded  in  a  molecular  groundwork.  The 
fibres  are  derived  from  the  processes  of  (3)  the  large  cells  of  Purkinje  (2*5/0.) 
which  form  here  a  layer  embedded  in  a  matrix  (fig.  795).  Each  of  these  flask- 
like cells  sends  off  one  process  outwards  which  branches  in  a  complex  manner, 
its  filaments  pass  at  first  to  the  surface,  ultimately  turning  inwards  towards 
the  white  fibres.  The  cells  of  Purkinje  are  most  closely  set  on  the  borders  of  the 
ridges.  From  the  inner  or  deep  surface  of  each  cell  there  passes  an  unbranched 
axis-cylinder  process  into  and  through  the  next  layer  into  the  white  medullary 
part;  (4)  a  granular  layer  of  small,  closely  set  elements  (-7  ,a),  probably  minute 
nerve  cells,  some  of  which  are  connected  with  medullated  fibres,  and  others  with 
a  support-reticulum.  These  granules  are  in  clusters  in  the  deep  layers,  con- 
densed into  a  deep  stratum  towards  and  around  the  cells  of  Purkinje.     The 


Fig.  795. — A  cell  of  Purkinje  from 
the  cortex  of  the  cerebellum,  x 
120. 
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white  matter  within  the  cerebellum  presents  in  section  a  foliated  appearance, 
and  hence  in  section  is  called  the  arbOP  Vitae  (figs.  778,  796). 

In  the  centre  of  the  white  mass  of  each  lateral  lobe  is  a  large  grey  nucleus, 
the  nucleus  dentatUS  (fig.  796,  n.d),  below  the  fundus  of  the  fissures.  This 
consists  of  a  much  corrugated,  grey  lamella,  surrounding,  except  in  front  and 
internally,  a  whiter  central  mass.  In  any  plane  of  section  it  presents  the 
appearance  of  a  wavy  line  of  yellowish  grey  matter,  enclosing  a  white  central 
mass. 

Around  this  nucleus  the  fibres  make  a  densely  felted  decussating  mass. 
On  the  inner  side  of  the  dentate  nucleus  and  close  to  the  median  line  on 
either  side  of  the  roof  of  the  fourth  ventricle  is  a  second  nucleus,  the  nucleus 
fastigii,  separated  from  its  fellow  by  a  narrow  median  plane  of  white  fibres. 

Between  the  dentate  and  the  roof  nucleus  are  two  smaller  grey  masses,  one 
a  narrow  club-shaped  streak  close  to  the  inner  side  of  the  dentate  nucleus  (the 
nucleus  embolifbrmis),  and  the  other,  smaller  and  intermediate,  between 
this  and  the  roof  nucleus,  the  nucleus  glODOSUS  (fig.  797). 

The  fibres  which  pass  from  the  medulla  oblongata  to  the  cerebellum  in  the 
restiform  body,  cross  and 
radiate  in  the  vermis 
superior,  and  enter  the 
labyrinthine  network 
around  the  nucleus  den- 
tatus. 

The  fibres  of  the  cms 
cerebelli  mostly  pass  to 
the  hilum  of  the  nucleus 
dentatus  where  they  are 
joined  by  others  from  the 
hemispheres  and  from  the 
reticulum  around  the 
nucleus  dentatus.  It  is 
not  quite  plain  whether 
the  fibres  of  this  network 
join  the  ganglion  cells  of 
the  dentate  nucleus. 
There  are  also  commissural 
fibres  from  part  to  part 
in  the  cerebellum.  The  fibres  of  the  superior  peduncle  come  from  the  lower 
part  of  the  cerebellum  and  the  dentate  nucleus. 

546.  THE  PONS  VAROLII  appeal's  superficially  as  a  sharply-marked  portion 
of  the  brain  (fig.  790)  lying  on  the  clivus  above  the  medulla  oblongata,  and 
marked  medio-ventrally  by  a  groove  for  the  basilar  artery.  Laterally  the 
crura  cerebelli  pass  backwards  and  outwards  from  it  into  the  cerebellum  with 
no  line  of  demarcation,  posteriorly  it  ends  abruptly  at  the  medulla  oblongata, 
anteriorly  at  the  crura  cerebri.  The  line  where  the  crura  cerebelli  end  in  the 
pons  is  indicated  by  a  line  joining  the  exits  of  the  fifth,  seventh,  and  eighth 
nerves. 

The  surface  of  the  pons  is  transversely  grooved  as  it  consists  of  transverse 
fibres  passing  from  the  crus  cerebelli,  the  foremost  of  these  are  arched  back- 
wards, and  so  surround  and  cover  the  hinder  ones.  The  upper  and  back 
surface  of  the  pons  forms  part  of  the  floor  of  the  fourth  ventricle  (fig.  786). 

The  pons  consists  of  several  strata  of  fibres  transverse  and  longitudinal. 
The  transverse  fibres  (fig.  791,  s.t.f)  are  arranged  in  a  superficial  and  a  deeper 
series  (ib.,  d.t.f ),  they  pass  from  the  crus  cerebelli  to  the  crus  cerebri.  At  the 
median  raphe  the  fibres  coming  from   the   opposite   crura   cerebelli  meet  and 


Fig.  796. — Sagittal  section  of  lateral  lobe  of  cerebellum, 
showing  the  lateral  arbor  vitae — n.d.,  dentate  nucleus  ;  b, 
fissure  between  the  anterior  and  posterior  lunate  lobes  ; 
1,  lamella  of  tonsillitic  lobe ;  2,  of  digastric  lobe  ;  3,  of 
gracilis  ;  4,  of  semilunaris  ;  5,  of  superior  semilunar  ;  6,  7, 
S,  of  posterior  lunated  ;  9,  10,  11,  12,  of  anterior  lunated  ; 
13,  of  ala  centralis. 
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interlace,  here  dipping  deeply  into  the  substance  of  the  [pons,  and  turning 
forwards  into  the  crus  cerebelli  of  the  opposite  side ;  on  each  side  of  these 
upturning  fibres  and  under  the  transverse  layer  is  a  longitudinal  set  of  fibres 
passing  from  the  crusta  of  the  crus  cerebri  to  the  corpus  pyramidale  (ib.,  Py), 
and  these  intervene  between  the  superficial  and  the  deep  fibres  from  the 
crus  cerebelli.  The  longitudinal  pyramidal  fibres  are  crossed,  not  only  by  the 
transverse  fibres  but  by  layers  of  grey  matter  on  each  side,  making  up  the 
nucleus  pontiS,  and  conspicuous  in  transverse  sections.  From  these  arise 
fibres  which  join  the  pyi*amidal  tract  upwards  as  they  go  to  the  hemispheres  ; 
other  fibres  pass  hence  to  the  cortex  cerebelli. 


Fig.  797.— Horizontal  section  of  the  white  centre  of  cerebellum,  x  2— a,  corpus  dentatum 
ii,  lingula  laminosa ;  a,  nucleus  fastigii ;  g,  nucleus  globosus  ;  e,  nucleus  emboliformis 
c,  decussating  fibres  ;  v.i.,  inferior  vermis. 


The  upper  or  dorsal  part  of  the  pons  consists  of  a  continuation  of  the 
formatio  reticularis  from  the  tegmentum  and  floor  of  the  Sylvian  aqueduct 
downwards  to  the  medulla.  This  is  covered  towards  the  floor  of  the  fourth 
ventricle  with  a  layer  of  grey  matter,  in  which  are  the  grey  nuclei  of  several 
cerebral  nerves  which  will  be  better  seen  in  the  dissection  of  the  fourth 
ventricle.  There  is  here  a  median  decussation  in  the  fibres  of  the  reticular 
formation. 
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As  the  pons  approaches  the  medulla  a  grey  mass  appears  in  the  reticular 
part,  the  upper  olive  (fig.  798,  o.s). 

As  the  crus  cerebelli  is  directed  backwards  at  the  upper  part  of  the  pons 
to  unite  with  its  ventral  layer,  a  portion  of  the  reticular  formation  comes  to  the 
surface  ventrally  between  the  crus  cerebelli  and  the  crus  cerebri.  The  front  of 
the  pons  is  more  closely  connected  with  the  mid-brain  than  with  the  hind- 
brain. 

While  the  transverse  commissural  cerebellar  fibres  sharply  mark  off  the 
pons  from  the  medulla  on  the  anterior  surface,  there  is  no  such  line  of  demar- 
cation on  the  posterior  or  fourth -ventricle  side. 

The  fourth  ventricle  is  the  modified  cavity  of  the  hinder  cerebral  vesicle, 
and  is  exposed  by  dividing  the  vermis  of  the  cerebellum  medially  and  reflecting 
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Fig.  798. — Section  across  the  pons  Varolii,  opposite  the  middle  of  the  fourth  ventricle — ■ 
v,  superficial  vein  below  floor  of  ventricle ;  Vila,  intermediate  part  of  facial  nerve  ; 
n.  VI,  nucleus  of  sixth  nerve;  VII,  seventh  nerve;  n.  VIII,  superior  nucleus  of  auditory 
nerve ;  n.  VII,  nucleus  of  intermediate  part  of  seventh  nerve  ;  a.  V,  ascending  root  of 
fifth,  enclosed  in  substantia  gelatinosa  ;  os,  superior  olivary  nucleus  ;  po,  intercerebellar 
fibres  of  pons,  enclosing  grey  matter  in  its  meshes ;  VI,  sixth  nerve ;  py,  pyramid 
bundles. 

its  halves  to  either  side.  Its  floor  appears  rhomboidal  (fig.  799)  and  its  axis 
is  vertical.  For  the  lower  half  the  restiform  bodies  form  its  lateral  margin, 
for  the  upper  half  the  superior  cerebellar  peduncles.  Medially  its  floor  is 
marked  by  a  sulcus  which  begins  below  in  a  pit,  the  ventricle  of  Aranzi,  and 
ends  above  at  the  aqueduct  of  Sylvius.  The  broadest  part  of  the  ventricle  is 
at  the  level  where  the  restiform  bodies  of  the  medulla  oblongata  pass  into  the 
cerebellum,  from  whence  it  narrows  forward  between  the  two  superior  cerebellar 
peduncles.  Its  sagittal  diameter  varies  very  much,  being  shallow  for  its  lower 
half,  much  deeper  above  where  the  cerebellum  is  excavated ;  in  front  of  this 
the  valve  of  Vieussens  roofs  it  in. 

The  floor  or  anterior  wall  is  formed  partly  of  the  upper  part  of  the  medulla, 
but  mostly  by  the  pons.     On  each  side  of  the  median  groove  is  the  eminentia 
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teres  beginning  at  the  apex  of  the  space  and  expanding  a  little  forwards. 
This  consists  of  fibres  descending  from  the  formatio  reticularis  of  the  teg- 
mentum of  the  crus  cerebri  on  their  way  to  pass  behind  the  olives  and  the 
arcuate  fibres  to  the  lateral  tract  of  the  cord.  These  are  crossed  transversely 
at  the  widest  part  of  the  cavity  by  white  strice  acusticce  passing  from  the  middle 
groove  outwards,  conspicuous  against  the  grey  background  of  the  lining  of  the 
cavity  and  continued  outwards  into  the  eighth  nerve  (fig.  799,  VIII).  Behind 
these  and  external  to  the  fasciculus  teres  is  a  triangular  dark  grey  ala  cinerea 
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Fig.  799. — Diagram  of  the  fourth  ventricle.     Its  tioor  is  shown  on  the  left  side  ;  on  the  right 
the  relative  situations  of  the  nuclei  of  the  several  cranial  nerves  are  indicated. 

on  each  side,  pointed  in  front  and  depressed  behind  into  the  fovea  posterior.  To 
the  area  where  these  converge  to  the  central  groove  the  name  calamus  scriptorius 
is  given.  In  front  of  the  stria?  and  external  to  the  eminentia  teres  is  a  second 
depression,  the  locus  cceruleus,  from  which  a  reddish  streak,  the  substantia 
ferruginea,  extends  to  the  beginning  of  the  aqueduct  of  Sylvius. 

The  roof  of  the  fourth  ventricle  consists  anteriorly  of  the  valve  of  Vieussens; 
covered  by  the  lingula  of  the  cerebellum,  behind  which  is  a  vascular  layer 
continuous  laterally  into  the  pia  mater,  clothing  the   medulla  oblongata,  and 
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forwards  into  that  of  the  cerebellum.  This  on  its  inner  sm'face  has  an 
epithelial  coating  with  no  neiwe  elements,  but  is  continuous  laterally  where  it 
touches  the  sides  of  the  medulla  oblongata,  into  structures  which  remain 
adherent  to  the  medullary  edges  of  the  ventricle.  These  structures  are  very 
variable,  and  are  (i)  the  obex,  a  triangular  medullary  lamella  uniting  the 
diverging  ends  of  the  clavce;  (2)  ponticulus,  a  seam  continued  up  from  the  obex, 
ending  internally;  (3)  the  ligula,  a  continuation  of  the  ponticulus  around  the 
outer  part  of  the  restiform  body  here  bounding  the  ventricle. 

The  rest  of  the  covering  is  the  posterior  medullary  velum,  which  is  pierced 
by  the  oval  foramen  Of  Magendie,  allowing  the  ventricle  to  communicate  with 
the  subarachnoid  space.  On  the  under  side  of  this  is  the  choroid  plexus  of  the 
fourth  ventricle,  which  extends  from  the  foramen  of  Magendie  to  the  inferior 
vermis.  The  foramen  of  Magendie  is  probably  secondary  in  formation,  often 
artificial. 


Fig.  8oo. — Section  across  Sylvian  aqueduct  (aq)—d,   decussation  of  fourth  nerve  (IV)  in 

the  valve  of  Vieussens. 

A  lateral  hole  under  the  ligula  may  also  exist,  the  foramen  of  Key  and 
Retzius  or  Mierzejewsky. 

The  restiform  bodies  of  the  medulla  can  now  be  seen,  one  on  each  side  of 
the  fourth  ventricle.  They  form  the  largest  of  the  superficial  constituents  of 
the  cord,  and  their  surfaces  appear  compound.  For  the  lower  third  the  back  of 
the  medulla  is  divided  into  two  parts  by  the  posterior  median  fissure,  continued 
downwards  into  the  posterior  median  septum  of  the  cord  (fig.  802).  On  each 
side  of  this  fissure  there  is  a  slender  band,  the  elava,  thickening  above  as  it 
diverges  from  its  fellow  at  each  side  of  the  fourth  ventricle,  and  narrowing  as 
it  descends  towards  the  spinal  cord,  this  lower  end  is  the  funiculus  gracilis. 
External  to  these  are  two  similar  columns,  the  columns  of  Burdach,  or  the 
CUneate  columns,  which  are  continued  downwards  into  the  posterior  lateral 
columns  of  the  spinal  cord:  each  of  these  dilates  at  the  side  of  the  fourth  ventricle 
into  the  cuneate  tubercle  specially  marked  in  young  brains.  Still  farther  out- 
ward is  an  obscure  and  narrow  white  ridge,  the  column  of  Rolando,  which 
suddenly  expands  above  the  column  of  Burdach  into  the  grey  tubercle  of 
Rolando  directly  below  the  acoustic  stria?.  This  forms  the  hinder  boundary  of 
the  posterior  lateral  groove.  These  parts  of  the  restiform  body  collectively 
form  the  side  boundaries  of  the  fourth  ventricle  behind,  and  turning  upwards 
they,  for  the  most  part,  pass  into  the  cerebellum. 
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The  medulla  oblongata  exhibits  in  section  white  and  grey  matter  arranged 
in  certain  de finite  masses.  The  pyramids  consist  of  white  motor  fibres 
descending  from  the  crusta  of  the  pons,  and  consist  chiefly  of  two  sets  of 
fibres,  the  larger  set  (90  per  cent.)  of  these  which  form  most  of  the  surface 
fibres  of  the  pyramid  are  medial,  and  these  decussate  below  at  the  apex  of  the 
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Fig,  801. — Section  of  the  medulla  oblongata  through  the  olivary  body — XII,  hypoglossal 
nerve;  Nh,  nucleus  hypoglossi,  with,  at  its  inner  part,  the  nucleus  of  the  fasciculus 
teres  represented  of  a  lighter  colour ;  Nv,  nucleus  of  vagus,  with,  beneath  it  (Ngl),  the 
nucleus  of  the  glossopharyngeal  nerve;  Po,  ponticulus;  t,  funiculus  solitarius,  or  the 
round  bundle;  Pr,  funiculus  restiformis,  containing  the  nucleus  gracilis  above  the  line 
and  the  nucleus  of  the  cuneate  fascicle  below  it ;  IX,  glossopharyngeal  nerve  root  above, 
and  (s.  gel.)  substantia  gelatinosa,  internal  to  which,  and  vertically  under  Po,  is  the 
nucleus  ambiguus;  Asc.  V.,  ascending  root  of  fifth  nerve;  Noa,  nucleus  of  external 
parolivary  body,  the  line  crosses  the  nucleus  of  lateral  column;  No,  nucleus  olivse;  Np, 
internal  parolivary  body ;  Fpy,  pyramid ;  y,  arciform  fibres  overlying  it ;  R,  raphe\ 

pyramid,  and  passing  through  the  grey  anterior  cornu  enter  and  form  the 
lateral  tract  of  the  spinal  cord  below;  these  constitute  the  crossed  pyramidal 
tract.  The  outer  set  consist  of  those  bundles  which  pass  into  the  anterior 
column  of  the  cord  without  crossing,  and  they  form  the  outer  part  of  the 
pyramid  or  the  direct  pyramidal  tract :  these,  when  traced  upwards,  ascend 
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behind  the  crossed  fibres  and  there  are  lost.     Other  fibres  from  the  anterior 
column  dip  deeply  into  the  formatio  reticularis  of  the  medulla. 

Between  the  pyramid  and  the  grey  floor  of  the  central  canal  there  is  a 
second  decussation  of  fibres,  which  pass  forwards  from  the  hinder  part  of  the 
medulla  oblongata,  and  thence  to  the  pyramid.  These  constitute  the  sensory 
pyramid-Crossing'.  These  fibres  come  chiefly  from  the  fasciculi  cuneati,  and 
after  crossing  they  assume  a  longitudinal,  but  by  no  means  easily  traced  course. 
They  are  more  or  less  arcuated  on  the  side  of  the  fourth  ventricle,  and  ascend 
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Fig.  802. — Section  of  the  medulla  oblongata  through  the  lowest  point  of  the  olivary  body — 
Fg,  funiculus  gracilis;  Fcm,  inner  cuneate  funicle;  Fcl,  lateral  cuneate  funicle;  ***, 
nerve  cord  funiculus  solitarius ;  No,  olivary  nucleus ;  XII',  root  of  hypoglossal  nerve ; 
Np,  pyramidal  nucleus ;  Fba,  arciform  fibres;  Fpy,  pyramid;  **,  blood-vessels  in  raph6 
R ;  Fa',  remains  of  anterior  column ;  Nh,  hypoglossus  nucleus ;  Cc,  central  canal. 

outside  the  raphe  behind  the  pyramid  and  internal  to  the  olive,  and,  hence,  are 
called  the  olivary  intermediate  tract.  Each  longitudinal  band  interlaces 
with  other  longitudinal  bands  continued  upwards  from  the  anterior  uncrossed 
tract,  and  with  these  form  the  lateral  tract. 

Outside  the  olivary  intermediate  tract  crossed  fibres  ascend  longitudinally 
among  the  scattered  masses  of  grey  matter,  forming  the  lowest  part  of  the 
formatio  reticularis  of  the  medulla.  A  similar  reticular  formation  extends  as  a 
long  continuous  tract  beyond  the  upper  decussation. 

Besides   the  superficial    arcuated   fibres  which   ascend   from   the  fasciculi 
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cuneati,  there  are  also  similar  deeper  arcuated  fibres  which  traverse  all  parts  of 
the  medulla  except  the  pyramids.  The  most  superficial  of  these  join  the  superficial 
arcuated  fibres  by  piercing  through  or  beside  the  olive,  and  with  the  deeper 
arcuated  fibres  pass  into  the  restiform  body  externally;  internally  they  decussate 
in  the  raphe  and  pass  into  the  restiform  bodies.  The  internal  deep  arcuated 
fibres  are  supposed  to  become  longitudinal. 

The  hypoglossal  fibres  form  a  boundary  between  the  median  and  the 
lateral  segment  of  the  medulla  oblongata ;  the  median  is  divided  by  the 
raphe  into  two  parts,  and   contains   the  interolivary   layer   and   part  of  the 

inner  accessory  olivary  nucleus,  also  the 
pyramid  and  the  ground  fasciculus  of 
the  anterior  tract.  The  lateral  contains 
the  olivary  nucleus,  the  outer  accessory 
nucleus,  also  the  remains  of  the  lateral 
tract,  and  part  of  the  crossed  inner 
arcuated  fibres.  The  part  of  the  forma- 
tio  reticularis  over  the  olive  forms  the 
motor  tract  of  the  tegmentum,  by  whose 
fibres  the  motor  nuclei  of  the  cerebral 
nerves  are  connected  with  the  cerebral 
hemispheres. 

The  arcuated  fibres  of  Solly  pass  to- 
wards the  median  fissure  over  to  the 
pyramid,  forming,  as  straight  fibres  a 
constituent  of  the  raphe.  Externally  they 
are  connected  with  the  stratum  zonale 
of  the  medulla  oblongata,  some  go  by  the 
funiculus  gracilis  to  the  cerebellum,  others 
are  connected  to  the  olive. 

The  fibres  from  the  olivary  nucleus 
cross  in  the  raphe,  but  it  is  uncertain 
whither. 

There  are  grey  nuclei  in  the  stratum 

zonale,  a  grey  nucleus  areiformis  lies 

beneath  the  fibres  which  engirdle  the 
pyramid. 

Through  the  entry  of  fibres  from 
the  posterior  tract  into  the  formatio 
reticularis  this  string  is  linked  with  the 
others,  hence  all  the  parts  of  the  resti- 
form body  do  not  go  into  the  cerebellum. 
The  restiform  is  a  new  and  temporary 
combination  of  fibres  uniting  the  arcuated 
fibres,  such  as  come  from  the  vicinity  of 
the  olive  and  from  the  spinal  cord  with  the  direct  cerebellar  tracts,  sending 
these  partly  into  the  lateral  column  of  the  cord.  The  lateral  column  has 
contributed  one  part  to  the  restiform  body,  the  direct  cerebellar  tract,  and  one 
larger  element  to  the  pyramid,  and  between  these  the  olive  is  interjected. 

The  medulla  oblongata  is  traversed  by  a  central  canal  below,  which  expands 
into  the  fourth  ventricle  above.  Its  exterior  is  of  white  substance,  but  within 
it  grey  masses  are  disposed  symmetrically  on  each  side,  underlying  the  peripheral 
white  matter,  thus  a  grey  column,  the  nucleus  gracilis,  lies  on  the  funiculus 
gracilis  and  clava,  increasing  as  it  ascends  and  forming  above  the  clavate 
nucleus.  External  is  the  nucleus  cuneatus,  at  first  small  but  enlarging  up- 
wards ;  still  farther  outwards  is  the  grey  mass  of  the  posterior  cornu,  in  front 
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Fig.  803. — Section  of  the  medulla  ob- 
longata, x  4 — s.l.p, posterior  fissure;  H1, 
funiculus  gracilis;  H2,  funiculus  cune- 
atus; n.g,  nucleus  of  the  clava;  n.c, 
cuneate  nucleus  ;  n.c1,  external  cuneate 
nucleus ;  a.  V,  ascending  root  of  fifth 
nerve;  g,  substantia  gelatinosa ;  f.a2, 
external  arcuate  fibres;  F.r,  formatio 
reticularis;  n.l,  nucleus  lateralis;  o1, 
median  parolivary  body  ;  0,  nucleus  of 
olivary  body ;  J'.a1,  anterior  arcuate 
fibres;  ti.ar,  nucleus  areiformis;  py, 
anterior  pyramid  ;  j'.a,  arciform  fibres  ; 
f.l.a,  anterior  fissure ;  c.c,  central  canal ; 
11.XI,  nucleus  of  the  spinal  accessory 
nerve;  n.XH,  hypoglossal  nucleus ;  d.a, 
anterior  decussation  of  the  pyramids. 


MEDULLA    OBLONGATA. 


737 


of  which  is  the  grey  mass  of  the  anterior  coi'nu.  These  grey  masses  in  the 
restiform  body  are  not  prolonged  into  the  cerebellum,  but  the  head  of  this 
cornu  becomes  cut  off  from  the  base  by  the  passage  through  it  of  the  fibres  of 
the  lateral  cord  to  the  decussation,  a  little  above  which  it  becomes  lost.  This 
forms,  above,  the  median  segment  of  the  grey  floor  of  the  fourth  ventricle. 

Besides  these  there  are.  (i)  the  olivary  nucleus,  composed,  like  the  dentate 
nucleus  of  the  cerebellum,  to  which  it  is  connected  by  several  strands  of  fibres, 
of  a  wavy  layer  of  brownish  grey  matter  around  a  nucleus  of  white,  with  a 
hilum  on  the  inner  and  posterior  side,  through  which  fibres  enter  from  the 
posterior  column  of  the  cord  of  the  opposite  side,  which  are  partly  lost  in  the 
grey  wall,  partly  traverse  it  to  the  cerebellum.  On  section  this  appears  like  a 
corrugated  brown  line. 

(2)  Accessory  Olivary  nuclei  are  small,  rod-like,  flatfish  grey  masses  lying 
parallel  to  the  side  of  the  olive,  appearing  in  section  as  bands  of  grey  matter. 


S.l.p. 
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Fig.  804. — Horizontal  section  of  the  medulla  oblongata  at  the  decussation  of  the  pyramids — 
/.La,  anterior  fissure;  d,  decussating  fibres  displacing  the  anterior  fissure;  C.a,  anterior 
horn;  V,  anterior  column  of  grey  matter;  f.r,  formatio  reticularis;  a,  b,  nerve-cells; 
c.c,  central  canal;  c.e,  neck  of  hinder  cornu;  S,  lateral  column;  g,  head  of  posterior 
horn;  r.p.C.I,  posterior  root  of  1st  cervical  nerve;  n.c,  beginning  of  the  nucleus  cuneatus; 
n.g,  clava  of  the  nucleus  gracilis;  Hl,  funiculus  gracilis;  H'2,  fasciculus  cuneatus;  s.l.p, 
posterior  median  fissure ;  x,  groups  of  cells  in  base  of  posterior  cornu. 

One  of  these  is  the  internal  parolivary  nucleus,  and  is  internal  and  in 
front  of  the  olive,  near  the  centre  of  the  medulla  and  below  the  pyramid.  At 
first  it  is  simple,  but  above  it  becomes  bent  inwards  and  forwards. 

The  lateral  accessory  nucleus  lies  behind  and  external  to  the  olive,  from 
which  it  is  separated  by  the  roots  of  the  hypoglossal  nerve.  These  nuclei  are 
formed  of  gelatinous  matter,  with  many  small  yellowish  multipolar  cells,  each 
with  one  axis-cylinder  process,  but  not  forming  a  continuous  layer. 

Besides  these  concrete  nuclei  there  are  many  indefinite  masses  of  grey 
matter  scattered  among  the  white  fibres  in  different  directions. 

Beneath  the  lining  of  the  floor  of  the  fourth  ventricle  are  the  group  of 
nuclei  from  which  arise  the  most  of  the  cranial  nerves.  That  for  the  sixth  is  a 
long  narrow  cluster  of  large  cells  beneath  the  anterior  portion  of  the  fasciculus 
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teres  and  close  to  the  median  line.  Its  centre  is  in  the  same  line  as  that  for 
the  third  and  fourth  above,  and  is  also  on  the  line  of  the  anterior  horns  of  grey 
matter  of  the  spinal  cord  below.  These  nerves  are  therefore  serial  homologues 
of  the  anterior  or  efferent  roots  of  spinal  nerves.  Farther  back  in  the  same 
line  is  the  nucleus  of  the  twelfth  pair,  whose  anterior  extremity  is  on  the  level 
of  the  acoustic  striae;  its  posterior  extends  to  the  lowest  level  of  the  ventricle  of 
Aranzi.  The  nucleus  of  the  seventh  or  facial  nerve  is  external  and  a  little 
below  that  of  the  sixth,  extending  from  the  level  of  the  acoustic  strise 
upwards  to  the  level  of  the  hinder  border  of  the  most  prominent  part  of  the 
fasciculus  teres.  This  origin  is  on  the  same  horizon  as  the  large-celled  portion 
of  the  lateral  horn  of  the  cervical  spinal  cord.  The  nucleus  for  the  spinal 
accessory  nerve  (eleventh  pair)  is  on  the  same  line,  and  extends  from  the  level 
of  the  top  of  the  calamus  scriptorius  down  into  the  last-named  region  of  the 
spinal  cord.  These  two  nerves  are  therefore  homologues  of  the  non-gangliated 
splanchnic  motor  nerve  fibres  of  the  spinal  system  (fig.  799). 

The  motor  portion  of  the  fifth  arises  by  two  sets  of  cells.  The  chief  centre 
is  placed  in  the  same  line  as  that  of  the  seventh,  and  above  it,  extending 
upwards  a  little  above  the  tubercle  of  the  fasciculus  teres;  the  secondary  centre 
is  placed  farther  upwards,  beneath  the  grey  lining  of  the  Sylvian  aqueduct, 
external  and  a  little  below  the  origin  of  the  fourth  (fig.  800,  Vd).  These  also 
belong  to  the  same  system. 

The  nucleus  for  the  eig"hth  nerve  is  twofold — a  large  anterior  double  centre 
beneath  and  external  to  the  root  of  the  seventh  and  under  cover  of  the  acoustic 
striae  ;  the  second  or  posterior  nucleus  lies  external  to  the  floor  of  the  ventricle 
and  on  the  same  level,  and  it  also  is  twofold.  Uniting  fibres  ascend  from  these 
through  the  restiform  body  to  the  cerebellum,  and  through  the  fillet  to  the  optic 
lobes,  and  from  thence  through  the  tegmentum  to  the  temporo-sphenoidal 
lobe  (fig.  798,  n.  VIII). 

The  ninth  or  glosso-pharyngeal  nucleus  is  deeply  placed  immediately  below 
the  inner  posterior  nucleus  of  the  eighth  and  close  to  the  hinder  surface  of  the 
olive.  This  and  the  next  are  serially  homologous  with  the  nuclei  of  the 
gangliated  splanchnic  fibres  in  Clarke's  column  in  the  cord;  that  of  the  tenth  or 
vagus  lies  directly  below  this,  below  the  level  of  the  acoustic  stria?,  and  stretches 
as  far  as  the  inferior  limit  of  the  fourth  ventricle.  One  portion  of  this  nucleus 
lies  in  the  ala  cinerea. 

The  sensory  root  of  the  fifth  is  twofold,  one  lying  deeply  on  the  level  of  the 
mid  part  of  the  superior  cerebellar  peduncle  in  the  pons,  and  one  much  lower 
down  from  the  long  grey  nucleus  which  extends  beneath  the  column  of 
Burdach.  This  and  the  root  of  the  tenth  and  part  of  that  of  the  ninth  are 
homologous  with  the  posterior  roots  of  spinal  nerves. 

The  Spinal  COrd  is  the  flatfish  cylindroidal  continuation  of  the  medulla 
oblongata  into  the  vertebral  canal,  enclosed  in  the  theca  vertebralis  (§  259),  and 
extending  to  the  level  of  the  lower  border  of  the  first  lumbar  vertebra ;  here 
it  suddenly  narrows  to  a  COnilS  terminalis,  which  tapers  to  a  slender, 
glistening  filum  terminate,  in  the  centre  of  the  cauda  equina,  traceable  as 
far  as  the  third  sacral  vertebra.  From  each  side  of  the  spinal  cord  arise  the 
31  pairs  of  spinal  nerves,  which  leave  the  vertebral  canal  through  the  inter- 
vertebral foramina  (figs.  801,  802). 

The  dimensions  of  the  cord  vary  within  wide  limits  in  different  individuals,  but  the 
averages  are  as  follows  : — 

Male,  length,  43  cm. ;  volume,  34  ccm. ;  weight,  34  grammes. 
Female,  ,,       40    ,,  „        30    ,,  ,,       29        „ 

Motion  of  the  vertebral  column  does  not  appreciably  affect  the  level  of  the  end  of  the  cord. 
The  fcetal  cord  extended  originally  for  the  whole  length  of  the  spinal  canal,  but  the 
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vertebral  column  begins  to  outgrow  it  at  the  tenth  week,  and  by  the  time  of  birth  the  cord 
only  reaches  as  far  as  the  second  lumbar  vertebra.  The  outgoing  nerves,  which  at  first 
passed  horizontally  outwards  to  their  respective  metameres,  become  more  and  more  oblique 
and  retracted  within  the  theca,  owing  to  this  inequality  of  growth.  Not  only  are  the  rates 
of  lengthening  of  the  growing  cord  and  of  the  vertebral  column  unequal,  but  the  several 
regions  of  both  grow  unequally.  Thus  between  the  sixth  foetal  month  and  maturity,  the 
region  of  the  cervical  nerves  on  the  cord  lengthens  from  21  mm.  to  ioo  mm.,  while  the 
cervical  canal  has  grown  from  22  mm.  to  120  mm.  The  region  of  the  dorsal  nerves  has 
lengthened  from  39  mm.  to  260,  and  the  dorsal  canal  from  45  to  300.  The  portion  from 
which  the  lumbar  nerves  arise  has  extended  from  13  mm.  to  50  mm.,  and  the  lumbar  canal 
from  27  to  190,  the  sacral-nerve  poi'tion  has  grown  froni  10  to  36,  while  the  corresponding 
part  of  the  canal  grows  from  16  to  140.  The  female  cord  is  equal  to  the  male  in  the  cervical 
nerve  region ;  much  shorter  in  the  dorsal  (260  :  230),  longer  in  the  lumbar  (56  :  50),  biit 
shorter  in  the  sacro-coccygeal  nerve  regiou  (36  :  30).  The  female  cord  more  often  than  the 
male  reaches  to  the  second  lumbar  vertebra. 

The  levels  of  escape  from  the  cord  of  the  various  spinal  nerves  are  variable, 
both  as  regards  their  absolute  and  relative  positions,  but  are  usually  as  shown 
in  the  accompanying  table. 

Table  of  the  Levels  of  Origin  of  Spinal  Nerves  in  Terms  of  Vertebral 
Bodies'  and  Spines. 
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3 

4 

5 

S.    1 
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7d. 
Sd. 
9d. 

10  d. 

11  d. 

12  d. 


1  L. 


The  cord  is  contracted  where  it  joins  the  medulla  oblongata,  but  widens 
from  the  second  cervical  to  the  first  dorsal  vertebrae  ;  it  again  becomes  contracted 
and  cylindrical  from  this  point  to  the  eleventh  dorsal,  where  again  it  dilates, 
but  rapidly  narrows  at  the  top  of  the  first  lumbar  vertebra.     The  upper  is 

the  brachial  enlargement,  the  lower  the  lumbar  enlargement. 
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-rfourth  ventricle. 

—calamus 

scriptorivs. 


.funiculus  gracilis. 


brachial 
enlargement" 


posteriori median 
septum. 


—lateral  column. 
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Fig.  805. — Views  of  the  spinal  cord  and  medulla" oblongata 
— A,  from  before  ;  B,  from  behind,  |.' 


lumbar  enlargement. 
C 


CI 


Ci 


«  m 


'.Si 


CU 


Fig.  806. — View  of  the  lower 
end  of  the  spinal  cord  and 
cauda  equina,  seen  from  be- 
hind by  slitting  and  reflecting 
the  theca,  | — a,  posterior  fis- 
sure; b,  filum  terminate  within 
the  theca;  b',  filum  prolonged 
beyond  the  theca ;  c,  theca, 
cut  border ;  d,  nerve  roots 
cut,  showing  the  separate  hole 
in  the  theca  for  each  ;  e,  liga- 
mentum  denticulatum.  The 
levels  of  the  different  nerves 
are  shown. 
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The  membranes  of  the  cord  and  the  naked  eye  anatomy  of  the  nerve  roots 
have  been  already  noticed  (p.  259).  The  pia  mater,  which  is  here  firm,  is 
closely  adherent  to  the  cord,  and  sheathes  the  nerves  arising  from  it. 

Along  the  anterior  median  line  is  an  anterior  median  fissure  dipping  in 
for  one-third  the  thickness  of  the  cord,  with  margins  capable  of  divarication,  and 
containing  in  it  a  fold  of  pia  mater,  in  which  descends  the  anterior  spinal  artery. 
The  bottom  of  this  fissure  consists  of  white  nerve  matter,  the  anterior  or 
white  commissure.  This  fissure  becomes  deeper  towards  the  lower  end  of 
the  cord  (fig.  807).  The  thick  glistening  pia  mater  along  this  fissure  is  the 
linea  splendens. 

Posteriorly,  in  the  median  line  a  thin  incomplete  lamella  of  the  pia  mater 
dips  in  for  half  the  thickness  of  the  cord ;  but  its  surfaces  are  adherent  to  the 
contiguous  surfaces  of  the  cord,  so  this  fissure  cannot  be  opened,  and  hence  it 
is  known  as  the  posterior  septum  of  the  COrd.  From  the  posterior  spinal 
arteries  which  lie  in  the  membranes  along  this  fissure,  a  series  of  posterior  septal 


Fig.  807. — Transverse  section  of  spinal  cord  opposite  the  eighth  cervical  vertibra — A  A,  the 
white  anterior  column  ;  L,  L,  lateral  columns  ;  P,  P,  the  posterior  columns  of  white 
matter;  a,  anterior  horn  of  grey  matter;  p,  posterior  horn;  AR,  anterior  roots;  PR, 
posterior  roots. 

arteries  pass  inwards  to  the  grey  or  posterior  commissure  Of  the  COrd, 
which  lies  along  the  bottom  of  this  septum  (fig.  813). 

Each  of  the  two  sides  of  the  cord  thus  separated  presents  a  longitudinal 
furrow,  along  which  the  posterior  roots  of  the  nerves  enter  the  cord.  This  is 
called  the  lateral  gTOOVe,  and  it  divides  the  side  of  the  cord  into  two  columns, 
a  posterior  between  it  and  the  posterior  septum,  and  an  antero-lateral  which 
consists  of  the  remaining  two-thirds  of  the  surface  of  the  cord.  This  latter  is 
again  subdivided  by  the  line,  along  which  the  anterior  roots  of  the  nerves 
come  out,  into  an  anterior  and  a  lateral  column,  but  there  is  no  groove  nor 
continuous  line  on  the  surface.  Between  these,  rows  of  small  branches  from 
the  lateral  spinal  arteries  enter  the  cord  along  the  anterior  and  posterior  nerve 
roots  (anterior  and  posterior  radicular  arteries).  These  arteries  are  very  long 
for  all  the  nerves  of  the  cauda  ecpiina. 

The  posterior  column  in  the  cervical  region  is  indented  by  a  longitudinal 
intermediate  groove,  dividing  its  surface  into  two  subordinate  columns — 
an    inner    or   posterior-median    column    (Goll's    column),    and    an    outer   or 
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posterior-lateral  (Burdach's).  Between  these  a  row  of  fine  arteries  pierce  into 
the    cord    (the    inter-funicular    branches    of    the    posterior    spinal    arteries — 

%8l3)-  . 

The  surface  of  the  cord  consists  chiefly  of  longitudinal   white   medullated 

nerve  fibres,  each  enclosed  in  a  sheath  of  neuro-keratin,  but  showing  no 
distinct  sheath  of  Schwann.  When  acted  on  by  osmic  acid  they  exhibit 
Lanterniann's  notches  (p.  52). 

The  transverse  section  of  the  cord  presents  the  following  appearances: — (1) 
In  each  half  there  is  a  somewhat  crescentic  grey  mass  centrally,  having  its 

convexity  directed  inwards,  and  joined  to  its 
fellow  by  the  grey  commissure ;  the  whole  grey 
central  mass  has  consecpiently  somewhat  the 
figure  of  a  capital  letter  H.  In  the  middle  of 
the  grey  commissure  there  is  a  minute  central 
Canal,  lined  in  the  foetus  by  ciliated  columnar 
epithelium,  but  the  cells  lose  their  distinct 
ciliation  in  the  adult,  and  the  cavity  usually 
becomes  more  or  less  filled  by  granular  matter 
and  broken-up  epithelial  cells.  These  lining 
cells  are  based  on  a  tough  neuroglia  layer  con- 
taining transitional  cells,  which,  owing  to  its 
staining  with  carmine,  like  the  gelatinous  layer, 
is  often  called  substantia  gelatinosa  centralis, 
and  the  canal  is  continuous  upwards  into  the 
fourth  ventricle,  through  which  it  becomes  con- 
tinuous forwards  with  the  Sylvian  aqueduct  and 
third  ventricle,  to  end  at  the  obscure  opening 
in  the  tuber  cinereum  (the  pi'imitive  mouth,  of 
Gaskell).  Downwards  the  canal  extends  into 
the  conus  medullaris,  in  which  it  ceases  to  be 
distinct,  but  in  the  embryo  it  was  originally 
continuous  into  the  neurenteric  canal,  and  is 
probably  the  remains  of  a  protenteiic  digestive 
tube,  possibly  homologous  with  the  digestive 
tract  of  the  invertebrata.  In  human  embryology 
this  canal  is  the  remains  of  the  cavity  lined  by 
the  epithelium  of  the  dorsal  groove. 

The  grey  matter  in  each  half  of  the  cord 
presents,  on  transverse  section,  four  distinct 
parts.  Anteriorly  it  projects  towards  the  an- 
terior nerve  roots  and  forms  the  anterior 
horn,  a  blunt,  irregular  mass,  not  reaching  the 
surface ;  posteriorly  it  is  elongated  to  the  floor 
of  the  lateral  groove  as  the  posterior  horn, 
longer  and  narrower  than  the  anterior.  The 
section  shows  that  the  grey  matter  narrows 
to  a  neck  where  this  horn  joins  the  rest  of 
the  grey  matter.  These  horns  can  be  seen  in  sections  made  in  any  part  of 
the  cord. 

If  the  cord  be  cut  in  the  cervical  and  upper  dorsal  region,  a  third  or 
lateral  horn  (intermedio-lateral  tract)  projects  outwards  opposite  the  level 
of  the  grey  commissure.  In  the  cervical  region  this  lies  on  the  ventral  side  of 
the  coronal  median  plane,  in  the  dorsal  it  is  behind  that  plane.  If  the  cord  be 
cut  in  the  dorsal  region  or  in  the  upper  cervical,  or  at  the  exit  of  the  lower 
lumbar  nerves,  a  fourth  area  of  grey  matter  appears  on  the  inner  side  of  the 


Fig.  808.  —  Transverse  sections 
of  the  spinal  cord  at  different 
levels— A,  through  the  sixth 
cervical  vertebra  x  2  ;  B,  the 
third  dorsal  vertebra  x  2  ;  C, 
at  the  third  lumbar  vertebra 
x  2  ;  D,  the  upper  part  of  the 
conus  medullaris  x  3 ;  E,  middle 
sacral  portion  of  conus  medul- 
laris x  3  ;  F,  coccygeal  portion 
of  conus  medullaris  x  4. 
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neck  of  the  posterior  horn  and  adjoining  the  hinder  side  of  the  grey  commissure. 

This  is  the  visceral  or  Clarke's  vesicular  column. 

These  grey  prominences  vary  in  structure  and  relative  size  in  the  different 
regions.  Although  appearing  in  section  as  hoi-ns  it  must  be  remembered  that 
these  are  columns. 

Their  sections  present  characteristic  variations  in  the  different  parts  of  the 
cord  as  shown  in  the  figures.  The  anterior  horns  are  wide  and  short  below, 
narrower  medially,  and  the  lateral  horns  fuse  with  the  anterior  above  and 
below.  The  posterior  horn  is,  for  the  most  part,  narrow  at  the  neck,  widening 
backwards  and  outwards  into  the  caput  cornu,  whose  end  and  sides  are  sur- 
rounded by  a  so-called  gelatinous  material,  the  substantia  g*elatinosa,  which 
extends  to  the  surface  where  the  posterior  nerve  roots  enter,  and  exhibits  a 
faint  streaking  of  cross  lines  which  radiate  from  the  nerve  roots.  The  hindmost 
point  is  called  the  apex  of  the  posterior  horn. 

The  anterior  horn  contains  very  large  and  characteristic  multipolar  cells, 
about  120/4,  and  some  smaller  but  also  much  branched  cells.     All  these  cells 


posterior  septum. 

substantia  gelatinosa  Rolandi. 

processus  reticularis. 

posterior  comrnissure. 

central  cana!. 

anterior  grey  commissure. 

anterior  ichite  commissure. 

lateral  horn. 

anterior  fissure. 


Fig.  809.— Section  of  the  spinal  cord  through  the  lumbar  enlargement  —  v.. s.,  anterior  column  ; 
s.s.,  lateral  column ;  h.s.,  posterior  column  ;  H.  W.,  posterior  roots  of  the  nerves ;  V.W., 
anterior  roots. 

send  oft'  branched  protoplasm-processes,  whose  network  makes  the  chief  part  of 
the  basis  of  this  material,  and  their  axis-cylinder  processes  pass  outwards  as  the 
chief  constituents  of  the  anterior  root  of  each  nerve  (fig.  810). 

The  cells  of  the  anterior  horn  are  usually  grouped  in  clusters — an  internal, 
an  anterior,  an  antero-lateral,  and  a  postero-lateral.  The  first  set  diminish  in 
number  towards  the  lower  part  of  the  cord,  vanishing  in  the  lumbar  region  ; 
the  second  and  third  form  one  group  in  the  mid-cervical  region,  the  postero- 
lateral are  usually  large  and  distinct. 

The  cells  of  the  lateral  horn  are  mostly  smaller,  but  give  off  much-branched 
processes.  Those  in  the  dorsal  region  are  twofold,  one  series  on  the  ventral  side 
are  larger,  resembling  those  of  the  anterior  horn,  but  the  majority  are  small, 
diminish  in  number,  and  finally  vanish  in  the  lower  dorsal  region.  Those  of  the 
visceral  column  are  still  smaller  (40  to  90  (x)  and  present  fewer  processes.  They 
are  usually  elongated  vertically  and  their  axis-cylinder  processes  are  the  small 
leucenteric  fibres  which  pass  in  the  anterior  roots  to  the  visceral  ganglia 
(P.  58). 
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The  posterior  horn  cells  are,  for  the  most  part,  very  small  (18/x)  and  fusi- 
form, and  show  fine  netted  protoplasm  processes,  but  no  appreciable  axis- 
cylinder  processes.  Fine  medullated  fibres  traverse  these  grey  masses  in  large 
numbers. 

On  the  outer  side  of  the  neck  of  the  mivrngu^mimri^^^^^^^^Mm^x 

lander  horn,  behind  the  lateral  horn,  _  hV'tlmV'l"  ''V  \"^~'  -  '  '  '  ^  ~t^~  I 
there  is  a  network  of  white  fibres  in- 
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Fig.  810. — Large  cells  of  anterior  horn — a,  multi- 
polar nerve-cells ;  b,  axis  cylinder ;  c,  grey 
matter ;  d,  white  fibres  in  transverse  section ; 
e,  cell  processes. 


Fig.  Si  i. — Sagittal  section  of  spinal  cord — a, 
anterior  white  column ;  b,  anterior  root ;  c, 
posterior  root  of  nerve ;  d,  lateral  white  column ; 
e,  oblique  fibres  of  posterior  root ;  f,  pyramidal 
fibres  passing  to  the  anterior  horn ;  g,  pyra- 
midal cells  of  anterior  horn ;  m,  column  of 
cells. 


vading  the  grey  matter  and  giving  rise  to  a  network,  the  reticular  forma- 
tion. At  the  base  of  the  posterior  horn  are  large  solitary  cells  whose  axis- 
cylinder  processes  pass  into  the  anterior  nerve  roots. 

The  proportion  of  grey  and  white  matter  varies  at  successive  points  of 
section,  as  shown  in  the  accompanying  diagram,  the  amount  of  grey  matter  (Gr) 


Fig.  812. — Diagram  showing  the  relative  amounts  of  grey  and  white  matter  in  the  spinal 
cord  at  different  levels,  as  well  as  the  sectional  areas  of  the  nerve-roots.  Each  mm. 
of  ordinate  represents  a  sq.  cm.  of  sectional  area — LC,  lateral  column;  PC,  posterior 
column  ;  A  C,  anterior  column  ;  Gr,  grey  matter  ;  N  It,  nerve  roots.  The  subdivisions 
of  the  abscissae  represent  the  different  levels. 

varies  with  the  sizes  of  the  ax*ising  nerves,  is  absolutely  and  relatively  largest  in 
the  lumbar  region,  and  smallest  in  the  lower  dorsal.  The  relative  sizes  of  the 
nerve  roots  (N  E.),  anterior  (A  C),  lateral  (L  C),  and  posterior  columns  (P  C)  is 
also  shown  and  will  be  seen  to  fluctuate  in  the  different  regions,  the  lateral 
columns  alone  constantly  increase  from  below  upwards  (fig.  812). 
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There  is  very  little  white  matter  in  the  conus  terminalis,  and  scarcely  any 
nerve  matter  exists  in  the  filum  terminale,  a  few  rudimental  medullated  fibres 
are  included  in  each  side  of  this  cord  above,  passing  off  as  the  occasionally 
present  lowest  coccygeal  nerve,  and  all  trace  of  nerve  fibres  vanishes  below 
this  point.  These  rudimental  fibres  present  rudimentary  nests  of  cells  and 
represent  the  segmental  nerves  of  the  rudimental  coccygeal  somites,  but  they 
are  inconstant,  and  variable  even  when  present. 

The  white  matter  of  the  cord  consists  of  certain  columns  or  tracts  of  fibres, 
whose  course  can  be  determined  by  section,  by  degeneration  in  cases  of  lesion, 
or  by  experiment.  The  anterior  column  consists  essentially  of  two  vertical 
series  of  fibres,  as  shown  in  fig.  816 — (a),  an  internal  set,  the  uncrossed  direct 

pyramidal  tract  (column  Of  Tiirek), 
which  diminishes  to  the  mid-dorsal 
region  and  there  disappears.  The 
fibres  of  this  portion  probably  cross 
in  the  anterior  white  commissure  of 
the  cord  to  the  opposite  side,  and  end 
in  the  cells  of  the  opposite  antex'ior 
horn.  This,  however,  has  not  been 
clearly  traced. 

(6.)  The  external  series  or  anterior 
ground-bundle  consists  .  of  fibres  de- 


Fig.  813. — Arrangement  of  arteries  in  a  trans- 
verse section  of  the  spinal  coi'd,  x  8— Spa, 
anterior  spinal ;  Fp,  posterior  fissure  ;  s,  an- 
terior sulcine  artery  ;  sc,  sulco- commissural 
artery ;  an,  its  ascending  anastomotic  branch  ; 
CI,  artery  to  Clarke's  column  ;  ra,  anterior 
radicular  artery  ;  la,  anterior  lateral  artery  ; 
Im,  lp,  middle  and  posterior  lateral  branches  ; 
rp,  posterior  radicular ;  cp,  artery  of  pos- 
terior horn  ;  if,  interfunicular  artery. 


Fig.  814.  —  Injected  vessels  of  anterior 
column,  x  16— A.M.F.,  sulcine  artery  in 
anterior  median  fissure ;  a,  anterior 
column;  e,  vaso-coronary  branch ;  b,  net- 
work in  anterior  horn  ;  d,  central  canal. 


scending   from   the  medulla   oblongata  (p.    735),   and  passing  to  the  anterior 
nerve  roots. 

The  lateral  column  is  the  most  complex  and  largest,  and  consists  of 
antePO-lateral  fibres  (e),  which  resemble  those  of  the  anterior  ground- 
bundle,  and  consist  of  the  same  elements,  together  with  some  sensory  fibres 
derived  from  the  posterior  roots.  Internal  to  these,  and  closely  resembling 
them,  are  the  fibres  of  the  lateral  limiting"  tract  (/"),  which  pass  through 
the  formatio  reticularis.  External  to  these  are  the  fibres  of  the  crossed 
pyramidal  tract  (g)  which  have  been  seen  already  above  descending  from 
the  opercular  lobe  through  the  anterior  two-thirds  of  the  internal  capsule, 
and  through  the  middle  part  of  the  crusta  of  the  crus  cerebri,  from  thence 
into  the   pyramid    where   they    decussate,   and   from    thence   descend   to   the 
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anterior  nerve  roots.  These  are  closely  connected  in  their  pyramidal  part 
with  the  upper  fibres  of  group  (a),  and  they  are  traceable  along  the  whole 
extent  of  the  cord  of  which  they  form  the  surface  in  the  lumbar  and  upper  cer- 
vical areas.  These  probably  convey  voluntary  impressions  to  the  anterior  roots. 
A  thin  layer  of  white  fibres  overlies  these  in  the  uppermost  cervical,  lower 
cervical,  and  dorsal  regions,  the  cerebellar  tract  (h),  whose  fibres  are  traceable 
upwards  to  the  restiform  body  and  cerebellum. 

The  two  constituent  paints  of  the  posterior  white  column  are  the  column 
of  Goll  (c),  continuous  upwards  apparently  from  the  posterior  roots  to  the  grey 
nuclei  in  the  funiculus  gracilis ;  and  the  column  of  Burdach  (d),  which  passes 
upwards  to  the  restiform  body. 

These  white  columns  are  permeated  by  support-structures,  partly  derived 
from  the  pia  mater.  This  passes  in  along  with  the  vessels,  and  is  most 
abundant  along  the  branches  of  the  anterior  stdcine  arteries,  derived  from  the 
anterior  spinal.     These  arteries  are  usually  single  at  origin,  but  each  divides 

into  two  within  the  anterior  fissure, 
one   for    each    side.      Each    of  these 
|    again   gives  off  anterior  branches  to 
;    the  anterior  horn,  internal  branches  to 


'u 


Fig.  815. — Scheme  of  fibres  in  spinal  cord  con- 
nected with  the  nerve  roots.  The  vertical 
fibres  represented  by  circles. 


Fig.  816. — Diagram  of  tracts  seen  in  cross 
section  of  the  spinal  cord,  shown  in 
transverse  section — a,  direct  pyramidal 
tract ;  b,  anterior  column  ground 
bundle;  c,  Goll's  column;  d,  postero- 
external column ;  c,  mixed  lateral  path ; 
f,  internal  mixed  lateral  path ;  g,  crossed 
pyramidal  tract ;  h,  direct  cerebellar 
tract ;  v,  anterior  root ;  hw,  posterior 
root.  The  grey  matter  is  represented 
black. 


Clarke's  column,  and  anastomotic  branches,  which  ascend  to  join  the  corres- 
ponding arteries  above  and  below.  Besides  the  posterior,  septal,  anterior,  and 
posterior  radicular  arteries,  already  described,  anterior,  median,  and  posterior 
lateral  branches  from  the  lateral  spinals  enter  the  side  of  the  column,  and  pass 
through  the  white  fibres  to  the  formatio  recticularis  and  lateral  horn. 

Beside  this  purely  connective  tissue,  sheathing  the  vessels  and  derived  from 
the  pia  mater,  there  is  a  more  abundant  support-reticulum  of  neuroglia,  derived 
from  modified  neural  cells,  with  branches  beset  with  n euro-keratin  and  small  nu- 
cleated bodies,  some  of  these  cells  are  large,  stellate  in  section  (cells  of  Deiters), 
others  are  smaller.  Much  of  the  substantia  gelatinosa  consists  of  these  cells, 
embedded  in  a  dense  network  of  the  united  protoplasm  processes  of  the  small 
nerve  cells. 
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The  fibres  of  each  anterior  nerve  root  consist : — 

i.  Of  the  axis-cylinder  processes  of  the  large  cells  of  the  anterior  cornu  on 
the  same  side  (a,  b,  and  c),  (i,  2,  and  5). 

2.  Of  the  axis-cylinder  processes  of  cells  of  the  opposite  cornu  crossing  in 
the  anterior  commissure  (4). 

3.  Of  axis-cylinder  processes  from  the  large  cells  of  the  lateral  horn  in  the 
regions,  where  that  exists. 

4.  Of  fibres  from  the  cells  of  Clarke's  column. 

5.  Of  axis-cylinder  processes  from  the  large  cells  at  the  base  of  the  posterior 
horn. 

The  fibres  of  the  posterior  root  which  enters  as  a  single  bundle  divide  into — 
1.  An  external  radicular  series  which  pass  into  the  longitudinal  fibres  of 
Burdach's  column.  These,  after  a  short  course,  become  horizontal  and  enter 
the  substantia  gelatinosa.  They  are  supposed  to  be  the  channels  of  the  sensa- 
tion of  temperature,  and  of  the  cutaneous  reflexes;  (2)  an  internal  radicular 
series,  which  also  enter  the  column  of  Burdach,  and  pass  at  first  longitudinally, 
but  subsequently  enter  the  grey  matter  of  the  posterior  cornu.  These  are 
supposed  to  be  the  channels  of  tactile  sensation.  Some  of  these  are  connected 
with  the  small  fusiform  cells.  Most  of  the  fibres  break  up  into  the  fine  nerve- 
plexus  in  the  grey  matter,  and  therein  ascend.  These  are  jDossibly  the  channels 
of  tactile  sensation,  and  those  along  which  sensations  of  pain  travel. 

From  some  of  the  cells  of  Clarke's  column  in  the  lumbar  portion  of  the  cord, 
there  pass  processes  which  serve  as  shunts  between  the  sensoi-y  and  motor 
nerves  of  the  anus  and  bladder,  hence,  in  the  cluster  of  cells  in  this  region  the 
anal  and  vesical  centres  are  said  to  lie.  The  nervi  erigentes  are  said  to  have 
their  roots  in  Clarke's  column,  near  the  origin  of  the  third  sacral,  the  motor 
filaments  travelling  in  the  sympathetic  rami  communicantes  from  the  lower 
lumbar  nerves.  The  nervi  ejaculantes  in  the  male,  and  the  nervi  parturientes 
in  the  female,  are  said  to  have  their  centres  probably  a  little  higher. 

It  will  thus  be  seen  that,  for  the  most  part,  the  fibres  of  the  anterior 
roots  ascend  into  the  pyramid,  those  of  the  posterior  root  in  the  column 
of  Goll.  When  these  reach  the  nucleus  of  the  column  they  are  displaced 
outwards  by  the  opening  of  the  fourth  ventricle,  but  return  again  in  the 
interolivary  space  wherein  they  decussate ;  most,  if  not  all,  ascending  thence 
as  the  fillet. 


Note  to  p.  719. — The  pituitary  body  or  hypophysis  is  an  oval  mass,  lying  in  the  sella 
turcica,  surrounded  by  cavernous  venous  tissue  (p.  534),  and  consists  of  two  closely  united 
lobes.  The  anterior  or  stomodaval  lobe  is  a  brownish,  crescentic  mass  of  degenerate, 
epithelium-lined  gland-tubules,  united  by  connective  tissue,  with  many  vessels  and  lymph 
spaces,  and  is  the  fundus  of  the  primitive  mouth  invagination  (p.  15).  The  posterior  or 
infundibular  lobe  is  an  oval  mass  of  connective  tissue,  lying  in  the  concavity  of  the  fore-lobe, 
and  is  the  thickened  end  of  the  infundibulum.  It  is  probably  the  rudiment  of  an  archaic 
sense-organ. 

Note  to  p.  684. — The  facial  nerve  (p.  696)  enters  the  internal  auditory  meatus  in  two 
bundles,  the  larger  or  portio  dura,  the  smaller  or  -portio  intermedia,  both  lying  above  and 
indenting  the  auditory  nerve,  and  then  entering  the  aqueduct  of  Fallopius.  In  this  canal 
it  passes  outwards  between  the  cochlea  and  the  vestibule  to  the  inner  wall  of  the  tympanum, 
where  it  enlarges  into  the  geniculate  ganglion,  in  which  its  two  parts  unite,  and  turns  back- 
wards at  right  angles  over  the  fenestra  ovalis,  then  turning  downwards  to  the  stylomastoid 
foramen.  It  gives  off  (1)  branches  to  the  auditory  nerve ;  (2)  the  great  superficial  petrosal 
which  passes  through  the  hiatus  Fallopii  (p.  664  and  fig.  679,  j ) ;  (3)  a  filament  to  join  the 
lesser  superficial  petrosal  (p.  605,  and  fig.  679,  /3) ;  (4)  the  nerve  to  the  stapedius  (fig.  679,  y); 
(5)  filament  to  join  the  external  superficial  petrosal  branches  of  the  sympathetic,  which 
accompany  the  middle  meningeal  artery ;  (6)  the  chorda  tympani  which  enters  the 
tympanum  by  a  hole  between  the  pyramid  and  the  edge  of  the  membrana  tympani,  crosses 
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between  the  malleus  and  the  long  leg  of  the  incus,  and  escapes  through  the  canal  of  Huguier, 
where  it  is  joined  by  a  twig  from  the  otic  ganglion,  and  ends  in  the  lingual  nerve  (p.  599) ; 
(7)  a  fine  twig  to  the  auricular  branch  of  the  vagus. — For  the  rest  of  its  course  see  p.  576. 

Note  to  p.  384. — The  foetal  testes  lie  in  the  abdomen,  each  being  below  and  in  front  of 
the  kidney  and  covered  by  a  layer  of  peritoneum,  the  mesorchium.  A  faint  ridge  stretches 
from  this  upwards  and  downwards,  the  latter  portion  growing  into  a  thick  cord,  while  the 
former  vanishes.  This  ridge,  the  plica  gubernatrix,  by  the  fifth  month  has  become  large, 
and  consists,  beneath  the  peritoneum,  of  a  firm  layer  containing  striped  fibres  continuous 
from  the  abdominal  wall,  and  a  central  core  of  soft  gelatinous  connective  tissue  containing 
smooth  muscle  cells.  The  lower  end  of  this  cord  at  first  rests  on  the  deep  abdominal  ring, 
but  by  the  end  of  the  fifth  month  its  extremity  can  be  followed  through  the  inguinal  canal 
into  the  scrotum.  The  serous  membrane  enveloping  the  gubernacular  cord  is  elongated 
downwards  into  a  pouch  which  enters  into  the  inguinal-canal-portion  of  the  gubernacular 
cord,  forming  a  gradually  deepening  pit,  the  processus  vaginalis.  As  the  foetal  body  grows 
this  body  does  not  commensurately  extend,  and  in  consequence  the  testis,  to  which  its  upper 
end  is  attached,  is  gradually  drawn  down  until  in  the  eighth  month  the  length  of  the  cord 
only  equals  that  of  the  inguinal  canal,  and  the  testis  is  consequently  drawn  into  the  canal 
through  the  rings,  its  descent  being  facilitated  by  the  pre-formation  of  the  processus  vaginalis 
(fig.  487,  V.pc).  The  neck  of  this  sac  (ib.,  VI.)  ultimately  closes,  and  the  processus  becomes 
the  tunica  vaginalis. 

By  the  end  of  the  eighth  month  the  testis  has  entered  the  scrotum,  and  by  the  end  of  the 
ninth  the  neck  of  the  processus  vaginalis  has  become  obliterated.  Failure  in  the  obliteration 
allows  of  the  formation  of  a  congenital  hernia  into  the  processus  vaginalis. 
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Abaxial     muscular    attach- 
ments, 66. 
Abdomen,  353. 

,,  arteries  of,  419. 

,,  cavity  of,  386. 

Abdominal  aorta,  419. 

,,  furrow,  367. 

,,  lymphatics,  431. 

,,  muscles,  371. 

,,  regions,  368. 

,,  ring,  deep,  378. 

,,  ,,      superficial, 

373. 

,,  sympathetic,  460. 

,,  veins,  429. 

,,  viscera,  393. 

wall,  367. 
Abducens  nerve  =  sixth  pair, 

694. 
Abduction,  44. 
Abductor  annularis,  311. 

.,         hallucis,  516. 

,.         indicis,  311. 

,,         minimi  digiti,  310, 
518. 

,;         ossis     metatarsi 
minimi  digiti,  510. 
pollicis,  309. 
Abernethy's  fascia,  427. 
Aberrans  arteria,  555. 

,,  ,,      brachial,  289. 

,,        vas,  384. 
Absorbents  =  lymphatics. 
Accelerator  nerve,  60S. 

,,  urinse,  358. 

Accessorius,  m.,  255. 

,,  flexor,  512. 

Accessory  ligaments,  43,  127. 

,,         obturator  n.,  46S. 

,,         palatine  canals,  238. 

,,         processes,  106. 

,,         spinal  n.,  609. 
Acervulus  —  pineal  body. 
Acetabular  element,  163. 
Acetabulum,  163,  167. 
Achillis,  tendo,  SOS. 
Achromatin,  3. 
Acini  of  glands,  22. 
Acromial  rete,  270. 
Acromio-clavicular  joint,  140. 

„      thoracic  artery,  269. 
Acromion  process,  135. 
Adenoid  tissue,  26,  27. 
Adipose  tissue,  26,  27. 
Adduction,  44. 
Adductor  brevis  m.,  490. 


Adductor    hallucis    obliquus, 
518. 
,,  .,      transversus, 

518. 
,,         longus,  4S9. 
,,         magnus,  490. 
,,         minimus,  491. 
,,         minimi  digiti,  311. 
,,         oculi,  656. 
,,         pollicis       obliquus, 

310. 
,,  ,,  transversus,310. 

,,         tubercle,  175. 
Adrenals  =  suprarenal    body, 

459. 
Adventitious  coat  of  vessel,  77. 
Afferent  nerves,  53. 
After-brain,  538. 
Agger  helicis,  524. 

,,      nasi,  635. 
Agminated  glands,  403. 
Air  cavities  of  head,  638. 

,,    cells  of  lungs,  335. 
Ala  cinerea,  732. 

,,    sacri,  109. 
Alar  cartilages,  634. 
,,    ligaments,  1S8. 
, ,    processes  of  ethmoid,  230. 
,,  ,,  vomer,  233. 

Alcock!s  canal,  445. 
Alisphenoid,  228. 
Allantoic  vessels,  88. 
Allantois,  17- 
Altitudinal  index,  247. 
Alveolar   arch,   inferior,   206, 
240. 
.,  ,,     superior,     234, 

573. 
,,         arteries,  582,  583. 

index,  248. 
,,         plexus,  598, 
Alveoli  of  glands,  22,  397. 

,,         lungs,  340. 
Amnios,  9,  IS. 
Amniotic  cavity,  9,  10. 

folds,  9,  10. 
Amoeboid  motion,  62. 
Ampulla  analis,  409. 

,,        lacrymalis,  646. 

,,        mammary,  264. 

,,        spermatica,  449. 

Ampulla?      of       semicircular 

canals,  682. 
Amygdala?  =  tonsils. 
Amygdalo-glossus  —  outer  part 
of  palato-glossus,  618. 


Amygdaloid  lobe,  716. 

,,  tubercle,  716. 

Anabolic  nerves,  53. 
Anal  fascia,  355. 
,,    glands,  353. 
„    opening,  15. 
Anastomosis,  78. 

,,  crucial,  476. 

,,  scapular,  553. 

Anastomotic  artery  of  arm, 

289. 
„  „         thigh, 

487. 
Anatomical  neck,  39,  141. 
Anatomy,  macroscopic,  1. 
,,         method,  1. 
,,         microscopic,  1. 
,,         systematic,  1. 
,,         topographical,  1. 
Anconeus,  292. 
Andersch's  ganglion,  59. 
Angle,  ethmo-lacrymal,  235. 
,,      of  rib,  115. 
,,      subcostal,  131. 
,,      zygomatic,  234. 
Angular  artery,  562. 

,,       processes,  205,  218. 
,,       vein,  562. 
Angulus  Ludovici,  262. 
Angustia,  646. 
Ankle,  inner,  182. 
,,      outer,  184. 
,,      joint,  198. 
Annectent  gyri,  706. 
Annular   ligament  of    ankle, 

anterior,  501. 
Annular   ligament   of    ankle, 

exterior,  507. 
Annular   ligament   of    ankle, 

posterior,  or  internal,  506. 
Annular    ligament   of    wrist, 

anterior,  309. 
Annular    ligament   of    wrist 

posterior,  291. 
Annulus  ovalis,  323. 
Ano-coccygeal  ligament,  354. 
Ansa  cervicalis,  545. 
„     hypoglossi,  601. 
,,     of  Vieussens,  611. 
Antagonist  muscles,  66. 
Antecubital  fossa,  275,  296, 

497. 
A  nteprostatic      gland  =  Cow- 

per's. 
Anticlinal  vertebra,  105. 
Antihelix,  523. 


75o 


INDEX. 


Antitragicus  in.,  524. 
Antitragus,  523. 
Antrum  Highmorianum,  237, 
639. 
mastoideum,  222,223 
,,         maxillary,  639. 
,,         pylori,  396. 
Anus,  353. 

,,      imperforate,  15. 
Aorta,  abdominal,  419. 
,,       arch,  345. 
,,       coccygeal,  419. 
,,       dorsal,  14. 
,,       sacral,  427. 
„       thoracic,  345. 
Aortic  arches,  14,  85. 
,,       opening,  464. 
,,       plexus,  461. 
,,       septum,  83. 
Aortico-renal  ganglion,  461. 
Apertura  pyriformis,  206,  235. 
Apicum  ligamentum,  123. 
Aponeurosis,  28. 

„  dorsal,  294. 

,,  epicranial,  525. 

,,  intercostal,  125. 

,,  pharyngeal,  615. 

, ,  prevertebral, 

538. 
Apophysis,  68. 

Appendices  epiploica3,407,409. 
Appendicular  skeleton,  46,  9S, 

132. 
Appendix,     vermiform,     387, 

405,  409. 
Aqueduct,  cochlear,  223. 
,,  Fallopian,  223. 

„  Sylvian,  57. 

„  vestibuli,  223,  683. 

Aqueous  humour,  671. 
.Arachnoid  membrane  of  brain 
48,  60,  696. 
„  ,,        cord,  259. 

villi,  60. 
Arantius,  corpora  of,  464. 
,,         duct  of,  87. 
,,         ventricle  of,  736. 
Arbor  vita?  cerebelli,  727. 

,,  uterina,  458. 

Arch,  aortic,  345. 
,,      crural,  170. 
,,      palmar,  deep,  310. 
,,  ,,        superficial,  304. 

,,      plantar,  515. 
Arches,  alveolar,  206,  234,240, 
573. 
,,         of  atlas,  102. 
,,         superciliary,  205,  217, 

521. 
,,         vertebral,  98. 
,,         zygomatic,  219. 
Arciform  fibres,  734. 
Arcuate  ligaments,  159. 
Area,  embryonic,  5. 
,,      vascular,  12. 
Areola,  mammary,  263. 
,,       primary,  38. 


Areola,  secondary,  39. 
Areolar  tissue,  29. 
Arm,  dissection  of,  261. 
,,     fascia  of,  281. 
,,     lymphatics  of,  281. 
,,     pit,  262. 
,,     skin  of,  275. 
,,     surface-markings  of,  275. 
Arnold's  ganglion,  601. 

,,         nerve,  607. 
Arterial  blood,  74. 

,,        sulcus  =  sinus   atlan- 

tis,  102. 
,,        system,  development 
of,  77,  85. 
Artery,  aberrant,  555. 
,,       acoustic,  697. 
,,       acromio-thoracic,  270. 
,,       anastomotica  of  arm, 

289. 
,,       anastomotica  of  thigh, 

487. 
,,       angular,  562. 
,,       articular,  of  knee,  500, 

509. 
, ,       auricular,     posterior, 

563. 
,,       axillary,  269. 
,,       basilar,  697. 
,,       brachial,  288. 
,,       brachio-cephalic  =  in- 
nominate, 558. 
,,       bronchial,  341,  347. 
,,       buccal,  561. 
,,       calcanean,  514. 
,,       capsular,  422. 
,,       carotid,  common,  551. 
,,  ,,       external,  559. 

,,  ,,        internal,  528, 

602,  680,  698. 
,,       carpal,  anterior,  297, 

304. 
,,  „      posterior,  297, 

304. 
,,       cavernous,  360. 
,,       centralis  retime,  657. 
, ,       cerebellar,      anterior, 

697. 
,,  ,,  posterior, 

697. 
,,  ,,  superior, 

697. 
,,       cerebral,  anterior,  698. 
,,  ,,      middle,  699. 

,,  ,,      posterior,  698. 

, ,       cervical    ascending, 

553. 
,,  ,,     deep,  555,  258. 

,,  ,,     descending, 

563. 
,,  ,,    supei-ficial,553. 

,,  ,,     transverse,  553. 

,,       choroid,  698. 
, ,       ciliaries,  anterior,  657. 
„  ,,       posterior,  657. 

,,       circumflex,    anterior, 
271. 


Artery,   circumflex,  external, 
491. 
,,  ,,     posterior,  271. 

,,  ,,     femoral,      in- 

ternal, 492. 
,,  ,,     iliac,external, 

369. 
,,  ,,       ,,     internal, 

427. 
,,       coccygeal,  419. 
,,       cceliac,  421. 
,,       colic,  left,  423. 

,,     medial,  423. 
,,     right,  423. 
, ,       comes  nervi  ischiadic!, 

476. 
,,  „  mediani, 

304. 
,,  ,,  phrenici, 

554. 
,,       communicating,      an- 
terior, 699. 
, ,       communicating,    pos- 
terior, 698. 
,,       coronary,  left,  321. 
,,  ,,         lower,  561. 

„         right,  321. 
,,  ,,         upper,  561. 

,,       of    corpus    callosum, 

699. 
,,       costo-cervical,  555. 
,,       cremasteric,  428. 
,,       crico-thyroid,  560. 
,,       cystic,  422. 
,,       deferential,  426. 
,,       dental,  anterior,  583. 
,,  ,,      inferior,  582. 

,,  ,,      superior,  583. 

, ,       dorsal,  of  clitoris,  350. 
„  ,,         penis,  360. 

,,       dorsalis  hallucis,  514. 
,,  ,,       scapulas,  270, 

427. 
,,       epigastric,  deep,  428. 
,,  ,,         superficial, 

369. 
,,  .,        superior, 

534. 
,,       ethmoidal,  65S. 
,,       facial,  561. 
,,       femoral,  485. 
,,       frontal,  658. 
,,       gastric,  422. 
,,       gastro-duodenal,  422. 
,,  ,,       epiploic,     left, 

422. 
„  ,,         „     right,  422. 

„       gluteal,  425,  474. 
,,       hemorrhoidal  =  rec- 
tal, 426. 
,,       hepatic,  422. 
,,       hypogastric,  3S5,  426. 
,,       ileocolic,  423. 
,,       iliac,  common,  424. 
,,  ,,     external,  427. 

,,  ,,     internal,  425. 

,,       iliolumbar,  425. 
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Artery,  infraorbital,  583. 
innominate,  55S. 
intercostal,  347. 

,,     superior,  555. 
interosseous,    pos- 
terior, 299. 
labial,  inferior,  561. 
lacrymal,  657. 
laryngeal,       inferior, 
552. 
,,  superior, 

560. 
lingual,  560. 
lumbar,  421. 
malleolar.  505. 
mammary,     external, 
270. 
,,        internal,  554. 
masseteric,  583. 
maxillary,    internal, 

564,  581. 
median,  304. 
mediastinal,  554. 
medullary,  40. 
meningeal,     anterior, 
582. 
,,     middle,  582. 
,,     posterior,  562. 
,,     small,  582. 
mesenteric,     inferior, 
423. 
,,     superior,  422. 
metacarpal,     radial, 
297. 
,,  ulnar,  304. 

metatarsal,  504. 
musculo-phrenic,  554. 
mylo-hyoid,  582. 
nasal,  657. 

,,     lateral,  561. 
,,      septal,  584. 
nutrient,  femoral,  492. 
,,        fibular,  514. 
, ,        humeral,  289. 
nutrient,  tibial,  514. 
obturator,  426,  494. 
occipital,  562. 
oesophageal,  257. 
of  bulb,  360. 
ophthalmic,  656. 
ovarian,  424. 
palatine,  ascending, 
562. 
,,       superior,  583. 
palmar,  deep,  297, 310. 
palpebral,       inferior, 
658. 
, ,  superior, 

658. 
pancreatica      magna, 

422. 
pancreatico-duodenaL 

422,  423. 
perforating,  491. 
pericardiac,  554. 
perineal,     superficial, 
359. 


Artery,  peroneal,  514. 

,,        anterior,  514. 
pharyngea  ascendens, 

562. 
phrenic,  inferior,  420. 
, ,        superior,  554. 
plantar,  external,  514. 
,,       internal,  514. 
popliteal,  499,  509. 
princeps       cervical  is, 
257,  563. 
,,        pollicis,  297. 
profunda  cervicis,554, 
258. 
,,        femoris,  491. 
,,        inferior,  2S8. 
,,       superior,  288. 
pterygoid,  583. 
pterygo  -  palatine    — 
pterygo  -pharyngeal, 
583. 
pubic,  369. 
pudic,    internal,   355, 

359,  477. 
pulmonary,  336. 
pyloric,  inferior,  422. 
, ,        superior,  422. 
radial,  297. 

,,        inferior,  297. 
ranme,  561. 
rectal,  middle,  426. 

,,       superior,  423. 
renal,  423,  440. 
sacral  lateral,  425. 

,,  medial,419,427-4. 
scapular  posterior, 
sciatic,  427,  476. 
sigmoid,  423. 
spermatic,  384,  424. 
spheno-palatine,  583. 
spinal  anterior,    552, 

697,  737. 
spinal  posterior,  552, 

697. 
splenic,  422. 
sterno-mastoid,  562. 
stylo-mastoidea,    563. 
subclavian,  548. 
sublingual,  561. 
submental,  561. 
subscapular,  270. 
superficial      cervical, 
553. 
„  volar,  297. 

supraorbital,  658. 
suprascapular,  553. 
renal,  422. 
scapular,  553. 
stepeclial,  562. 
tarsal,  505. 
temporal,  deep,  583. 
,,  superficial,  563. 
thoracico- a  c  r  o  m  i  a  1, 
270. 
,,        dorsalis,  271. 
,,        longa,  270. 
,,        superior,  270 


Artery,  thyroid  axis,  552. 
,,  ,,       ima,  631. 

,,  ,,       inferior,  552. 

,,  ,,       superior,  560. 

,,       tibial,  anterior,  504. 
,,  ,,     posterior,  514. 

,,       tonsillar,  561. 
,,       transverse      cervical, 

553. 
,,  ,,  facial,  564. 

,,  ,,  humeral, 

553. 
,,  ,,  perineal, 

359. 
,,  ,,  of       pons, 

697. 
,,       tympanic,  562. 
„       ulnar,  302. 
„       umbilical,  3S5,  426. 
,,       uterine,  426. 
„       vaginal,  422,  426. 
,,       vertebral,  551. 
,,       vesical,  inferior,  360. 
„  ,,       superior,  426. 

, ,      Vidian,  583. 
Articular  ends  of  bones,  41. 
, ,         mass  of  vertebra,  99, 

112. 
,,  popliteal      arteries, 

500,  509. 
,,  ,,       nerves,  493. 

,,         processes,  99. 
Articulation,  acromio-clavicu- 
lar,  141. 
atlanto-axial,  123. 
calcaneo  -  astraga  - 

loid,  200. 
calcaneo    -    cuboid, 

200. 
acromio  -  clavicular, 

140. 
astragalo-navicular, 

201. 
astragalus  to  os  cal- 

cis,  200. 
atlo-axoidean,  123. 
of  bones  of  the  tym- 
panum, 689. 
of  carpal  bones,  160. 
carpo  -  metacarpal, 

161. 
chrondo   -   sternal, 

127. 
coraco  -  clavicular, 

140. 
of  costal  cartilages, 

127. 

costo-clavicular,  140 

,,     vertebral  124. 

crico-arytenoid,624. 

,,    thyroid,  622. 

of  cuneiform  bones, 

201. 
cuneiform  to  cuboid, 

201. 
cuneiform  to  navi- 
cular, 201. 
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Articulation,  femoro-tibial  or 

knee,  185. 
humero-cubital     or 

elbow,   151. 
ilio-femoral  or  hip, 

177. 
of  lower  jaw,  243. 
of    the    metacarpal 

bones,  161. 
metacarpo  -  phalan  - 

geal,  162. 
metatarsal,  202. 
metatarso  -  phalan  - 

geal,  202. 
occipito   -  atlantic 
123. 
,,         axial,  124. 
os  calcis  to  cuboid, 
201. 
,,        scaphoid, 
201. 
peroneo-tibial,  191. 
phalangeal         of 

fingers,  162. 
phalangeal  of  toes, 

202. 
of  pubic  symphysis, 

168. 
radio-carpal      or 

wrist,  159. 
radio-cubital,       in- 
ferior, 153. 
radio  -  cubital, 

superior,  154. 
sacro-iliac,  16S. 
scaphoid  to  cuboid, 
202. 
,,      cuneiform, 
202. 
scapulo  -  humeral, 

145. 
sterno  -  clavicular, 

139. 
tarsal      transverse, 

199. 
tarso  -  metatarsal, 

200. 
temporo    -    mandi- 
bular, 243. 
thyro-arytenoid,624 
tibio-tarsal,  198. 
of  vertebra?,  119. 
Articulations,  41. 
Aryteno  -  epiglottidean     fold, 
620. 
,,  membrane,  627. 

Arytenoid  cartilage,  623. 

,,         muscle,  625,629. 
Aryteno-vocales,  629. 
Aselli,  pancreas  of,  433. 
Aspera  linea,  174. 
Astragalo-caicanean    capsule, 
199. 
,,         fibular      ligament, 

anterior,  199. 
,,         fibular      ligament, 
posterior,  199. 


Astragalus,  192. 
Atavistic  varieties,  2. 
Atlantoaxial  ligaments,  123. 

,,       occipital  joint,  127. 
Atlas,  102. 

,,      oblique     ligament    of, 

123. 
,,      ossification  of,  113. 
Atrium  nasi,  635. 
Attollens  aurem,  527. 
Attrahens  aurem,  527. 
Auditory  meatus  externus,  205, 
691. 
,,  ,,      interims,  213. 

,,       nerve,  684. 
,,       vesicle,  16. 
Auerbaeh's  plexus,  399,  403. 
Auricle  of  ear,  523. 

„       of  heart,  76,  322,  327. 
,,       primary,  81. 
, ,       right,  of  the  heart,  322, 
327. 
Auricular  appendix,  81,  329. 
,,         canal,  81. 
facet,  110. 
,,         septum,  84. 
,,         spine,  164. 
Auriculotemporal  nerve,  597- 
, ,       ventricular      groove, 
anterior,  320. 
Axial  attachments  of  muscles, 
66. 
,,     ligaments,  121. 
,,     skeleton,  98. 
Axilla,  262,  266. 
Axillary  artery,  269,  667. 
line,  262. 
,,         region,  261. 
vein,  26S. 
Axis,  103. 

,,     cylinder  of  nerves,  50. 
,,     thyroid,  553. 
Azygous  articular  arteries,  500. 
,,        bronchus,  340. 
vein,  348. 

Back,  dissection  of,  249. 

„       skin  of,  249. 
Barlow's  formula,  78. 
Bartholin,  glands  of,  365. 
Basal  line,  204. 

,,     triangle,  135. 
Basement  membrane,  21, 26, 27. 
Basihyal,  243. 
Basilar  artery,  697. 

,,       foramen,  226. 

,,       plate,  245. 

,,       process,  210. 
Basilaris  norma,  205. 
Basilic  vein,  278. 
Basioccipital,  215. 
Basipterygium,  47. 
Basisphenoid,  225. 
Bell,  muscles  of,  448. 
Bellini,  straight  tubes  of,  440. 
Belly  of  muscle,  66. 
Bend  of  elbow,  275. 


Bertin,  bones  of,  225. 
,,       columns  of,  438. 
,,       ligament  of,  178. 
Bichat's  section,  611. 
Biceps  cruris,  497. 
,,        cubiti,  286. 
Bicipital  fascia,  282. 
,,         groove,  142. 
,,        sulci,  275. 
Bicuspid  teeth,  568. 
Bigelow,  ligament  of,  178. 
Bilateral  symmetry,  6. 
Bile  ducts,  411. 
Bipenniform  muscles,  70. 
Bipolar  retia,  80. 
Biventer  cervicis,  257. 
Bladder,  female,  453. 
,,         male,  447. 
,,         ligaments    of,    393. 
443. 
Blandin's  gland,  594. 
Blastodermic  vesicle,  5. 
Blastomeres,  5. 
Blastopore,  6. 
Blood,  73. 

,,       arterial,  74. 
,,       capillary,  74. 
,,       corpuscles,  13,  74. 
,,       origin  of,  12. 
,,       vessels,  12. 
,,       venous,  74. 
Bochdalek,     pseudo-ganglion 

of,  662. 
Bodies,  polar,  5. 

,,        Pacchionian,  61. 
,,       vertebral,  100. 
Body  of  ilium,  164. 
,,     perineal,  366. 
,,     of  pubis,  166. 
„     of  rib,  115. 
,,     suprarenal,  459. 
,,     thyroid,  15. 
Bone,  26,  32. 

,,      composition  of,  32. 
,,      classification  of,  32. 
,,      dermal,  38. 
,,      fibres  of,  34. 
,,      formation  of,  37. 
,,      membrane,  38. 
,,      properties  of,  45. 
,,      structure  of,  34. 
Bones,  sesamoid,  68. 
,,      of  ear,  688. 
,,      number  of,  98. 
Bowman's  capsules,  438. 
,,         glands,  637. 
,,  layerof  cornea,66S^ 

Brachia,  723. 
Brachial  artery,  288. 

,,         enlargement,  736. 
,,        plexus,  272. 
Brachialis  anticus,  286. 
Brachycephalism,  248. 
Brain,  693. 

,,      convolutions  of,  705. 
,,      development  of,  57. 
,,       removal  of,  527. 
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Brain,  vesicles,  11. 
Breast,  262. 
Broclie's  bursa,  184. 
Broad  ligament  of  uterus,  454. 
Bronchial  artery,  341,  347. 
tubes,  339,  340. 
Bronchioles,  340. 
Broncho-oesophagus,  340. 
Brunner's  glands,  402. 
Brucke's  muscles,  620. 
Buccal  artery,  561,  581. 

,,       glands,  600. 

„       nerve,  600. 
Buccinator,  537,  585. 
Bulb,  artery  of,  359. 
,,     olfactory,  717. 
,,     urethral,  453. 
,,     vaginal,  364. 
Bulbo-cavernosiis,  358. 
Bulbus  aortte,  345. 
Bulla  ethmoidalis,  636. 
Burdach,  column  of,  733. 
Burns'  space,  539. 

,,      ligament  =  Hey's   liga- 
ment, 481. 
Bursa,  48. 

,,      ischiatic,  355. 

,,      olecranon,  277. 

,,      ovarica,  455,  458. 

,,      pharyngea,  616. 

,,       prepatellar,  483. 

,,       subcrural,  489. 
Burton's  line,  566. 

Caecum,  387. 

„         foramen,    211,    218, 
230,  391. 
Calamus  scriptorius,  732. 
Calcaneo-astragular  joint,  200. 
,,         cuboid  ji lint,  200. 
,,         navicular  ligaments, 
201. 
Calcaneum,  193. 
Calcanean  arteries,  514. 
Calcar  femorale,  176. 
Calcarine  sulcus,  703. 
Callosal  convolution,  705. 
Calloso-marginal  sulcus,  702. 
Callosum  corpus,  712. 
Callus,  32. 
Calyces  renal,  442. 
Camper's    intercolumnar 
bands,  374. 
,,  fascia,  372. 

Canal,  central,  56. 
cochlear,  6S2. 
condyloid,  210. 
crural,  4S2. 
Fontana's,  672. 
of  Gartner,  454. 
of  Hensen,  682. 
Haversian,  34. 
of  Huguier,  220. 
infraorbital,  236. 
inguinal.  378. 
innominate,  227. 
neural,  10. 


Canal,  neurenteric,  15. 
,,       of  Nuck,  457. 
,,       palatine  anterior,  236. 
, ,  , ,        posterior,  238. 

,,       perivascular,  81. 

of  Petit,  677. 
,,       Richet's,  376. 
. ,,       of  Scarpa,  236,  635. 
,,       of  Schlemm  =  circular 
vein  of  ciliary  body, 
669. 
,,       semicircular,  681. 
,,       of  Stenson,  237,  635. 
Canaliculi  of  bone,  36. 

,,  lacrymal,  645. 

Canalis  hypoglossi,  2;0. 

,,       reuniens,  682. 
Cancelli,  34,  9S,  176,  149. 
Canine  fossa,  206,  20S,  239. 

,,      teeth,  568,  570. 
Canthus,  external  and  inter- 
nal, 521. 
Capillaries,  79. 
Capitulum,  143. 
Capsular  ligament,  47. 

„     of  ankle,  198. 
,,  ,,     of  elbow,  151. 

,,  ,,     of  hip,  17S. 

,,  ,,     of  knee,  1S6. 

,,  ,,     of     shoulder, 

145. 
,,  ,,     of  wrist,  159. 

Capsule,  external,  717. 
,,         of  Glisson,  412. 
,,         internal,  717. 
,,         of  lens,  679. 
,,         suprarenal,  459. 
,,         Tenon's,  652. 
Caput  r/aUinai/inis  =  colliculus 

seminalis,  452. 
Cardiac  glands,  39S. 
,,        muscle,  62. 

nerves,  350,  609,  611. 
,,        orifice,  395. 
,,        plexus,  350. 
,,        veins,  321. 
Cardinal  veins,  86. 
Carina  vaginse,  459. 
Carnese,  columnar,  324. 
Carotico-cUnoid  ligament,  229. 
,,       tympanic  tubules,  223. 
,,  ,,         nerves,  691. 

Carotid  artery,  common,  557. 
„  ,,         external,  554. 

,,  ,,         internal,  602, 

680,  698. 
,,        foramen,  210. 
.  ,,        ganglion,  6S0. 
,,        plexus,  680. 

ridge,  223. 
,,        triangle,  556. 
,,        tubercle,  102. 
Carpal  arteries,  297,  304. 
,,      articulations,  160. 
,,      bones,  47,  154. 
,,  ,,      morphology  of, 

156. 


Carpal  and  tarsal  bones  com- 
pared, 196. 
Carpo-metacarpal     articula- 
tions, 161. 
Cartilage,  26,  30. 

,,         accessory  quadrate, 

634. 
,,         alar,  634. 
,,         arytenoid,  623. 
,,         costal,  31. 
,,         cricord,  622. 
,,         cuneiform,  624. 
,,         ear,  523. 
,,         ensiform,  117. 
,,         Eustachian,  617. 
,,         forms  of,  30,  31. 
,,         interarticular,     31, 

43. 
,,         Jacobsonian,      634, 

636. 
,,         Meckel's,  242. 
,,         nasal,  634. 
,,         ptery  go-quadrate, 

246. 
,,         semilunar,  178. 
,,         septal,  634. 
,,         sesamoid,  31,  634. 
,,         subpharyngeal,  596. 
Caruncula  lacrymalis,  640. 
,,  major,  402. 

,,  myrtiformes,  363. 

Cauda  equina,  00. 
,,       helicis,  524. 
Caudal  vertebrae,  9S. 
Caudate  lobe,  410. 

,,       nucleus,  716. 
Cavernous  ganglion,  680. 
,,  plexus,  680. 

,,  sinus,  533. 

,,  tissue,  81. 

Cavity,  abdominal,  386. 
,,       glenoid,  133. 
,,       mouth,  585. 
,,        pleuro-peritoneal,  8. 
,,        prseperitoneal,  3S5. 
,,       sigmoid,  greater,  144. 
,,  ,,         lesser,  150. 

Cells,  2. 

„     gland,  22. 
,,      goblet,  22. 
,,      lamellar,  26. 
,,      multiplication  of,  4. 
,,      plasma,  26. 
,,      prickle,  53. 
„      wall  of,  2. 
Cement,  570. 
Central  lobe,  705. 
Centrale  os,  196. 
Centro-acinar  cells,  40S. 
Centrum  ovale  majus,  712. 
,,  ,,       minus,  7J2. 

Cephalic  index,  247. 
Cerato-hyal,  "243. 
Cerebellar  arteries,  697. 
Cerebellum,  726. 
Cerebral  arteries,  698. 
„        veins,  700. 
48 


754 


INDEX. 


Cerebrum,  700. 
Ceruminous  glands,  692. 
Cervical  ascending  artery,  553. 
,,  muscle,  255. 

, ,        deep  artery,  258,  554. 
,,        fascia,  537. 
,,        flexure,  16. 
,,        ganglia,  610. 
,,        plexus,  541. 
,,        superficial  nerve,  542. 
,,        vertebrae,  98. 
Cervico- axillary  passage,  267. 

„       costal  joints,  122. 
Cervix  uteri,  457. 
Chamber  of  eye,  anterior,  669. 
,,  ,,        posterior,  671, 

679. 
Check  ligaments,  128. 
Cheeks,  566. 
Chin,  double,  536, 
Chiasma,  optic,  693. 
Choame,  211,  616. 
Chondro-epitrochlearis,  266. 
,,         fascialis,  2.til. 
,,         glossus,  5S7. 
,,         humeralis,  261. 
,,         sternal  joint,  127. 
Chondrostosis,  38. 
Chopart's  line,  196. 
Chorda  tympani,  599. 
Chorda?  tendineae,  325. 
,,        vocales,  624. 
Willisii,  5:S2. 
Chorio-capillaris,  669. 
Chorion  frondosum,  19. 

„        laeve,  19. 
Choroid  coat,  669. 

,,       plexus,  713. 
Chromatin,  3. 
Chyle,  76. 
Cilia,  25. 

Ciliary  arteries,  657. 
,,       body,  669,  670. 
,,       ganglioD,  59,  656. 
,,       ligament,  669. 
,,       muscle,  670. 
,,       nerves,  656. 
,,       processes,  670. 
Ciliated  epithelium,  25. 
Circle,  arterial,  of  iris,  669. 
„      of  Willis,  69S,  699. 
Circular  sinus,  533. 
Circulation,  76,  S8. 
Circumduction,  44. 
Circumflex    artery,    anterior, 
271. 
,,  ,,  external, 

491. 
,,  ,,  internal, 

491. 
,,  ,,         posterior, 

271. 
,,  [j  iliac,  deep,  427. 

,,  ,,      superficial, 

369. 
,,  nerve,  273. 

Circumvallate  papillae,  592. 


Claustrum;  716. 
Clava,  733. 
Clavicle,  137. 

,,        development  of,  139. 
Clavicular  region,  261. 
Cleavage  of  yolk,  6. 
Cleido-mastoid  muscle,  540. 
, ,      occipital  muscle,  540. 
Clinoid     processes,     anterior, 
211. 
,,  ,,  posterior, 

213,  225. 
Clitoris,  363. 
Clivus,  215,  225. 
Cloaca,  18. 
Cloquet,  septum  of,  482. 

,,     pseudo-ganglion  of,  635. 
Coccygeal  artery,  419. 

,,         glomerulus,  354. 
,,         nerve,  477. 
Coccygeus,  362. 
Coccyx,  48,  98,  111. 
Cochlea,  683. 
Cochlear  canal,  682. 
,,       nerve,  684. 
Cochleariform  process,  224. 
Cochleoid  ginglymus,  44. 
Coeliac  artery,  421. 
,,      plexus,  460. 
Ccelom,  S,  387. 
Cohnheim's  fields,  64. 
Colic  arteries,  423. 
Colles's  fascia,  356,  370. 

,,      triangular       ligament, 
374. 
Colliculus  bulbi,  452. 

,,         seminales,  452. 
Colon,  387,  404. 
Column,  anterior,  of  cord,  739. 
,,        lateral,  of  cord,  739. 
,,        of  Clarke,  57. 
,,        of  Goll,  56. 
,,        vertebral,     functions 
of,  128. 
Columna  nasi,  522,  633. 
Columna?  carneae, 

recti,  353,  410. 
,,        rugarum,  459. 
Columnar  epithelium,  23. 
Columns  of   spinal  cord,   56, 

739. 
Commissure,  anterior,  of  brain, 
718. 
,,  ,,         of  cord, 

737. 
middle,  720. 
,,  optic,  693. 

,,  posterior,  720. 

,,  soft  =  middle,720. 

Commissui'es  of  cord,  718,  737. 

, ,  of  vulva,  363. 

Complexus,  257. 
Compressor  nasi,  633. 

,,         narium  minor,  633. 
,,         urethra?,  361. 
,,         vena?  dorsalis  penis, 
Houston's,  358. 


Compressor      vena?      dorsalis 

penis,  Kobelt's,  358. 
Conarium,  722. 
Concha  suprema,  231, 523, 637. 
Condylarthosis,  44. 
Condyle,  44. 

,,        of  femur,  175. 
,,        of  jaw,  241. 
,,        occipital,  210,  214. 
Condyloid  foramen,  210,  213, 
214. 
,,  fossa,  214. 

Cone  of  fat,  orbital,  651. 
Cones  of  retiua,  675. 
Confluens  lateralis,  534. 
Coni  vasculosi,  382. 
Conjoined  tendon,  375. 
Conjugal  ligament,  126. 
Conjunctiva,  522,  640. 
Connective  tissue,  21,  26. 
Conoid  ligament,  140. 
Conns  arteriosus,  81. 

„      terminalis,  260,  736. 
,,      venosus,  81. 
Constrictor     pharyngis,      in- 
ferior, 615. 
,,  ,,  medius,  615. 

,,  ,,   superior,  615. 

,,  vaginas,  364. 

Convolutions,  cerebral,  700. 
Cooper,  oblique  band  of,  152. 
,,       reflected    tendon    of, 

376. 
,,       suspensory  ligament, 
264. 
Coraco-acromial       ligaments, 
136,  140. 
,,      brachialis  muscle,  287. 
, ,      clavicular  articulation, 

140. 
,,      glenoid  ligament,  136. 
,,      humeral  ligament,  145. 
,,      scapular  ligament,  136. 
Coracoid  process,  133. 
Cordiform  tendon,  463. 
Cord,  spermatic,  367. 

, ,      spinal,  development  of, 
56. 
Corium,  92,  93. 
Cornea,  640,  667- 
Cornicula,  624. 

Cornua  of  lateral  ventricle  ,712, 
713. 
,,       sacral,  110. 
,,       sphenoidalia,  225. 
Cornu  ammonis,  715. 

,,       sacral,  110. 
Corona  ciliaris,  670. 
,,      glandis,  371. 
Coronal  section,  2. 

suture,  203. 
Coronoid  process,  150,  271. 
Coronary  vessels  of  heart,  321. 
,,      artery   of    stomach    = 

gastric,  425. 
„      ligament  of  liver,  392. 
„  „  knee,  189. 
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Coronary  plexus,  350. 
,,  sinus,  321. 

,,  vein,  321. 

Corpora    albicantia  =  mamil- 
laria,  694. 
,,        Arantii,  326. 
,,        cavernosa    clitoridis, 

363. 
,,  ,,         penis,  380. 

,,        mammillaria,  694. 
,,        olivaria,  694. 
,,        Pacchioni,  532. 
,,        pyramidalia,  694. 
,,        restiformia,  694. 
Corpus  callosum,  705,  712. 
„      ciliare,  669,  700. 
,,      dentatum,  729. 
,,      nmbriatum,  715. 
,,      geniculatum        exter- 
num, 720. 
,,  ,,      internum, 

720. 
,,       Highmorianum,  381. 
,,      luteum,  455. 
, ,      spongiosum    urethra?, 

453. 
,,      striatum,  58,  713. 
,,       tympanicum,  605. 
Corpuscles,  blood,  74. 

,,  „        embryonic, 

13. 
,,  Hassall's,  343. 

,,  Malpighian,  435. 

,,  Pacinian,  54. 

,,  touch,  74. 

Corrugator  cutis  ani,  354. 
,,  supercilii,  642. 

Cortex,  cerebri,  707- 

,,      of  kidney,  43S. 
Corti,  arch  of,  686. 
,,      canal  of,  686. 
Costal  cartilages,  117. 

,,       processes,  100,  101. 
Costce  =  scapular  margins,  132. 
Costo-clavicular  ligament,  140. 
,,     coracoidmembraue,266. 
,,     cervical  joints,  122. 
„     mediastinal  sulcus,  321. 
„     sternal  joint,  127. 
,,     transverse  foramen.  100. 
„  „         joint,  124. 

,,  ,,  lamella,  101. 

,,     vertebral  joints,  124. 
,,     xiphoid  space,  465. 
,,  ,,       ligament,  127. 

Cotunnius,   nerve  of   —  Naso- 
palatine, 664. 
Cotyloid  ligament,  43,  178. 
Coverings  of  inguinal  hernia, 
379. 
,,  femoral    hernia, 

4S2. 
Cowper's  glands,  360. 
Crampton's  muscle,  670. 
Cranial  flexure,  16. 
,,         fossae,  211. 
„         muscles,  72. 


Cranial  nerves,  695. 
Cranio-cerebral     topography, 

706. 
Cremaster,  375. 
Cremasteric  artery,  428. 
fascia,  379. 
Crena  clunium,  353. 
Crest,    anterior     epiphysary, 
148. 
,,     infratemporal,  228. 
,,     lacrymal,  206. 
,,     pronator,  148. 
,,     supinator,  180. 
Cribriform  fascia.  481. 

plate,  229,  230. 
Crico-arytenoid  joint,  624. 

,,  muscle,  lateral, 

628. 
, ,  muscle,      pos- 

terior, 627. 
Cricoid  cartilage,  622. 
Crico- thyroid  joint,  624. 

,,  membrane,  623. 

,,  muscle,  627. 

,,  space,  525. 

Crista  acustica,  6S5. 
,,       capituli,  114. 
,,      colli,  inferior,  115. 
,,  ,,     radii,  147. 

,,         ,,     superior,  115. 
,,      ethmoidalis,  237,  239. 
„      galli,  211,  230. 
,,      lacrymalis,  232. 
,,      malaris,  227. 
,,      orbitalis,  228. 
,,      sphenoidalis,  226. 
,,      spheno-maxillaris,  228. 
,,      spiralis,  685. 
,,      turbinalis,  237,  239. 
,,      vestibuli,  6S3. 
Crucial  ligament,  anterior, 
189. 
, ,  posterior, 

189. 
, ,  of     elbow, 

153. 
Crura  cerebelli,  696,  728. 
,,      cerebri,  694,  724. 
,,      of  diaphragm,  464. 
Crural  arch,  170. 
,,      canal,  482. 
,,      hernia     —     femoral 

hernia,  482. 
,,      ring,  482. 
„      sheath,  482. 
,,     septum,  482. 
,,      nerve     anterior,     467, 
487. 
Crureus  muscle,  489. 
Crus  pinealis,  720. 
Crusta,  725. 

Crypto-heteroneural,  73. 
Crypts  of  Lieberkiihn,  403. 
Crystalline  lens.  677. 
Cubical  epithelium,  23. 
Cuboid  bone,  195. 
,,       tubercle,  194. 


Cuneiform    bones    of    tarsus, 
195. 
, ,  , ,  carpus, 

155. 
,,  cartilage,  624. 

Cuneus,  705. 
Cupola,  6S4. 
Cuticle,  93. 
Cuvier,  duct  of,  S6. 
Cylinder  cones,  52. 

,,        epithelium,  23. 
Cystic  artery,  422. 
„      duct,  411. 

DaPtOS,  356,  369. 
Debove's  membrane,  25,  339. 
Decidua,  19. 

Decussation  of  pyramids,  696. 
Deep  (definition),  2. 

,,     fascia,  94. 
Deferential  artery,  426. 
Deglutition,  620. 
Deltoid  ligament.  1 9S. 

,,        muscle,  2S2. 

,,        tuberosity,  142. 
Dental  arteries,  582,  5S3. 

,,       consonants,  574. 

,,       nerves,  598,  662. 
Dentate  suture,  41. 
Denticulate  ligament,  260. 
Dentine,  569. 
Dentition,  572. 
Depressions,  pectoral,  118. 
Depressor,  ala?  nasi,  537. 
,,         anguli  oris,  536. 
,,  ,,     inferioris,  537. 

Dermal  bones,  3S. 
Descemet's  membrane,  668. 
Descendens  cervicis,  544. 

,,  noni  =  D.  cervicis. 

Detrusor  urinae,  447. 
Diaphysis,  33. 
Diaphragm,  462. 

,,        development  of,  466. 
Diaphragmato-costal       sinus, 

316. 
Diarthrosis,  42. 
Diaster,  4. 
Diblastula,  6. 
Digastric  groove,  210. 
lobe,  727. 

,,  muscle,  556. 

Digestive  organs,  14. 
Digital  arteries,  305. 

,,       depression,  240. 

,,       fossa,  172,  380,  386. 

,,       nerves,  305. 

,,       veins,  500. 
Dilator  naris,  anterior,  633. 
Diploic  veins,  534. 
Diploneural  muscles,  73. 
Discs,  intervertebral,  121. 
Disdiaclasts,  63. 
Diverticulum  Vateri,  401,  412. 

,,  Meckelii,  404. 

Dolichocephaly,  218. 
Dolichohieric,  111. 
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Dolichopellic,  172. 
Dome-like  fascia,  539. 
Dorsal  aorta,  14. 

,,       aponeurosis,  294. 
,,      laminae,  7. 
,,      muscles,  71,  250. 
,,      nerves,  259. 
,,      veins,  259. 
,,      vertebrae,  98. 
Dorsum  ephippii  or  sella?,  213, 
225,  531. 
ilii,  164. 
Dorsi-axillaris,  252. 

,,     epitrochleai-is,  252. 
,,     scapular  nerve,  272. 
Douglas's  fold,  377. 
Duodenum,  400. 
Duodeno  jejunal  flexure,  401. 
Duct,  Bartholin's  =  Rivinian, 
„      of  Cuvier,  S6.  [589. 

,,      common  bile,  411. 
,,      communis  choledochus, 

411. 
,,      cystic,  411. 
,,      ejaculatory,  449. 
,,      endolymphatic,  681. 
,,      hepatic,  411. 
,,      lacrymal,  645. 
,,      Leydig's,  17. 
,,      Midler's,  17. 
,,      nasal.  646. 
,,      nasopharyngeal,  638. 
,,      pancreatic,  418. 
„      Rivinian,  589. 
,,      Stenson's,  566,  575. 
,,      thyroglossal,  632. 
,,      thoracic.  434,  550. 
,,      Walther's,  589. 
,,      Wharton's,  589. 
,,      Wirsuns's,  402,  418. 
„      Wolffian,  17,  454. 
Ductus  arterosus,  337. 

,,      lymphaticus   dexter, 

550. 
,,       venosus,  87,  454. 
Dura  mater  of  brain,  529. 
of  cord,  259. 

Ear,  external,  523. 

„     muscles  of,  527. ' 
Ectochondral  ossification,  38. 
Ectoderm,  5. 
Ectostosis,  38. 
Efferent  nerves,  ?3. 
Ehrenritter's  ganglion,  603. 
Ejaculatory  duct,  449. 
Elastic  tissue,  26,  29. 
Elasticity,  modulus  of,  45. 
Elbow,  151. 

,,      and    knee    compared, 
191. 
Eleidin,  21. 
Embryology,  4. 
Embiyonal  varieties,  2. 
Embryonic  area,  5. 

,,      blood-corpuscles,  13. 
Eminence,  frontal,  405. 


Eminence,  hypothenar,  275. 

,,         jugular,  213. 

,,         parietal,  216. 

,,         thenar,  275. 
Eminentia  arcuata,  213,  223. 

teres,  732. 
Emissary  veins,  534. 
Emulgtnt  vein  —  Renal,  429. 
Enamel,  569. 

,,         germ,  572. 
Enarthrodial  joints,  43. 
Enchylema,  3. 
End  arteries,  78. 
End-bulbs,  54. 
Endoderm,  5. 
Endolymph,  682. 
Endolymphatic  duct,  681. 

,,  sac,  681 

Endomysium,  64. 
Endoneurium,  52. 
Endosteum,  37. 
Endostosis,  38. 
Endothelium,  26,  27. 
Endothoracic  fascia,  304. 
End  plates,  54. 
Ensilorm  cartilage,  117- 
Entochondral  ossification,  38. 
Eparterial  bronchus,  340. 
Epaxial,  71. 
Ependyma,  57. 
Epencepbalon,  57. 
Ephippial  joints,  43. 
Epiblast,  5, 
Epieanthus,  522. 
Epicardium,  82,  319. 
hpicondyle,  external,  142. 
,,  femoral,  175. 

,,  internal,  143. 

Epicranial  aponeurosis,  525. 
p]pidermis,  92. 
Epididymis,  380,  388. 
Epidural  space,  61,  529. 
Epigastric  arteries,  427,  554. 
gland,  481. 

,,  region,  368. 

Epiglottis,  623. 
Epihyal  =  stylo-hyoid  liga- 
ment, 221. 
Epineurium,  52. 
Epiotic,  224. 
Epijihysary  crest,  148. 
Epiphysis.  33,  40. 
Epipterio  bone,  229. 
Episkeietal,  71. 
Epithelium,  21. 

,,  forms  of,  24. 

Epitrochlea,  142. 
Epitrochleo-anconeus,  301. 
Eponychium,  277. 
Epoophoron,  457. 
Equina  cauda,  60. 
Erector  clitoridis,  364. 
,,       penis,  357. 
,,       spina?,  254. 
Ethmoid  bone,  229. 
Ethmoidal  cells,  639. 

„  foramina,  218,  207,230. 


Ethmoidal  notch,  218. 
,,  process,  231. 

spine,  211,  225. 
Ethmo-lacrymal  angle,  235. 
Eustachian  cartilage,  617. 
sulcus,  210. 
tube,     617,    224, 
225,  6-0. 
,,  valve,  S3,  323. 

Exoccipital,  214. 
Extension,  44. 
Extensor    brevis    digitorum 

pedis,  506. 
Extensor  brevis  hallucis,  506. 
, ,      carpi  radialis  brevior, 

295. 
,,  ,,  ,,        longior, 

295. 
,,  ,,  ulnaris,  292. 
, ,      digitorum  communis, 

292. 
,,       hallucis  longus,  502. 
,,      indicis,  294. 
,,      longus    digitorum, 

502. 
,,      minimi  digiti,  292. 
,,      ossis  metacarpi  pol- 

licis,  294. 
,,      pollicis    major,    294, 

502. 
,,  ,,         minor,  294. 

,,      primi  inter nodii  pol- 
licis   =    pollicis 
minor,  294. 
,,      secuiidihiternodii  pol- 
licis   =■-    pollicis 
major,  502,  294. 
Eye,  665. 
Eyebrow,  521. 
Eyelids,  640. 

Face,  15. 

Eacet,  auricular,  110. 
,,       clavicular,  135. 
,,       sternal,  138. 
Facial  artery,  561. 
,,       nerve,  576. 
,,       processes,  16. 
,,       vein,  562. 
Facialis  norma,  206. 
Falciform  ligament,  386. 

,,         process,  481. 
Fallopian  aqueduct,  223. 
,,  hiatus,  213. 

,,  tube,  456. 

False  ribs,  114. 
Falx  cerebelli,  528,  531. 
,,      cerebri,  52S,  531. 
Fang  of  tooth,  568. 
Fascia,  28,  94. 

,,       abdominal,  369. 
,,       Abernethy's,  427. 
,,       anal,  355,  445. 
,,        axillary,  281. 
bicipital,  2S2. 
„       brachial,  281. 
,,       bucco-pharyngeal, 
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Fascia,  cervical,  537. 

Colles's,  356,  483. 

,,       cremasteric,  379. 

,,       cribriform,  481. 

,,       dentata,  715. 

,,       dome  like,  539. 

,,       endothoracic,  314, 316. 

,,       of  forearm,  291. 

,,       gluteal,  472. 
iliac,  494,  385. 

,,       infundibuliform,  378. 

,,       intercolumnar  =  sper- 
matic, 373. 

,,       lata,  483. 

,,       of  leg,  506. 

,,       lumbar,  254. 

,,       obturator,  355,  445. 

,,       palmar,  300. 

,,       pectoral,  266. 

,,       pelvic,  444. 

,,       perineal,  356. 

,,       plantar,  510. 

,,       prevertebral,  537. 

, ,       propria  of  Cooper,  385. 
Kichet's,  386. 

,,       recto-vesical,  445. 
Scarpa's,  369,  483. 

,,       semilunar,  282. 

,,       spermatic,  373. 

,,       subpubic,  445. 

,,       subscapular,  2S1. 

,,       superficial,  94,  369. 

,,       temporal,  577. 
■  ,,       tibial,  512. 

,,       transversalis,  318. 

,,       triangular,  374. 

,,       Tyrrell's  fascia,  445. 
Fascicles,  muscular,  64. 
Fat,  27. 

Faucium,  isthmus,  595. 
Female  perineum,  362. 
Femoral  arch,  170. 

,,        artery,  485. 
glands,  481. 

,,        hernia,  4S2. 
ring,  482. 
sheath,  482. 

,,        vein,  487. 
Femoro- tibial  joint,  185. 

,,        patellar  joint,  186. 
Femur,  172. 

,,        pilastered,  177. 

,,        cancellous    tissue   of, 
33,  173. 

,,        development  of,  39. 
Fenestra  ovalis,  223. 
,,    rotunda,  22+,  684. 
,,    triquetral  rotunda,  684. 
Fenestrated  membrane,  29,77. 
Ferrein,  column  of,  438. 

tubes  of,  439. 
Fertilisation,  5. 
Fibres  of  Purkinje,  63. 
Fibrillar  tissue,  26,  2S. 
Fibro-cartilage,  31. 
Fibula,  182. 

,,       development  of,  185. 


Fifth  nerve,  59. 

,,      ventricle,  715. 
Filiform  papilla;,  591. 
Fillet,  725. 

Filum  terminale,  60,  736. 
Fimbriated  extremity  of  Fal- 
lopian tube,  456. 
Fingers,  bones  of,  158. 

,,         movements  of,  163. 
First  nerve,  637,  693,  717. 
Fissures,  anterior,  56,  737. 
,,       calcarine,  703. 
,,       calloso-marginal, 

702. 
,,       collateral  =  occipito- 
temporal, 703. 
Glaserian,  210,  220. 
,,       great,  335. 
,,       horizontal,  410. 
,,       parieto-occipital,  703. 
,,       Kolandian,  703. 
,,       of  Santorini,  524. 
,,       sphenoidal,  207,  226. 
,,       sphenomaxillary, 

207. 
,,       Sylvian,  702. 
,,       transverse,  410. 
Flat  bones,  32, 
Flexion,  44. 
Flexor  accessorius,  512. 

,,       brevis  digitorum  pedis, 

510. 
,,  ,,       hallucis,  516. 

,,  ,,       minimi  digiti 

pedis,  518. 
,,  ,,       minimi  digiti 

manos,  310. 
,,  ,,       pollicis,  310. 

,,       carpi  radialis,  300. 
,,    .      ,,      ulnaris,  301. 
,,       longus  digitorum,  512. 
,,  ,,       hallucis,  513. 

pollicis,  308. 
,,       profundus     digitorum, 

307. 
,,       sublimis        digitorum, 
302. 
Flexure,  cranial,  16. 

,,         duodeno-jejunal,401. 
,,         Varolian,  16. 
,,         cervical,  16. 
,,         sigmoid,  40S. 
Floccular  fossa,  223. 
Flocculus,  728. 
Flood's  ligament,  146. 
Flouren's  lobe,  416. 
Foetal  circulation,  87. 
Foetus,  9,  20. 
Fold,  omento-colic,  392. 
„    parieto-colic,  407. 
,,    pleuro-colic,  507. 
,,     subcaudal,  353. 
,,    sublingual,  391. 
,,    vestigial,  87. 
Follicles,  dental,  572. 
,,         Graafian,  455. 
,,         Lieberkiihn's,  402. 


Follicles,  lymphatic,  59. 

,,         Meibomian,  522. 
Fontana,  canal  of,  672. 
Fontanelles,  217,  247. 
Foot  sole,  dissection  of,  510. 

,,    bones  of,  192. 
Foramen  caecum,  218,  591. 
,,        carotid,  210. 
„        incisive   =   anterior 
palatine,  211.  236. 
infraorbital,  208,235. 
,,        intervertebral,  99. 
jugular,  210,  213. 
,,        lacerate,  anterior, 

210. 
,,  ,,   posterior,  210. 

,,         magnum,  208. 
,,         Magendie's,  733. 
,,         mastoid,  222. 
,,         mandibular,  241. 
,,         mental,  240. 
,,         mesomental,  390. 
,,         Mierzejewsky's,733. 
,,         Monro's,  715. 
,,         obturator,  167. 
,,  occipital,    superior, 

531. 
,,         occipital,  inferior = 
magnum,  208. 
optic,  207,  211. 
,,         ovale,  2 1 1. 
,,         ovale  cordis,  84. 
,,         parietal,  217. 
,,         quadrate  =  caval 
opening,  465. 
round,  213,  227. 
,,         spheno-palative, 

239. 
,,         spinal,  99. 
,,         spinous,    210,    213, 

227. 
,,  stylomastoid,  223. 

,,         supraorbital,  217. 
,,         thyroid,  167. 
,,  Vesalian,  226. 

Vidian,  226. 
Winslow's,  386,  389. 
Foramina  condylar,  210,  214. 
ethmoidal,  207,  230. 
sacral,  103.   I  10. 
,,         Scarpa's,  236. 
Thebesii,  322. 
,,         ventral,  373. 
Forearm,  bones  of,  146. 

,,         dissection    of,    296- 
299,  306-309. 
Fore-gut,  15. 
Form-elements,  1. 
Formatio-reticidaris,  725. 
Fornix,  714. 

,,       conjunctiva;,  522. 
Fossa,  antecubital,  275,  296. 
of  antihelix,  523. 
canine,  206,  208,  239. 
condyloid,  214. 
coronoid,  142. 
cranial,  211. 
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Fossa,  digital  abdominal,  380, 
386. 
,,  ,,      femoral,  172. 

„       glenoid,  220. 
,,       glosso-epiglottic,  591. 
,,       of  helix,  523. 
,,       iliac,  165. 
,,       infraclavicular,  265. 
,,       infraspinous,  133. 
,,       inguinal,  385. 
„       ischio-rectal,  354. 
„       jugular,  210. 
„       lacrymal,  2U6,  218. 
,,       myrtiform,  208. 
„       nasal,  207,  208,  634. 
,,       navicular,  363,  453. 
,,       occipital,  211. 
,,       olecranon,  143". 
„       ovalis,  323. 
,,       parietal,  216. 
,,       patellaris,  677. 
,,       ptery  go-maxillary,  211. 

pterygoid,  211,  228. 
,,       reniform,  223. 
„       scaphoid,  211,  228. 
,,       spheno-maxillary,  207. 
,,       subscapular,  134. 
,,       supraclavicular,  525. 
,,       supraspinous,  133. 
„       temporal,  205. 
,,       trochanteric,  172. 
,,       zygomatic,  211. 
Fossula  mentalis,  240. 
Fourth  nerve,  647,  654,  696. 
Fovea  capitis,  146. 

,,      trochlearis,  218. 
Fraenulum  carunculi,  402. 

,,  ,,    clitoridis,  363. 

,,  ,,    colliculi,  452. 

,,  ,,    pudendi,  363. 

Fra?num  epiglottidis,  591,620. 
,,      labii,  566. 
,,       lingua?,  585. 
,,       of  Morgagni,  409. 
,,       prseputii,  368. 
,,       suspensorium,      146, 
266,  281,  282.  283. 
Fretum,  83. 
Frontal  artery,  657. 
,,       bone,  217. 
crest,  218. 
,,       development  of,  219- 
,,       eminence,  217,  205. 
„       lobe,  702,  704. 
,,       nerve,  6 1 9. 
,,       process,  233. 
„       sinus,  218,  219,  639. 
,,       squama,  217- 
,,       sulcus,  218. 
Frontalis  muscle,  526. 
Fronto-ethmoidal    cells,    218, 
230,  636. 
,,      nasal  sulcus,  521. 
,,         ,,      process,  16. 
Fungiform  papilla?,  592. 
Furrow,    lateral     abdominal, 
367. 


Furrow,    median    abdominal, 

367. 
Fusiform  convolution,  703. 
,,         muscles,  69. 

Gsertner,  ducts  of,  454. 

Galen,  veins  of,  532. 
Gall-bladder,  415. 
Ganglion,  50. 

„         Andersch's,  59.  603. 

„         Arnold's,  6,  601. 

,,  Bock's  =  cavernous, 
680. 

,,         cardiac,  350. 

,,         carotid,  680. 

,,         cavernous,  680. 

,,         cervical,  611. 

,,         ciliary,  59,  656. 

,,         Cloquet's,  664. 

,,         diaphragmatic,  461. 

„         Ehrenritter's,  603. 

,,         Gasserian,  59,  647. 

,,         geniculatum,  59. 

,,         glosso-pharyngeal, 
603. 

,,         inrpar,  461. 

,,         jugular,  603,  606. 

, ,  lenticular  =  ciliary, 
656. 

,,         lingual  =  submax- 
illary, 599. 

,,         lumbar,  461. 

,,         Meckel's,  663. 

,,         mesenteric,  462. 

,,         mesocephalic,  648. 

,,         ophthalmic  = 
ciliary,  656. 
otic,  601. 

,,         petrosal,  603. 

,,         pharyngeal,  606. 

,,         portio  dura  = 

geniculate,  59. 

,,         prostatic,  462. 

,,  Kibes  =  a  hypothe- 
tical ganglion  on 
the  anterior  com- 
municating ar- 
tery, 699. 

,,         sacral,  461. 

,,         semilunar,  460. 

,,         spheno  -  palatine, 
663. 

,,         spinal  nerve,  56. 

,,         submaxillary,  £99. 

,,         suprarenal,  461. 

,,         sympathetic,  611. 

,,         temporal,  609. 

,,         thoracic,  351. 

„         thyroid,  611. 

,,         vagrant,  59. 

„         vagus,  59,  606. 

, ,         Wiesberg's, 

,,         Wiitzer's,  603. 
Gases  of  blood,  75. 
Gasserian  ganglion,  59,  674. 
Gastric  arteries,  425. 
,,      glauds,  398. 


Gastric  nerves,  399. 

,,      vein,  431. 
.Gastro-colic  omentum  =  great 
omentum,  388. 
,,     duodenal  artery,  422. 

,,     epiploic  arteries,  422. 
,,     hepatic      omentum  = 
lesser  omentum,  388. 

,,     phrenic  ligament,  396. 

,,     splenic  omentum,  391, 
435. 
Gastrocnemius,  508. 
Gastrula,  6. 

Gelatine,  Whartonian,  20. 
Gemelli  muscles,  478. 
Genial  tubercle,  246. 
Genicular  nerve,  499. 
Geniculate  bodies,  720. 
Genio-glossus,  590. 

,,     hyo-glossus  =  genio- 
glossus,  590. 

,,     hyoid,  586. 
Genital  folds,  366. 

,,       furrow,  366. 

,,       tubercle,  366. 
Genito-crural  nerve,  467. 
Genu  of  corpus  callosum,  712. 
Germinal  area,  5. 
,,         spot,  4. 
,,        vesicle,  4. 
Gimbernat's  ligament,  481. 
Gingiva?,  566. 
Ginglymus,  44. 

Giraldes,    organ    of  =  paradi- 
dymis, 381. 
Glabella,  206,  218,  521. 
Gladiolus  =  mesosternum,  117. 
Glands,  21. 

,,        agminated,  403. 

,,        anil,  353. 

,,        arytenoid,  626. 

,,        axillary,  267. 

,,        Bartholin's,  365. 

,,        Blandin's,  51'4. 

,,        Bowman's,  637. 

,,        Brunner's,  402. 

,,        buccal,  566. 

„        cardiac,  39S. 

,,        cells  of,  22. 

,,        ceruminous,  692. 

,,        classification  of,  22. 

,,        coccygeal  =  glomer- 
ulus, 354. 

,,       Cowper's,  360. 

,,        duodenal,  402. 

,,        epiglottic  =  periglot- 
tis,  623. 

,,        gastric,  398. 

,,        Harder's,  645. 

,,        Haversian,  43. 

,,        labial,  565. 

,,        lacrymal,  644. 

,,        laryngeal,  626. 

,,        Lieberkiihn's,  412. 

„        lingual,  594. 

,,        Littre's,  453. 

,,        lobular,  22. 
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Glands,  Luschka's  =  coccy- 
geal, 354. 
lymphatic.  90. 
mammary,  262. 
mediastinal,  342. 
Meiboman,  22,  643. 
mesenteric,  433. 
Moll's,  644. 
molar,  566. 
Nuhn's,  594. 
odoriferous  =  Tyson's, 

36S. 
oesophageal,  395. 
Pacchionian,  64. 
palatine,  595. 
parotid,  574. 
peptic,  398. 
Peyer's,  90. 
pharyngeal,  617. 
pituitary  =  hypo- 
physis, 747. 
pineal,  722. 
prostate,  450,  588. 
pyloric,  398. 
racemose,  22. 
salivary,  574. 
sebaceous,  95. 
solitary,  403. 
sublingual,  5S9. 
submaxillary,  588. 
sudoriparous,  96. 
suprarenal,  461. 
thymus,  343. 
thyroid,  630. 
tracheal,  337. 
tubular,  22. 
Tyson's,  368. 
unicellular,  22. 
uterine,  458. 
Weber's,  594. 
Glans  clitoridis,  365. 
,,      penis,  36S,  371. 
Glaserian  fissure,  210. 
Glenoid  cavity,  133,  210. 

,,        ligamenr,  146,  210. 
Globus  major,  383. 
minor,  383. 
Glis=on,  capsule  of,  412. 
Glomeruli  Malpighian,  441. 
Glosso-epiglotticfold,  591,620. 
„  ,,     fossa,  591. 

,,  ,,     ligaments,  591. 

,,      pharyngeal  nerve,  603. 
Glottis,  6-20. 
Gluteal  arteries,  425. 
„       lines,  164. 
,,       nerves,  474. 
,,       veins,  474. 
Gluteus  maximus,  472. 
,,       medius,  474. 
,,       minimus,  474. 
Goblet  cells,  22. 
Godman's  fascia,  539. 
Goll,  column  of,  56. 
Gomphosis,  42. 
Graafian  vesicles  or  follicles, 
445. 


Gracilis,  489. 

Grey  nerve -matter,  52. 

Gristle,  30. 

Groin,  anatomy  of,  369,  480. 

Groove,  bicipital,  142. 

,,       musculo -spiral,  142. 

,,       vertebral,  129. 
Ground-plexus,  55. 
Growth  of  bone,  40. 

,,       of  vertebral  column, 
130. 
Gubernaculum  testis,  748. 
Gums,  566. 
Gustatory      nerve    =  lingual 

nerve,  599. 
Gut,  post-anal,  15. 
Guthrie's  muscle,  361. 
Gyrus  cinguli,  712. 

,,      fornicatus  =  G.  cinguli, 
712. 

Hsematoblasts,  74. 

Haemoccelom,  13. 
Haemoglobin,  74. 
Haemorrhoidal  arteries  =  rec- 
tal, 426. 
Hair  cells,  686. 
Hairs,  521,  94. 
Hamstrings,  497. 
Hamular  process,  228. 
Hamulus,  684. 

,,  lacrymalis,  232. 

Hand,  anatomy  of,  270,  300. 
,,      bones  of,  154. 
„       morphology  of  muscles 

of,  520. 
,,      surface     markings    of, 
270. 
Hard  palate,  211. 
Harder's  gland,  645. 
Harelip,  16. 
Harmonia,  41. 
Hasner's  valve,  646. 
Haustra,  405. 
Haversian  canals,  34. 
,,  glands,  43. 

,,  lamellae,  35. 

,,  system,  35. 

Head,  development  of,  15. 
„      fold,  9. 
,,       of  femur,  172. 
,,       of  humerus,  140. 
,,       of  rib,  114. 
,,      surface     markings     of, 
521. 
Hearing,  minute  structure  of, 
331. 
,,         organ  of,  681. 
Heart,  anatomy  of,  319. 

,,       development  of,  9,  14. 
Heister's  valves,  415,  416. 
Helicine  arteries,  371. 
Helicis  major,  524. 
,,       minor,  524. 
Helicoid  ginglymi,  44. 
Helicotreina,  684. 
Helix.  523. 


Helvetius,  ligament  of,  397. 
Hemiazygous  vein,  34S. 
Henle,  sheath  of,  52. 

,,      tubes  of,  440. 
Hepatic  artery,  422. 
cells,  413. 

,,        duct,  411. 

,,        plexus,  460. 

,,       veins,  413. 
Hernia,  3S5, 

,,        femoral,  482. 

,,        inguinal,  386. 

,,        obturator,  494. 
Herophili,  torcular,  533. 
Hesselbach's  line,  385. 

„  space,  386. 

Heterocladic  anastomosis,!  78. 
Heteromorphic  joints,  43. 
Heteroneural,  73. 
Hey's  ligament,  481. 
Hiatus  Fallopii,  213. 

,,       sacralis,  110. 

,,       semilunaris,  282. 

,,       subarcuatus,  223. 
Highmore,  antrum  of,  639. 
,,  corpus  of,  381. 

Hilton's  muscle  —  aryteno- 

epiglottideus,  629. 
Hilum,  renal,  437. 

,,       splenic,  434. 

,,       suprarenal,  459. 
Hinge-joint,  44. 
Hip  joint,  177. 
Hippocampus  major,  715. 
Hippocratic  band,  27. 
His,  space  of,  S8. 
Histohaamatins,  66. 
Histology,  1,  21. 
Home's  lobe.  451. 
Homologue,  2. 
Homomorphic  joints,  43. 
Homoneural  muscles,  73. 
Horner's  muscle,  642. 
Houston's  muscle,  348. 
,,  valves,  409. 

Huguier,  canal  of,  220. 
Humeri  transversalis  =  supra- 
scapular artery,  553. 
Humerus,  140. 

,,         development  of,  144. 
Humour,  aqueous,  671. 
Hunter's  canal,  4S6. 
Huxley's  layer,  95. 
Hyaline  cartilage,  30. 
Hyaloid  membrane,  677. 
Hydatid  of  Morgagni,  3S0. 
Hymen,  363. 
Hyo-epiglottic  ligament,  624. 

,,    glossus,  587. 
Hyoid  artery,  560. 
Hyparterial  bronchus,  340. 
Hypaxial  muscles,  71. 
Hypoblast,  5,  66. 
Hypochondriac  region,  368. 
Hypogastric  artery,  385,  426. 
,,  plexus,  462. 

,,  region,  369. 
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Hypoglossal  nerve,  59,  601. 
Hypophysis,  747. 
Hyposkeletal  muscle,  71. 

Hypospadias,  360. 
Hypothenar  eminence,  275. 

Ileo-eseeal  pouch,  406. 

,,  valve,  409. 

Ileo-colic  artery,  423. 
valve,  409. 
Ileum,  387,  402. 
Iliac  artery,  common,  424. 
,,         ,,       external,  427. 
,,         ,,       internal,  425. 
,,    fascia,  494. 
,,    fossa,  165. 
,,    veins,  42S. 
Iliacus  muscle,  495. 
Ilio-costalis,  115,  254. 
,,    femoral  ligament,  177. 
,,    hypogastric    nerve,    466, 

467. 
,,    inguinal  nerve,  466,  467. 
,,    pectineal  ligament,  170. 
,,  ,,         line,  166. 

,,    pubal  eminence,  164. 
,,    lumbar  artery,  425. 
,,         ,,      ligament,  169. 
,,    tibial  band,  483. 
Ilium,  163. 

Impressio-trigemini,  213. 
Impression,  pronator,  147. 
Incisor  teeth,  571. 
Incremental  lines,  568. 
Incus,  ligaments  of,  689. 
Index,  altitudinal,  248. 
,,       cephalic,  248. 
,,      dental,  571. 
,,      gnathic,  248. 
,,      of  hair,  521. 
,,       nasal,  248. 
,,      orbital,  248. 
,,       thoracic,  130. 
,,      vertebral,  131. 
Infra-axillary  region,  261. 
Infracostalis,  312. 
Infraglenoid  tubercle,  133. 
Inf  ramaxillary  nerve  =  inferior 

bucco-laldal,  577. 
Infraorbital  artery,  583. 

,,  foramen,     235, 

236. 
,,  nerve,  662. 

,,  process,  234. 

,,  suture,  236. 

Infraspinatus  muscle,  2S3. 
Infraspinous  fascia,  2S3. 
,,  fossa,  133. 

Infratemporal  crest,  205,  220. 
Infratroc  blear  nerve,  655. 
Infuudibvda,  438. 
Infundibuliform  fascia,  3/S. 
Infundibulo-ovarian    fimbria, 

455,  456. 
Infundibulum,  230,  340,  636. 
Ingrassias,   wing    of  =  orbito- 
sphenoid,  225. 


Inguinal  canal,  378. 
,,         glands,  379. 
,,         hernia,  386. 
,,         pouches,  385. 
,,         region,  369. 
Innominate  artery,  558. 
,,  canal,  227. 

,,  veins,  564. 

Inosculative  anastomoses,  78. 
Insertion  of  muscles,  66. 
Interarticular   cartilages,   31, 
43. 
,,   of  jaw,  243. 
,,   ofknee,189. 
,,  ,,  of  ribs,  124. 

,,  ,,  of      sterno- 

clavicular 
joint,  140. 
,,  „   of       wrist, 

159. 
,,  ligaments,  124. 

Interarytenoid     notch,     620, 

624. 
Intercarotid  body,  604. 
Intercarpal  ligaments,  160. 
Intercellular  substance,  26. 
Interclavicular  ligament,  140. 
Interclinoid  ligament,  229. 
Intercolumnar  fascia,  374. 
lntercoudyloid  notch,  175. 
Intercostal  aponeurosis,  125. 
,,  arteries,  347. 

muscles,  312,  613. 
,,  nerves,  351. 

,,  veins,  348. 

Intercosto-humeral  nerve  =  la- 
teral   cutaneous    branch    of 
second  intercostal,  274. 
Interglobular  spaces,  569. 
Interlaminal  ligaments,  122. 
Interlobular  vessels,  413. 
Intermaxillary      bone  =  pre- 

maxilla,  237. 
Intermediary  plexus,  55. 
Intermedium  os,  155. 
Intermuscular  plexus,  55. 

septa,  28,  282. 
Internal     abdominal     ring  = 

deep  ring,  378. 
Interosseous  arteries,  299,  304. 
,,  ligament,        153, 

191,  200. 
,,  membranes,  42. 

,,  muscles  of  hand, 

311. 
,,  ,,        of    foot, 

519. 
,,  nerve,  299. 

Interolivary  body,  734. 
Interpeduncular  spaces,  728. 
Interphalangeal  joints,  162. 
Interpubic  membrane,  171. 
Interspinales,  258. 
Intersplenial  triangle,  255. 
Interspinous   ligaments,    1 22, 

123. 
Intertarsal  joints,  201. 


Intertransversales,    258,   313, 

613. 
Intertransverse  ligaments,  124. 
Intertrochanteric  line,  174. 
Intertuberous  ligaments,  123. 
Interventricular  sulcus,  320. 
Intervertebral  foramen,  99. 
,,  joints,  119. 

,,  notches,  99. 

, ,  substance,      or 

discs,  121. 
Intestine,  400 

,,         development  of,  15. 
Intrajugular  process,  213. 
Intralobular  vein,  413. 
Intraparietal  fissure,  703. 
Involuntary  muscle,  62. 
Iris,  669,  671. 
Ischiatic  glands,  431. 
Ischio-bulbosus,  358. 

,,     capsular  ligament,  179. 

,,     cavernosus,  357,  364. 

,,     femoral  ligament,  178. 

,,     pubic  ligament,  170. 

, ,     rectal  fascia  =  anal,  445. 

,,         ,,      fossa,  359. 
Ischium,  163. 
Island  of  Reil,  705. 
Isthmus  Fallopii,  456. 

,,        faucium,  595,  617. 

,,        of  thyroid  body,  631. 
Iter   adquartum  ventriculum 

—  Sylvian  acpueduct,  731. 
Ivory  =  dentine,  569. 

Jacob's  membrane  =  Neuro- 
epithelial layer   of    retina, 
675. 
Jacobson's  cartilage,  634,  636. 
,,         nerve,  605. 
,,         organ,  635. 
Jaw,  lower  —  mandible,  239. 

,,     upper  =  maxilla,  234. 
Jejunum,  402. 
Joints,  41. 

,,       classification  of,  44. 
Juga  alveolaria,  242. 
,,     cerebralia,  213. 
Jugular  eminence,  215. 
,,        foramen,  210. 

fossa,  210,  223. 
,,        ganglion,  603. 

ridge,  210. 
,,        veins,  545,  564. 
Jugum  sphenoidale,  225. 
,,       petrossum,  223. 

Karyokinesis,  4. 
Keratin,  21. 

Kerato-glossus  =  part  of  hyo- 
glossus    from    great 
cornu,  587. 
,,      cricoid,  628. 
Kerkring,  valve*  of  =  valvula? 

conniventes,  402. 
Kidney,  436. 

foetal,  442. 
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Kidney,  development  of,  17. 
Knee-joint,  185. 

,,      and  elbow  compared, 
191. 
Krause,  membrane  of,  63. 

Labia,  majora,  363. 
,,        minora,  363. 
Labial  consonauts,  567. 
Labyrinth,  bouy,  681. 

,,  membranes,  681. 

renal,  439. 
Lacerate    foramen,    anterior, 
210. 
,,  ,,  posterior,  210. 

Lacrymal  artery,  657. 
bone,  232. 
,,         caruncle,  522. 
,,         crest,  206,  232. 
,,         fossa,  206. 
,,         gland,  644. 
,,         lacus,  522. 
,,         nerve,  649. 
„         papilla,  522. 
,,         process,  231. 
,,         sac,  646. 
Lacrynio-ethinoidal  cells,  636 
Lacteals,  76,  433. 
Lactiferous  ducts,  263. 
Lacuna?  musculosa,  170,  426. 
,,       osseous,  36. 
,,        urethral,  453. 
,,        vasculosa,  170. 
Lacus  lacrymalis,  522. 
Lambda,  203. 
Lambdoid  suture,  203. 
Lamella,  Haversian,  35. 
Lamellar  cells,  26. 
Lamina  b  tsilaris,  686. 
,,        cribrosa,  673. 
,,        dorsalis,  7. 
,,        postneural,  112. 
,,        spiralis,  6S4. 
,,        of  vertebra?.  99. 
Lancisi,  longitudinal  bands  of, 

712. 
Laugerhans,  cells  of,  53. 
Lantermann's  notches,  52. 
Lanugo,  95. 
Large  intestiue,  404. 
Laryngeal  arteries,  552,  560. 
,,  nerve,  inferior,  609. 

,,  ,,    superior,  607. 

,,  sacculi,  625. 

Laryngotomy,  525. 
Larynx,  621. 

,,         development  of,  630. 
Lateral  nasal  processes,  16. 

,,        zone,  S. 
Latissimus  dorsi,  251. 
Layer  splanchnic,  1 1 . 
Leber,  plexus  of,  667. 
Leg,  498. 

Lens,  crystalline,  678. 
Lenticular  ganglion,  656. 
,,  nucleus,  716. 

sling,  716. 


Leucocytes,  73. 
Levator  anguli  oris,  537. 

,,      scapulae,  253. 
ani,  361. 
glandula?    thyroidea, 

631. 
labii  inferioris,  537. 

,,     superioris,  536. 
menti,  537. 
palati,  619. 
palpebra?    superioris, 

650. 
prostata?,  362. 
urethra?,  361. 
Levatores  costarum,  312. 
Levers,  orders  of,  45. 
Lieberkiihn's  glands,  400. 
Ligaments,  28. 

,,         accessory,  43. 
,,         acromio- clavicular, 
alar,  188.  [141. 

,,         ankle,  198. 
,,         annular,    of    ankle, 

501. 
,,  ,,  of    wrist, 

291,  309. 
apical,  123. 
,,         arcuate,    159,    462, 

464. 
,,         aryteno  -  epiglottic, 

624. 
,,         astragalo-navicular, 

200. 
,,         atlanto-axial,   127. 
,,         Bertin's,  178. 
,,         broad,  454 
, ,         of  bladder,  false,  443. 
„  ,,         true,  443. 

,,         calcaneo-astragalar, 
200. 
„  cuboid,  201. 
,,  ,,  navicular,200. 

„         capsular,  42. 
,,  ,,       of    elbow, 

151. 
,,  ,,       of  shoulder, 

145. 
,,         carotico-clinoid, 
229. 
check,  128. 
,,         ciliary  =  junction  of 
sclerotic     and 
cornea,  668. 
,,         colli  costa?,  124. 
,,         conjugal,  126. 
,,         conoid,  140. 
,,         coraco-acromial, 

136. 
,,  ,,    glenoid,  136. 

,,  ,,    humeral,  145. 

,,  ,,    clavicular,  140. 

,,  ,,    scapular,  137. 

,,         coronary,  189,   392. 
,,         costo-clavicular, 

140. 
,,  ,,     colic  =  pleuro- 

colic,  386. 


Ligaments,  costo-sternal,  127. 
,,  ,,     transverse,125. 

,,  ,,     vertebral,  124. 

,,         cotyloid,  43. 
,,         crico-arytenoid.624. 
,,  ,,     thyroid,  623. 

,,         crucial,  189. 
,,  ,,        of     elbow, 

153. 
,,         deltoid  =  internal 

lateral,  199. 
,,         denticulate,  260. 
,,         diaphragmatic,  316, 

539. 
,,         of  elbow,  152. 
,,         falciform,  3S6. 

Flood's,  146. 
,,         fimdiform,  501. 
,,         gastrophrenic,  3S8. 
,,         Gimbernat's,      170, 
481. 

glenoid,  146,  162. 
,,         gleno- humeral,  146. 
,,         glosso    -  epiglottic, 
591. 

Helvetian,  399. 

Hey's,  481. 

hip,  177. 
,,         hypoglossal,  216. 
,,         ilio-femoral,  177. 
,,        iliolumbar,  169. 
,,        ilio-tibial,  483. 
,,         interarticular.  124. 
,,         intercarpal,  160. 
,,         interclavicular,  140. 
,,         interdigital,  301. 
,,         interspinous,  122. 
,,         lambdoid,  501.  . 

lienale,  391,  435. 
,,         long  plantar,  200. 
,,         metacarpo  -  phalan- 
geal, 162. 
,,         metatarso  -  phalan- 
geal, 202. 
,,         mucous,  188. 
,,         nucha?,  123. 
,,         obturator,  169. 
,,         occipito-atlantic, 

128. 
„  ,,       axial,  128. 

,,         odontoid,  128. 
,,         orbicular,  151. 
,,         ovarian,  455. 
,,         palpebral,  642,  643. 
,,         patellar,  186. 
,,         pectinatum     iridis, 

672. 
,,  peritoneal,  391. 

,,         phalangeo  -  cutane- 
ous, 301. 
, ,         phreno-splenic,  392. 
,,         of  pinna,  529. 
,,         posticum,  498. 

Poupart's,  170,  372, 
373. 
,,         pterygo  -  spinous, 
229,  539. 
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Ligaments,  pterygomandibu- 
lar. 539,  579. 
,,  ,,      temporal, 

•229. 
pulmonale,  315, 335. 
quadrate,  153. 
radiate,  161. 
radio-carpal,  159. 
,,     ulnar,  153. 
rhomboid,  140. 
round,  179,  457. 
sacro    -    coccygeal. 
120. 
,,         iliac,  169. 
,,         sciatic,  169. 
scapular,  136. 
Schlemm's,  146. 
spheno-mandibular, 

539. 
spinal,  119. 
splenic,  391. 
stellate,  124. 
sterno  -  clavicular, 
139. 
,,         pericardial, 
318. 
stylo-hyoid,  587. 
,,  mandibular,  539. 
subcruentum,  159. 
subpubic,  108. 
supraspinous,  123. 
suspensory,        128, 

370,  645. 
tarsal,  or  palpebral, 

642. 
thyro    -   arytenoid, 

626. 
thyro-hyoid,  623. 
tibio-fibular,  191. 
transverse,  179, 189. 
trapezoid,  140. 
triangular,  358. 
uterine,  454. 
vertebral,  119. 
Winslow's,  187, 498 
Wrisberg's,  189. 
wrist,  160. 
Zinn's,  650. 
Limb  girdles,  47. 
Limbs,  11. 
Limbous  sutures,  41. 
Limbus  lamina?  spiralis,  686. 

,,       sphenoidalis,  225. 
Line,  axillary,  261. 
Burton's,  566. 
Holden's,  469. 
incremental,  569. 
Lizar's,  469. 
mammary,  261. 
median,  2. 
Nelaton's,  470. 
parasternal,  261. 
supracondyloid,  142. 
sternal,  261. 
Thompson's,  566. 
Linea  alba,  372. 
,,      aspera,  174. 


Linea  cephalica,  276. 
,,      hepatis,  276. 
,,      ilio-pectinea,  166. 
„      nuchas,  204,  209,  214. 
,,      quadrati,  174. 
,,      semilunaris,  372. 
,,      solea,  182. 
,,      splendens,  741. 
,,      sterno-mastoidea,  540. 
,,      transversa,  372,  540. 
,,      vitalis,  276. 
Lingual  artery,  560. 
,,        ganglion,  599. 
,,        nerve,  599. 
,,        veins,  561. 
Lingualis,  594. 
Linguetta  laminosa,  727. 
Lingula,  226. 

,,        mandibular  is,  241. 
Lips,  565. 

Liquor  Cotunnii  —  perilymph, 
682. 
,,       Morgagni,  679. 
,,      Scarpa?  =   endolymph 

682. 
,,      sanguinis  =  plasma,  74. 
Lisfranc's  tubercle,  117. 
Lithotomy,  361. 
Littr6,  glands  of,  453. 
Liver,  15,  386. 

,,      development  of,  416. 
Lobes  of  brain,  705. 
,,        caudate,  410. 
,,        ear,  523. 
,,        liver,  410. 
,,        lung,  335. 
,,        prostate,  451. 
,,        quadrate,  412. 
,,        Spigelian,  411. 
Loculi  of  neck,  539. 
Lockwood,  ligament  of,  650. 
Longissimus  capitis,  257. 
,,  cervicis,  257. 

,,  dorsi,  256. 

Longus  colli,  612. 
Lower  limb,  469. 

,,      tubercle  of,  318. 
Lumbar  arteries,  420. 
,,        curve,  129. 
,,        fascia,  254. 
„        ganglia,  461. 
,,        glands,  432. 
,,        plexus,  496. 
,,        regions,  249,  36S. 
,,        vertebra;,  98,  100. 
Lumbricales,  308,  513. 
Lunate  sinus,  148. 
Lungs,  15,  334. 
Lunulas,  277,  532. 
Lunulo-lacrymalis,  237. 
Luschka's  gland,  354. 
Lymph,  21,  73. 

,,       paths,  75. 
Lymphatic  duct,  550. 
follicles,  S9. 
,,  glands,  90. 

,,  sinuses,  89. 


Lymphatic  system,  88. 
,,  vessels,  75. 

Lymphoid  tissue,  27. 
Lyra,  715. 

Macdowel's  frienum,  283. 
Macrocephalic,  247. 
Macrodont,  571. 
Macroscopic  anatomy,  1 . 
Macula  cribrosa,  223. 
Magnum,  156. 

,,         foramen,  208. 
Magendie,  foramen  of,  733. 
Malar  bone,  233. 

,,         ,,  development  of,  234. 
,,         ,,  region,  522. 
Male  organs,  353. 
Malleolar  arteries,  505. 
Malleolus  external,  184. 
,,         internal,  182. 
Malleus,  6SS. 

Malo-maxillary  suture,  206. 
Malpighian  bodies,  435. 

,,  glomeruli,  441. 

Mammary  arteries,  354. 

gland,  262. 
Mammilla,  263. 

ducts  of,  264. 
Mammillary  bodies,  694. 

,,  process,  105,  106. 

Mandible,  239. 

Manubrium  =  presternum,  117. 
Marginal  lobe,  727. 
Marrow,  37. 

Marshall,  vestigial  fold  of,  318. 
Masseter,  577. 
Masseteric  artery,  583. 
,,  nerve,  600. 

„  tubercle,  236. 

Masto-occipital  suture,  204. 
,,      parietal  suture,  204. 
Mastoid  antrum,  222. 
„        cells,  225. 
,,        foramen,  205,  222. 
,,        process,  203,  221. 
,,        region,  221. 
,,        vein,  545. 
Matrix  of  nail,  277. 
Maxilla,  234. 

Maxillary  artery,  564,  581. 
,,         inferior  nerve,  597- 
,,         lobe,  16. 
,,         nerve,  662. 
,,         plate,  231. 
Maxillo-turbinal,  231. 
Meatus,  auditory  externus,205. 
,,  „        internus,  223. 

,,      urinarius,  371. 
Meatuses,  nasal,  231,  635. 
Meckel's  cartilage,  242. 
,,         ganglion,  663. 
,,         space,  530. 
Median  plane,  2. 

nerve,  274,  305. 
Mediastinum,    anterior,    316, 
342. 
,,  middle,  317. 
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Mediastinum,  posterior,  348. 
,,  superior,  343. 

of  testis,  381. 
Medulla  oblongata.  57,  694. 

,,        spinalis,  738. 
Medullary  velum,  anterior,  732. 
,,  ,,       posterior,  731. 

Megacephaly,  247. 
Megaseme,  247,  248. 
Meibomian  follicles,  22,  522, 

643. 
Meissner's  plexus,  399. 
Membrane  basement,  21,  26, 
27. 
,,         basilar,  685. 
,,         bones,  38. 
,,         capsular,  679. 
„         granulosa,  435. 
,,         hyaloid,  677. 
,,         intercostal,  313. 
,,         Jacob's,  675. 
of  Corti,  686. 
, ,         =  of  Descemet,  677. 
,,         of  Krause,  63. 
,,         ofthelabyrinth.684. 
,,         of  Malpighi,  93. 
,,         of  Beissner,  6S5. 
,,         pupillaris,  6S0. 
,,         reticular,  6S4. 
,,         reuniens,  112. 
,,         sacciform,  754. 
,,         suprachoroid,  669. 
,,         tarsal,  642. 
,,         tympanic,  681,  687. 
Membranes  of  the  brain,  529. 
,,  of  spinal  cord,  259. 

Membranous  labyrinth,  681. 
,,  part  of  the  coch- 

lea, 682. 
,,  part  of  the  ure- 

thra, 452. 
Meningeal  vessels,  529,  582. 
Menisci,  43. 
Mental  foramen,  240. 
,,       nerves,  598. 
,,       process,  240. 
Mercier's  bar,  448. 
Mesaticephalic,  247. 
Mesenchyma,  7. 
Mesentericartery,  inferior,  422. 
„     superior,  422. 
glands,  433. 
plexus,  460. 
vein,  inferior,  430. 
,,     superior,  431. 
Mesentery,  337. 
Mesoblast,  7. 
Meso-caecum,  405. 
,,     colon,  left,  392. 

,,       right,  392. 
,,        ,,       transverse,  407. 
,,     rectum,  391. 
Mesodseum,  15. 
Mesodont,  571. 
Mesognathic,  247. 
Mesomental  opening,  390. 
Mesonephros,  17. 


Mesorhine,  247. 
Mesoscapula,  136. 
Mesosternum,  117. 
Mesothelium,  7. 
Metacarpal  bones,  47, 157, 161. 
Metaccelom,  13. 
Metameres,  2. 
Metanephros,  17. 
Metaplasm,  3. 
Metasternum,  117. 
Metatarsal,  47,  196. 
Microdont,  571. 
Micron,  3. 

Microscopic  anatomy,  I. 
Mitosis,  4. 
Mitral  valve,  328. 
Moderator  band,  324. 
Modiolus  of  the  cochlea,  683. 
Mohrenheimer's  space,  283. 
Molar  teeth,  568,  571. 

,,  glands,  566. 
Moll's  glands,  644. 
Monaster,  4. 

Monro,  foramen  of,  58,  715. 
Mons  Veneris,  363. 
Morgagni,  columns  of,  410. 
,,  hydatid  of,  457. 

,,  fraenum  of,  409. 

Morphological  neck,  143. 
Motor  oculi  nerve,  647,  656. 

,,       nerves,  53. 
Mouth,  cavity  of,  523,  565, 585 
Mucous  ligament,  188. 
Muller,  duct  of,  457. 

,,       fibres  of,  675. 
Multifidus  spinas  muscle,  258. 
Muscle,  classification  of,  62, 68. 

,,       structure  of,  64. 
Muscle,  abductor  hallucis,  516. 

,,  ,,    minimi  digiti, 

310,  51S. 

, ,  , ,    pollicis,  309. 

,,         accessorius       pedis, 
512. 

,,  ,,   adsacrolum- 

balem,  255. 

, ,  adductor  brevis,  490. 

,,  ,,     digiti  minimi, 

520. 

,,  ,,    hallucis,  518. 

„  ,,    longus,  489. 

,,  ,,    magnus,  490. 

,,  ,,    pollicis    obli- 

quus,  310. 

,,  „    pollicis  trans- 

versus,  310. 

,,         anconeus,  292. 

„         anti-tragicus,  524. 

,,         arytenoideus,  629. 

, ,         attollens  aurem,  527. 

,,         attrahens        aurem, 
527. 

,,         a2ygos  uvulae,  618. 
Bell's,  448. 

,,         biceps  femoris,  498. 

,,  ,,       flexor,  cubiti, 

286. 


Muscle,  brachialis      anticus, 

2S6. 
,,         broncho  -  cesopha- 

geus,  240. 
,,  Briicke's,  670. 

,,         buccinator,  537. 
,,         bulbo  -  cavernosus, 

358,  364. 
,,         cervicalis  ascendens, 

254. 
,,         chrondro  -  glossus, 

587. 
„         ciliaris,  670. 
,,         circumflexus   palati 

=  tensor,  579. 
,,         coccygeus,  362. 
,,         complexus,  257. 
,,         compressor       naris, 

633. 
,,         venae  dorsalis  penis, 

Houston's,  358. 
,,         venae  dorsalis  penis, 

Kohelt's,  358. 
,,         constrictor  inferior, 

614. 
,,  ,,     isthmi     fau- 

cium,  586. 
,,  ,,     medius,  615. 

,,  ,,     superior, 

615. 
,,  ,,     urethras,  360. 

, ,         coraco  -  brachialis, 

287. 
,,         corruga tor  cutis  ani, 

359. 
, ,         cor  rugator  supercilii, 

642. 
,,         eremaster,  375. 
,,         crico  -  arytenoideus 

lateralis,  628. 
, ,         crico  -  ary  tenoid  eus 

posticus,  627. 
,,         crico-thyroid,  627. 

deltoid,  282. 
,,         depressor  alas   nasi, 

537. 
,,  „     anguli     oris, 

536. 
, ,  , ,     epiglottidis, 

627. 
, ,  , ,     labii  inf erioris, 

537. 
,,         detrusor  urinae,  447. 
,,         diaphragm,  462. 
,,         digastric,  536. 
,,         dilatator  naris,  633. 
,,  ,,       pupillae,  672. 

„         dorsi-axillaries,  252. 
, ,  , ,      epitrochlearis, 

252. 
, ,         epitrochleo  -  anco- 
neus, 301. 
,,         ejaculator        urinse, 

358. 
,,         erector       clitoridis, 

368. 
,,  ,,       penis,  358. 
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Muscle,  erector  spinas,  254. 

extensor  carpi  radi- 

alis  brevior,  295. 
extensor  carpi  radi- 

alis  longior,  29-5. 
extensor  carpi  ulna- 

ris,  292. 
extensor  digiti  mini- 
mi, 292. 
extensor    digitorum 

brevis  pedis,  506. 
extensor    digitorum 

communis,  292. 
extensor    digitorum 

longus  pedis,  502. 
extensor        halhxcis 

brevis,  506. 
extensor        hallucis 

longus,  502. 
extensor         indicia, 

299. 
extensor  ossis  meta- 

carpi  pollicis.  294. 
extensor  pollicis 

minor,  294. 
extensor         pollicis 

major,  294. 
extensor  primi  inter- 

nodii  pollicis,  294. 
extensor  seenndi  in- 

ternodii     pollicis, 

294. 
flexor      accessorius, 

512. 
flexor     brevis    digi- 
torum, 510. 
flexor  carpi  radialis 

300. 
flexor  carpi  ulnaris 

301. 
flexor  digitorum  sub 

limis,  302. 
flexor  digitorum  Ion 

gus,  512. 
flexor  digitorum  pro 

fundus,  307. 
flexor  brevis   ballu 

cis,  516. 
flexor  brevis  minimi 
digiti,  310, 510.51S 
flexor  brevis  pollicis 

310. 
flexor  longus  pollicis 

30S. 
frontalis,  526. 
gartrocnemius,  508. 
Horner's,  642. 
gemellus  inferior, 478. 
,,    superior, 478. 
genio-glossus,  590. 

,,     hyoid,  586, 
glirteus     maximus, 
472. 
,,       medius,  474. 
, ,       minimus, 
474. 
gracilis,  4S9. 


Muscle,  helicis  major,  524. 
,,  ,,      minor,  524. 

,,         hyo-glossus,  587. 
,,         iliacus,  495. 
,,         ilio-costalis,  254. 
,,         incisivus,  537. 
,,         indicator,  299. 
,,  infraspinatus,  283. 

,,         intercostal,  312. 
,,         interossei    maims 

dorsales,  31 1. 
,,         interossei  manus 

palmares,  311. 
,,         interossei  pedis  dor- 
sales,  519. 
,,  interossei  pedis  plan- 

tares,  519. 
,,         interspinales,  258. 
,,         intertransversales, 

258. 
,,         ischio-bulbosus,  358. 
,,  ,,    cavernosus,  358. 

,,         labii  proprius,  537. 
,,         latissinyus  dorsi,  251. 
,,         laxatortympani,690. 
,,         levator  anguli  oris, 

537. 
,,  ,,  ,,    scapulas, 

253. 
ani,  361. 
,,  ,,         glandulae 

thyroidea?, 
63D. 
,,  ,,         labii  superi- 

ors, 536. 
,,  ,,         menti,  537. 

,,  ,,         palati,  619. 

,,  ,,         palpebral, 

650. 
,,         levatores  costarum, 
,,         linguales,  594. 
,,         lonsdssimus       doi'si, 

256. 
,,         longus  colli,  612. 
,,         lumbricales    manus, 

308. 
,,  ,,  pedis, 

513. 
,,         masseter,  577- 
,,         motor  uvula?,  618. 

Midler's,  670. 
,,         multifidusspinse,258. 
„         mylo-hyoid,  586. 
,,  obliquus     abdominis 

externus,  371. 
,,         obliquus     abdominis 

internus,  375. 
,,         obliquus      auricala?, 

524. 
,,         obliquus   capitis   in- 
ferior, 25;>. 
,,         obliquus  capitis   su- 
perior, 239. 
,,         obliquus     oculi     in- 
ferior, 660. 
,,         obliquus     oculi     su- 
perior, 653. 


Muscle,    obturator    externus, 
493. 
, ,  internus, 

478. 
occipito-frontalis, 

526. 
omo-hyoid,  547. 
opponens  digiti  mini- 
mi, 310,  518. 
opponens       pollicis, 

309. 
orbicularis  oris,  536. 
,,  palpebra- 

rum, 640. 
palato-glossus.  618. 
„     pharyngeus, 
618. 
palmaris  brevis,  299. 
longus,  300. 
palpebral,  642. 
pectineus,  490. 
pectoralis  major,  265. 
, ,  minor,  267. 

peroneus  brevis,  519. 
,,         longus,  518. 
tertius,  502. 
plantaris,  508. 
platysma      myoides, 

'  535. 
popliteus,  509. 
prasrectalis,  409. 
pronator  quadratus, 
308. 

,,  radii  teres, 

299. 
psoas  magnus,  495. 

,,      parvus,  496.     ■ 
pterygoid    external, 
579. 
,,  internal, 

5S1. 
pyramidalis   abdom- 
inis, 377. 
,,         nasi,  527. 
pyriformis,  475. 
quadratus     femoris, 
478. 
,,        lumborum, 
466. 
quadriceps    extensor 

cruris,  4S8. 
recto-coccygeus,  410. 
rectus       abdominis, 
377. 
,,  capitis     anticus 

lateralis,  613. 
,,  capitis     anticus 

major,  612. 
,,  capitis     anticus 

minor,  612. 
,,  capitis     anticus 
posticus  major, 
259. 
,,  capitis     anticus 
posticus  mmor, 
259. 
,,  femoris,  48S. 
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Muscle,  rectus  oculi  externus, 
654. 
, ,  ,,       ,,     inferior, 

659. 
,,  ,,       ,,     interims, 

656. 
,,  ,,       ,,     superior, 

651. 
,,         retrahensaurem,5'27. 
,,         rhomboideus    major, 
252. 
,,  ,,  minor, 

252. 
,,         Blolan's,  643. 
, ,         risorius       Santorini, 

535. 
,,         rota  to  res  spinse,  258. 
,,         sacro-lumbalis,  255. 
,,         sartorius,  484. 
, ,         scalenus  anticus,  6 1 3. 
,,  ,,        medius,  613. 

,,  ,,       posticus,  6 13. 

,,         semimembranosus, 

498. 
, ,         semispinalis        colli, 

257. 
, ,         semispinalis      dorsi, 

257. 
,,         semitendinosus,  49S. 
, ,         serratus  magnus,  274. 
,,  ,,         posticus   in- 

ferior, 253. 
,,  ,,         posticus  su- 

perior, 253. 
,,         soleus,  508. 
,,         sphincter  ani  exter- 
nus, 354. 
, ,  , ,      ani  internus, 

354. 
,,  ,,      colli,  536. 

,,  ,,      tertius,  410. 

,,  ,,      vaginte,  364. 

,,         spinalis  dorsi,  257. 
,,         splenius  capitis,  255. 
,,  ,,        colli,  255. 

,,         stapedius,  690. 
,,         sterno-mastoid,  539. 
,,  ,,      hyoid,  547. 

,,  ,,      thyroid,  547. 

,,         stylo-glossus,  5S6. 
,,  ,,     hyoid,  557. 

,,  ,,     pharyngeus, 

602. 
,,         subanconeus,  290. 
,,         subclavius,  271. 
,,         subcrureus,  488. 
,,         subscapulars,  285. 
,,         supinator       radii 

brevis,  299. 
,,         supinator      radii 

longus,  295. 
,,         supraspinatus,  285. 
,,         temporal,  619. 
,,         tensor  fasciae  femoris, 

484. 
,,  ,,       palati,  579. 

,,  ,,       tarsi,  642. 


Muscle,  tensor  tympani,  690. 
,,         teres  major,  284. 
,,  ,,     minor,  284. 

, ,         thyro  -  arytenoideus, 

628. 
,,  ,,  epiglottideus,628. 

,,  ,,  hyoid,  548. 

,,         tibialis  anticus,  501. 
,,  ,,       posticus.  514. 

, ,         trachelo-mastoideus, 

257. 
,,         tragicus,  524. 
,,         trans  versalis     abdo- 
minis, 376. 
,,         transversalis     cervi- 

cis,  257. 
,,         transversus        auri- 
culas, 524. 
,,  ,,     lingua?,  594. 

,,  ,,     pedis,  518. 

,,  ,,     perinei,  358, 

364. 
,,  ,,     perinei  pro- 

fundus, 358. 
,,         trapezius,  250. 
, ,         triangularis     sterni, 

312. 
, ,         triceps  extensor  cub- 

iti,  289. 
,,         triticeo-glossus,  5S7. 
,,         vastus,  externus,  4S8. 
,,  ,,        internus,  4S9. 

,,         zygomaticus,  536. 
Muscles    of    hand    and    foot 

compared,  520. 
Muscularis  mucosas,  395. 
Musculi  papillaris,  32 1 . 
,,        pectinati,  324. 
Musculocutaneous  nerve,  274, 
280,  502. 
,,         phrenic  artery,  554. 
,,         spiral  groove,  142. 

„     nerve,  281, 29S. 
Mylo-hyoid  artery,  582. 
,,  muscle,  585. 

,,  nerve,  598. 

„  ridge,  240. 

Mylo-pharyngeus,  613. 
Myocomma,  72. 
Myrtiform  fossa,  20S. 

Nail  bed,  277. 

,,     fold,  277. 

„     wall,  277. 
Nails,  277. 
Names,  1. 
Nares,  anterior,  522. 

,,     posterior  —  Choanse,  211. 
Narium  septum,  634. 
Nasal  artery,  lateral,  561. 

,,      bones,  232. 

,,      cartilages,  634. 

,,      cavities,  633. 

„      duct,  646. 

,,      fossas,  208. 

,,      index,  247. 

,,      lamella,  208. 


Nasal  lobe,  633. 

,,      nerve,  655. 

,,      process,  lateral,  16, 235. 

,,      region,  208. 

„      spine,  206,217,232,235, 
238. 
Nasmyth's  membrane  =  cuti- 

cula  dentis,  569. 
Naso-labialis,  633. 
Naso-palatine  artery,  638. 
,,  nerve,  638. 

Nates  =  optic  lobes,  57,  723. 
Navicular  bone,  194. 
Neck,  anatomical,  39,  143. 

,,       anterior  triangle  of, 556. 

, ,      deep  dissection  of,  539. 

,,      dissection  of,  524. 

,,      posterior,  540. 

,,      side  of,  556. 
Neoplastic  ossification,  38. 
Nerve,  49. 

,,      abducens,    sixth    pair, 
59,  655. 

,,      accessory   obturator, 
468. 

,,      acromial,  543. 

,,      articular,  46S. 

, ,      articular  obturator, 468. 

,,       auditory,  685. 

, ,      auricularis  magnus,  542. 

,,  ,,        pne u mo  -  gas- 

tric, 607. 

,,  ,,        posterior,  576. 

,,      auriculo-temporal,  597. 

,,      buccal,  600. 

,,      cardiacus  inferior,  350. 

,,  ,,  medius,  350. 

,,  ,,  superior,  350. 

, ,      cardiac,  of  vagus,  609. 

, ,      cells,  49. 

,,      centres,  50. 

,,      cervical,       descending, 

,,  544. 

,,      cervicalis   superficialis, 
542. 

,,      cervico-facial,  577. 

,,      chorda-tympani,  599. 

,,      ciliary,  655. 

,,  ,,       nasal,  656. 

,,      circumflex,  273. 

,,       classfication  of,  53. 

,,      clavicular,  543. 

,,      coccygeal,   477. 

„      communicans  fibularis, 
498. 

,,  ,,  noni,544. 

,,  ,,  tibialis, 

498. 

,,      crural,  487. 

,,      cutaneous      abdominal 
anterior,  370. 

,,       cutaneous      abdominal 
lateral,  370. 

,,       cutaneous  internus,  274. 

,,  ,,         medius    fem- 

oris, 483. 

,,      dental,  anterior,  662. 
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Nerve,  dental  inferior,  598. 

,,  ,,        posterior,  662. 

,,  descendens  noni,  544. 

,,  diaphragmatic  =  phre- 
nic, 315,  544. 

,,  digastric,  576. 

„  digital,  306. 

„  dorsal,  257,  370. 

,,  dorsalis  penis,  360 

,,  ,,        ulnaris,  305. 

,,  endings,  55. 

,,  facial,  576. 

,,  fibres,  50. 

„  frontal,  649. 

,,  genicular,  499. 

,,  genito-crural,  466. 

,,  glosso-pharyngeal,  603. 

,,  gluteal,  inferior,  474. 

,,  ,,         superior,  475. 

,,  gustatory  =  lingual, 

599. 

,,  hosmorrhoidal  =  rectal, 

360. 

,,  hypoglossal,  59,  601. 

,,  ilio-hypogastrfc,  466. 

,,  ,,    inguinal,  370. 

,,  incisor,  662. 

,,  inframaxillary,  576. 

,,  infraorbital,  662. 

,,  infratrochlear,  655. 

,,  intercostal,  370. 

,,  ,,     cutaneous,  243. 

,,  ,,     humeral,  274. 

,,  interosseous  anticus,305. 

,,  ,,             posterior, 

299. 

,,  Jacobson's,  605. 

„  labial,  662. 

,,  lacrymal,  649. 

„  laryngeal,  externus,  609. 

,,  „         inferior,  609. 

,,  ,,         superior,  601, 

629. 

,,  lingual,  599. 

,,  lumbar,  466. 

,,  lumbo-sacral,  474. 

,,  malar,    nervi    facialis, 

576. 

,,  masseteric,  600. 

,,  maxillary,  inferior,  597. 

,,  ,,        superior,  662. 

,,  median,  274,  305. 

„  meningeal,  648. 

,,  motor  oculi,  third  pair, 

59,  647,  656. 

,,  musculocutaneous,  274, 

280. 

,,  musculo  -  cutaneous 

cruris,  502. 

,,  musculo-spiral,281,298. 

,,  mylo-hyoid,  598. 

,,  nasal,  655. 

,.  nasopalatine,  664. 

,,  obturator,  468. 

,,  ,,         internus,  476. 

,,  occipitalis,  major,  257. 

,,  ,,            minor,  541. 


Nerve,  oesophageal,  393,  394. 

,,  of  levator  anguli 
scapulae.  253. 

,,      olfactory,  637. 

„      ophthalmic,  649. 

,,      optic,  659. 

,,      palatine,  accessor}7, 664. 

,,  ,,         great.  664. 

,,  ,,         middle,  664. 

,,      palpebral,  649,  663. 

,,      palmariscutaneous,305. 

,,  ,,        ulnar,      deep, 

307. 

,,  ,,       snperficial,305. 

,,      patellar,  483. 

,,      pectineus,  468. 

,,      perforans  Casserii,  274. 

,,      perineal,  360. 

„      peroneal,  502. 

,,  petrosal,  deep,  great, 
665 

„  ,,     superficial,      ex- 

ternal, 609. 

,,  ,,     superficial,  great, 

664. 

,,  ,,    superficial,  lesser, 

601. 

„      pharyngeal,  609. 

,,      phrenic,  315,  544. 

,,      plantar,  external,  515. 

,,  ,,         internal,  515. 

, ,  pneumo-gastric  =  vagus, 
342,393,606,694,738. 

, ,      popliteal,  external,  502. 

,,  ,,  internal,  515. 

,,      portio  dura,  576. 

,,  ,,       mollis,  542. 

,,      pterygoidei,  600. 

,,      pterygo- palatine,  664. 

,,      pudendal,  356. 

„      pudic,  360,  477. 

,,      pulmonary,  342. 

,,      pyriformis,  475. 

,,      quadratus  femoris,  477. 

,,      radial,  298. 

,,  respiratory,  external, 
273. 

,,      rhomboid  muscles,  253. 

,,      sacral,  476,  478. 

,,  saphenous  externus  — 
sural,  506. 

,,  ,,         internus,  487. 

,,      sciatic,  great,  476. 

,,  ,,        lesser,  475. 

,,      serratus  magnus,  274. 

,,      spheno-palatine,  664. 

,,      spinal  accessory,  609. 

,,  splanchnic,  great,  352, 
460. 

,,  ,,  least,    352, 

461. 

,,  „  lesser,  352, 

461. 

,,      sternal,  543. 

„      stylo-hyoid,  576. 

,,      subclavian,  273. 

,,      subcutaneous  mal35,662. 


Nerve,  suboccipital,  259,  543, 
552. 

,,      subscapular,  274. 

,,      super ticialis  colli,  542. 

,,      supra-acromial,  543. 

,,  ,,      clavicular,  543. 

,,  ,,      maxillary  =  suj>e- 

riorbucco-labial, 
577. 

,,  ,,      orbital,  649. 

,,  ,,      scapular,  273. 

,,  ,,      sternal,  543. 

,,  ,,      trochlear,  649. 

,,      sural,  506. 

,,      sympathetic         abdo- 
minal, 460. 

,,  ,,        cervical,  610. 

,,  ,,       pelvic,  462. 

,,  ,,        thoracic,  352. 

,,      temporal,  600. 

,,      temporo-facial,  576. 
orbital,  662. 

,,      tensor  vagina?  femoris, 
475. 

,,      teres  minor,  273. 

,,      thoracic,  anterior,  273. 

,,  ,,         lateral,  273. 

,,  ,,         posterior.  273. 

,,      thyro-hyoideus,  545. 

,,      tibial,  anterior,  502. 

,,  ,,       posterior,  515. 

,,      tissue,  21,  49. 

,,      trifacial,  5th  pair,  59, 
647. 

,,      trochlearis,    4th    pair, 
59,  647,  654. 

,,      tympanic,  605. 

,,      ulnar,  274,  307. 

,,      uterine,  462. 

,,      vagus,  606. 

„      vasomotor,  57. 

,,       Vidianus,  663. 
Neural  canal,  10,  99. 
Neurenteric  canal,  15. 
Neuro-central  line,  99. 

suture,  100,  112. 
Neuroglia,  50. 
Neuro-keratin,  50. 
Ninth  nerve,  603. 
Nodes  of  Ranvier,  52. 
Nodule,  728. 
Norma  basilaris,  20S. 

,,       facialis,  206. 

,,       lateralis,  204. 

,,       occipitalis,  203. 

,,       verticalis,  203. 
Nose,  522. 

,,      cavity  of,  632. 

,,      meatus  of,  23. 

,,      nerves  of,  637. 

,,      septum  of,  233. 
Nostrils,  633. 
Notch,  presterual,  IIS. 
Notches  of  Lantermann,  50. 
Notochord,  8,  30,  111. 
Nucha?  ligamentum,  123. 
Nuchal  lines,  209,  210. 
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Nuchal  plane,  214. 

Nuck,  canal  of,  457. 

Nuclein,  3. 

Nuclei  of  medulla  oblongata, 

737. 
Nucleolus,  3. 
Nucleoplasm,  3. 
Nucleus,  3. 

,,         amygdali,  713. 

,,         caudatus,  713. 

,,         lenticularis,  716. 
pulposus,  113,  121. 
Nuhn,  gland  of,  594. 
Nymphse  =  labia  minora,  363. 

Oblique  band  of  Cooper,  152. 
,,         inferior,  660. 
,,         ligament    of    atlas, 

123. 
,,  ,,       radio-ulnar, 

153. 
line,  1S2,  185. 
,,  ,,     scapular,  135. 

,,         lines  of  radius,  147. 
,,         superior,  653. 
Obliquus  auriculse,  524. 

,,         capitis  inferior,  259. 
„  ,,       superior,  259. 

,,         externus  muscle,  371. 
,,         internus       ,,       375. 
Obturator  artery,  426,  494. 
,,  externus,  493. 

,,  fascia,  355. 

,,  foramen,  164,   166, 

167. 
,,  internus,  478. 

,,  line,  166. 

,,  membrane,  169. 

,,  nerve,  467,  493. 

Occipital  bone,  213. 
,,         condyles,  210. 
„         crest,  204,  214. 
,,         groove,  210. 
,,         protuberance,     204, 
214. 
Occipitalis  minor  nerve,  541. 

,,  muscle,  526. 

Occipito-atlantic  joint,  127. 

, ,       ligament,  anterior, 

120. 
,,      ligament,  posterior, 
123. 
Occipito-mastoid,  204. 

,,        odontoid  joint,  128. 
Occiput,  development  of ,  216. 
Oculo-nasal  recess,  521. 
Odontoid  process,  103. 
(Esophageal  opening,  464. 

,,  orifice  of  stomach, 

395. 
(Esophagus,  15,  394. 
Olecranon  bursa,  277. 
,,  fossa,  143. 

,,  process,  150. 

Olfactory  bulb,  717. 

,,         epithelium,  637. 
,,         nerve,  637,  717. 


Olfactory  tubercle,  717. 
Olivary  process,  211,  225. 
Omenta,  391. 

,,         gastro-splenic,     391, 
435. 
Omento-colic  fold,  392. 
Omentum,  formation  of,  388. 
great,  386. 
lesser,  386. 
Omo-hyoid  muscle,  547. 
,,  plexus,  545. 

Omphalo-mesenteric  vein,  14, 
Operculum  nasi,  636. 
Ophthalmic  artery,  656. 

,,  vein,  658. 

Opponens  minimi  digiti,  310, 
518. 
,,         pollicis,  309. 
Optic  excavation,  674. 

„     foramen,  207,  211,  226. 
,,     lobes,  57,  723. 
,,     nerve,  659. 
,,     papilla,  674. 
,,     vesicle,  16. 
Ora  serrata,  673. 
Orbicular  ligament,  151. 
Orbicularis  palpebrarum,  641. 
Orbiculo- zygomatic,  563. 
Orbiculus  ciliaris,  673. 
Orbital  ridge,  235. 
Orbits,  206. 

Organ  of  Jacobson,  635. 
Organisation,  unit  of,  2. 
Organs,  1. 

,,        digestive,  14. 
Origin  of  muscles,  66. 
Orthogonal  cancelli,  35. 
Os  innominatum,  163. 
,,  planum,  230. 
,,  trigonum,  193. 
,,  ulnare,  155. 
Ossa  carpalia,  156. 
Ossicula  auditus,  688. 
Ossification,  centres  of,  38. 
,,  history  of,  40. 

,,  metaplastic,  38. 

,,  neoplastic,  38. 

[For  ossification  of  particular  bones, 
see  uncier  their  special  headings.] 

Osteoblasts,  33,  37. 
Osteoclasts,  39. 
Osteogenic  fibres,  37. 
Osteogeny,  37. 
Ostium  abdominale,  456. 
Otoconia,  685. 
Ovario-pelvic  fold,  455. 

,,  ,,      ligaments   of, 

455. 
Ovary,  454. 
Ovum,  4. 
Oxyntic  cells,  398. 

Pacchionian  bodies,  60, 528, 

552. 
Pacinian  corpuscles,  54. 


Pad  sucking,  5S5. 
Palatal  glands,  595. 
Palate,  arches  of,  695. 

,,     development  of,  15,  237. 
„     hard,  211,  596. 
,,     muscles  of,  619. 
,,     process,  236. 
,,     soft,  595. 
Palatine  arteries,  562. 

aponeurosis,  619. 
bone,  23S. 

canals,  211,236,237. 
foramina,  211. 
nerves,  664. 
papilla?,  596. 
trigone,  236. 
Palato-ethmoidal    cells,    230, 
636. 
,,      glossus,  618. 
,,      pharyngeus,  618. 
Palmar  arch,  deep,  310. 

,,  ,,      superficial,  304. 

, ,        cutaneous  nerves,  305. 
,,        fascia,  300. 
,,       nerve    of    the   ulnar, 

deep,  307. 
,,       nerve    of    the    ulnar, 
superficial,  307. 
Palmaris  brevis,  2W9. 
,,         longus,  300. 
Palpebral,  640. 
Palpebral  arteries,  657. 
,,         ligament,  642. 
,,         nerves,  649. 
,,         tendon,  652. 
,,         veins,  657. 
Pampiniform  plexus,  384. 
Pancreas,  15,  417. 

,,       development  of,  418. 
Pancreatic  arteries,  425. 
„  duct,  418. 

,,  veins,  419. 

Paucreatica  magna  artery,  422. 
Pancreatico-duodenal  arteries, 
422. 
, ,  gastric  folds,  390. 

Papilla  lacrymalis,  522. 
,,       of  kidney,  438. 
,,       of  skin,  141. 
,,       submaxillary,  558. 
Papilla?  of  the  tongue,  591. 
Paradidymis,  377. 
Parallel  fissure  =  1st  temporo- 

sphenoidal,  703. 
Paramastoid  process,  215. 
Parenchymatous  cartilage,  30. 
Parietal  bone,  216. 
„        lobe,  705. 
Parieto-occipital  fissure,  703. 
Paroccipital  process,  215. 
Parostosis,  37. 
Paroophoron,  457. 
Parotid  arteries,  563. 
„       duct,  566,  575. 
,,       gland,  574. 
Parovarium  =  paroophoron, 
457. 
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Par  vagum  —  vagus,  393,  606. 
Patella"  180. 
Patellar  plexus,  483. 
Pavement  epithelium,  24. 
Pectineus,  490. 
Pectoral  depressions,  118. 
Pectoralis  major,  265. 
,,  minor,  267. 

Pedicle,  99. 

Peduncle   of   the  cerebellum, 
inferior,  728. 
,,  of  the  cerebellum, 

middle,  728. 
,,  of  the  cerebellum, 

superior,  728. 
,,  of     the    cerebrum, 

712. 
,,  of  the  pineal  body, 

722. 
Peduncular  fibres,  728. 
Pelage,  95. 
Pelvic  cavity,  171. 
,,      false,  171. 
,,      fascia,  444. 
,,       girdle,  163. 
,,      index,  172. 
,,      plexus,  462. 
Pelvis,  female,  172. 
,,       male,  172. 
,,  ,,     dissection  of,  448. 

of  kidney,  438. 
Penis,  370,  371. 
,,       os,  371. 
,,       vessels  of,  370. 
Peptic  glands,  39S. 
Perforating    arteries    of     the 

femoral,  492. 
Perforating  arteries  of  inter- 
nal mammary,  264. 
Perforans  Casserii  nerve,  280. 
Pericardium,  47,  318. 
Periconchal  fossa,  523. 
Perilymph,  682. 
Perineal    artery,    superficial, 
356. 
,,  body,  356. 

,,  fascia,  deep,  357. 

,,  ,,       superficial, 

354. 
,,  frame,  353. 

,,  nerves,  superficial, 

356. 
,,  obstetrical,  362. 

Perineum,  female,  362. 

,,  male,  353. 

Perineural  space,  652. 
Perineurium,  52. 
Periosteum,  33. 
Perithelium,  79. 
Peritoneal  prolongation  on  the 

cord,  3S5. 
Peritoneum,  48,  3S7. 

,,  of  female  pelvis, 

393. 
,,  of    male    pelvis, 

392. 
Peroneal  artery,  514. 


Peroneal  artery,  anterior,  514. 

,,  nerve,  5U2. 

Peroneo  tibial  articulations, 

19. 
Peroneus  brevis,  519. 
,,         longus,  518. 
,,         tertius,  502. 
Perpendicular  plate,  230. 
Pes  accessorius,  716. 
,,    anserinus,  576. 
,,    hippocampi,  715. 
,,    triangle  of,  371. 
Petit,  canal  of,  677. 
Petrosal  ganglion,  603. 

,,        nerve,  deep,  606, 665. 
,,  ,,       external,  609. 

,,  ,,       large,  664,665. 

,,  ,,       small,  605. 

,,  .,       superficial, 

664. 
,,         sinus,  inferior,  534. 
,,  ,,      superior,  534. 

Petro-occipital  furrow,  210. 

,,  ,,         ligament,  225. 

Petrous  bone,  221. 
Peyer's  patches,  90,  403. 
Phalangeo  -  cutaneous       liga- 
ments, 301. 
Phalanges,  158,  197. 
Pharynx,  14,  613. 

,,         interior,  615. 
,,         muscles  of,  614. 
,,  openings  of,  616. 

Pharyngeal  aponeurosis,  615. 
,,  ascending  artery, 

562. 
,,  nerve,  607. 

,,  tubercle,  210. 

,,  vein,  614. 

Pharyngo-epiglottic  fold,  621. 
,,  ,,         ligament, 

621. 
,,         glossal  muscle,  618. 
Philtrum,  523. 
Phrenic  artery,  420. 
,,        ganglion,  461. 
,,        nerve,  315,  544. 
Phrenosplenic  ligament,  434. 
Pia  mater  of  the  brain,  60, 529. 

,,         cord,  259. 
Pigmentary  layer  of  retina, 

672. 
Pilasterrd  femur,  177. 
Pillars  of  the  abdominal  ring, 
373. 
,,  ,,       diaphragm,  464. 

,,         ,,      fauces,  595. 
,,         ,,      foruix,  714. 
,,         ,,      soft  palate,  595. 
Pineal  body,  57,  722. 
Pinna,  or  auricle  of  the  ear, 

523. 
Pisiform  bone,  155. 
Pithode,  2. 
Pituitary  body,  749. 

, ,         diaphragm,  530, 532. 
,,         fossa,  213. 


Pituitary  membrane  =  mucosa 

of  nose,  637- 
Plane  median,  2. 
Plantar  arch,  515. 

arteries,  515. 
fascia,  510. 
ligament,  long,  200. 
nerve,  external,  515. 
,,        internal,  515. 
Plantaris,  508. 
Plate,  medullary,  7. 

,,      muscle,  HI. 
Platycneurism,  182. 
Platymeric,  111. 
Platypellic,  172. 
Platyrhine,  248. 
Platysma  myoides,  535. 
Pleura,  48,  315. 
Pleuro-colic  fold,  386. 
Pleuro-peritoneal  cavity, "8. 
Plexus,  aortic,  461. 

Auerbach's,  399,  46L 

,,       basilar  venous,  534. 

,,       brachial,  272. 

,,       cardiac,  350. 

,,       carotid,  680. 

,,       cavernous,  680. 

,,       cervical,  541. 

,,       choroides  cerebelli, 
733. 

,,  ,,  cerebri,  713. 

,,       cceliac,  460. 

,,       coronary      of      the 
stomach,  460. 

,,       diaphragmatic,  461. 

,,       guise,  348. 

,,       hepatic,  460. 

,,       hemorrhoidal  —  rec- 
tal, 360. 

,,       hypogastric,  462. 

,,       of  Leber,  666. 

„       lumbar,  466,  496. 

,,       Meissner's,  399,  461. 

,,       mesenteric,  461. 

,,  ,,      superior,  461. 

,,       oesophageal,  395. 

,,       omohyoulean,  54 

,,       pampiniform,  42 

,,       patellar,  4S3. 

,,       pharyngeal,  607. 

,,       phrenic,  461. 

,,       prostatic,  462. 

,,       pterygoid,        venous, 
580. 

,,       pulmonary,    anterior, 
395. 

,,  ,,     posterior,  395. 

,,       renal,  461. 

,,       sacral,  462. 

,,       solar,  460. 

,,       spermatic.  461. 

,,       splenic,  460. 

,,       suprarenal,  461. 

,,       tympanic,  491. 

,,       uterine,  462. 

,,        vaginal,  462. 

,,       vesical,  462. 
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Plica  epigastrica,  3S6. 

,,     petro-clinoidea    antica, 
531. 
,,  >>  postica, 

531. 
,,     semilunaris,  377,  522. 
Plica?  fimbriatse,  585. 
,,     interdigitalis,  276. 
,,     sigmoideag,  405. 
,,     umbilicales,  386. 
,,     urachi,  3S6. 
,,     villosse,  316. 
Pneumo-gastric  nerve  =  vagus, 

342. 
Polar  bodies,  4,  5. 
Pomum  Adami,  621. 
Pons  hepatis,  429. 
,,     Tarini  =  posterior   per- 
forated plate,  694. 
,,     Varolii,  729. 
Ponticulus  hepatis,  416,  429. 
Popliteal  artery,  497,  499,  509. 
,,         glands,  500. 
,,         nerve,  external,  515. 
,,  ,,       internal,  515. 

,,        space,  496. 
,,  ,,      morphology  of, 

497. 
,,         triangle,  175. 
,,         vein,  499. 
Popliteus,  509. 
Portal  vein,  430. 
Porter's  fascia  =  pretracheal, 

538. 
Portio  dura  =  facial  uerve,576, 
747. 
, ,       mollis  =  auditory 

nerve,  6S4,  732,  73S. 
Posterior  commissure,  720. 
,,         elastic  layer  of  cor- 
nea, 66S. 
,,         ligament  of  knee, 

187. 
,,         medullary  velum, 

732. 
,,         pyramid,  732. 
,,         vesicular  column, 
740. 
Posudxial,  2. 
Posterula,  636. 
Post-oral  visceral  clefts,  14. 
,,     pharyngeal    fascia,    538, 

613. 
,,     tracheal  fascia,  538. 
,,     trigonal  pouch,  448. 
Pouch,  Douglas's,  448. 
,,       ilio-caecal,  399. 
,,       inguinal,  385. 
,,       laryngeal,  624. 
,,       of  Rathke,  14. 
,,       of  Seessel,  14,  620. 
,,       subcaecal,  399. 
Poupart's  ligament,  170. 
Preaxial,  2. 
Precentral  fissure,  717. 
Precervical  sinus,  343. 
Preglenoid  tubercle,  220. 


Premolar  teeth,  571. 
Prepatellar  bursa",  483. 
Prepuce,  363,  36S. 
Prerectal  muscle,  405. 
Prescapula,  136. 
Presternum,  119. 
Prevertebral  fascia,  538,  613. 
Primitive  streak,  6. 
Princeps  cervicis  artery,  562. 
,,       pollicis  artery,  297. 
Process,  facial,  16. 

,,         fronto-nasal,  16. 
,,         maxillary,  16. 
Processus  cochleariformis,562. 
Proctodseum,  15. 
Profunda  artery,  inferior,  2S8. 
,,  ,,       of  the  neck, 

25S,  554. 
,,  ,,       of  the  thigh, 

486,  491. 
,,  ,,       superior,  28S. 

Prominens  vertebra,  102. 
Promontory,  224. 

,,  of  sacrum,  109. 

Pronator    quadratus    muscle, 
308. 
,,  radii  teres,  299, 510. 

Pronephros,  17. 
Pronephric  duct,  17. 
Pronucleus,  4. 
Prostate  gland,  450. 
Prostatic  ganglia,  462. 

„         part  of  the  urethra, 
„         plexus,  22. 
„         sinuses,  25. 
Prostatico-vesical  plexus,  42S. 
Protoplasm,  2. 
Protovertebrse,  S,  111. 
Pseudo-ganglion,  Bochdalek's, 
662. 
,,         of     circumflex 
nerve,  273. 
Cloquet's,  635. 
,,         Valentin's,  662. 
Psoas  magnus,  495. 
,,     parvus,  496. 
Pterygoid  arteries,  583. 
,,  external,  579. 

fossa,  211,  228. 
,,  internal,  581. 

,,  nerve,external,581. 

,,  ,,       internal,  446. 

plates,  211,  228. 
, ,  plexus  of  veins,  584. 

tubercle,  211,  228. 
Pterygo-maxillary  fossa,  211. 
, ,  , ,  ligament, 

244. 
,,  ,,         region,  579. 

,,      pharyngeal  artery,  583. 
,,        pharyngeal    „  canal, 

22S. 
, ,        quadrate      cartilage, 

246. 
, ,       .  spinous  ligam  ent,  229. 
„        temporal      ligament, 
229. 


Pubic  arteries,  485. 

,,      region  of  the  abdomen 
=  hypogastric, 369, 385. 
,,      symphysis,  166. 
Pubis,  166. 

Pubo-prostatic  ligament,  447. 
Pudendal  inferior  nerve,  477. 
Pudendo-anal  plexus,  477. 
Pudic  artery,  427,  477. 

,,      nerve,  477- 
Pulmonary  artery,  336. 
,,  nerves,  336. 

,,  veins,  336. 

Pulp  cavity,  569. 
Pulvinar,  720. 

Puncta  lachrymalia,  522,  645. 
Pupil,  669. 
Purkinje,  axis-cylinder  of,  50. 

fibres  of,  63,  322. 
Pylorus,  396,  399. 
Pyloric  antrum,  396. 
,,       arteries,  422. 
Pyramids,  anterior,  694-733. 
„     decussation  of,  696. 
„     of  Ferrein,  43S. 
, ,     of  the  cerebellum,  728. 
,,       ,,  thyroid  body,  630. 
,,       ,,  tympanum,     224, 

692. 
,,     posterior,  734. 
Pyramidal  bone,  1S5. 

,,  fibres   of   the  me- 

dulla, 726. 
,,  masses  of  kidney, 

43S. 
,,  process,  211. 

Pyramidalis  abdominis,  377. 

,,  nasi,  527. 

Pyramid  of  Malpighi,  438. 
Pyriform  aperture,  206,  235. 

,,  sinus,  620. 

Pyriformis,  475. 

Quadrate  cartilage,  634. 

lobe,  410. 
Quadratum  ligamentum,  153. 
Quadratus  femoris,  478. 

,,  lumborum,  466. 

Quadriceps    extensor    cruris, 

4S8. 
Quadrilateral  cervical,  525. 
,,  muscles,  68. 

Racemose  glands,  22. 

Radial  artery,  297. 
Radialis  indicis,  298. 
Radiatio  thalami,  720. 
Radio-carpal  joint,  155. 

,,      ulnar  joint,  153,  154. 
Radius,  146. 

,,        development  of,  149. 
Ramus,  inferior  ischial,  165. 
,,  ,,        pubic,  166. 

,,        mandibular,  239. 
,,        superior  pubic,   166, 
350. 
Ranine  artery,  561. 

49 
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Ranine  vein,  520,  561. 
Banvier,  nodes  of,  52. 
Raphe  of  corpus  collosum,  536. 
,,        palate,  596. 
,,         perineum,  o'53. 
,,         pharynx,  614. 
Raseeta,  275. 

Rathke,  pouch  of,  14,  620. 
,,        trabecular  of,  245. 
Receptaculum  chyli,  4o4. 
Recess,  elliptical,  683. 
,,       of  labyrinth,  683. 
,,       pharyngeal,  616. 
,,       spherical,  683. 
,,       tonsillitic,  594. 
Rectal  arteries,  426. 

,,      veins,  354. 
Recto-coccygeus,  410. 
,,      utei-ine  pouch,  408. 
,,      vesical  fascia,  446. 
,,  ,,       pouch,  48. 

Rectus  abdominis,  377. 

,,      capitis  anticus,  major, 
612. 
,,  ,,  ,,        minor, 

613. 
,,  ,,       lateralis,  613. 

,,  ,,       posticus,  major. 

259. 
,,  ,,  .   ,,        miuor, 

259. 
,,      femoris,  4S8. 
,,      oculi  externus,  654. 
,,         ,,     inferius,  659. 
,,         ,,     internus,  656. 
,,         ,,     superius,  651. 
Rectum,  columns  of,  353,  387. 
Red  corpuscles,  74. 
Reil,  island  of=dusula,  705. 
Reissner,  membrane  of,  685. 
Renal  artery,  423,  440. 

,,      vein, 
Reniculi,  441. 
Reniform  fossa,  223. 
Replacement  cells,  24. 
Respiration,  131. 
Respiratory    nerve   of  Bell  = 

posterior  thoracic,  273. 
Retiform  body, 
Rete  acromiale,  270. 
,,     bipolar,  80. 
,,     carpale  anterius,  309. 
,,  ,,       posterius,  298. 

,,     malleolar,  505. 
,,     Malpighii,  92. 
,,     mucosum,  92. 
,,     olecrani,  290. 
,,     patellare,  503. 
,,     testis,  383. 
,,     unipolar,  80. 
,,     venosum  dorsale,  500. 
Reticular  cartilage,  31. 
Retiform  tissue,  27. 
Retina,  672. 
Retinacula,  68. 

,,  of  Morgagni  (ilio 

eaeeal),  409. 


Retinacula  of  Wei tbrecht,  179. 

,,  trochlea,  653. 

Retrahens  aurem,  527. 
Retro-peritoneal  attachments, 

391. 
Rhomboideus,  252. 
Rhomboid  ligament,  140. 
Ribs,  114. 

,,     cervical,  102. 
,,     classification  of,  114. 
,,     development  of,  117. 
Richet's  canal,  376. 
,,         fascia,  386. 
Rictus  oculi,  521. 
Rima  of  the  glottis,  625. 
,,     oris,  565. 
,,     urogenitals,  362. 
Ring,  abdominal,  deep,  378. 
,,  ,,      superficial, 373. 

,,      femoral,  482. 
Riolan,  bones  of,  225. 
,,       muscle  of,  643. 
Risorius  of  Santorini,  53S. 
Rivini,  ducts  of,  589. 
,,       hiatus  of,  688. 
Robin,  space  of,  88. 
Rolando,  fissure  of,  703. 
Root  of  lung,  335. 
Rostrum,  226,  712. 
Rotation,  44. 
Rotatores  spinas,  258. 
Round  ligament  of  hip,  179. 
,.  ,,        of  liver  =  obli- 

terated umbi- 
lical vein,  392. 
, ,  , ,        of  uterus,  457. 

Rugae  of  bladder,  448. 
,,      of  stomach,  397. 

Sac,  lacrymal,  646. 
Sacculus    endo  -  lymphaticus, 
681. 
,,  laryngis,  625. 

,,  vestibuli,  681. 

Saccus  venosus,  81. 
Sacra  media,  428. 
Sacral  aorta,  428. 

,,      cornua,  109. 

,,      foramina,  108. 

,,      ganglia,  461. 

,,      hiatus,  110. 

,,      lateral  artery,  425. 

,,      plexus,  476. 

,,      promontory  of,  109. 
Sacrococcygeal  joint,  120. 

,,     coccygeus,  259. 

,,     iliac  joint,  168. 

,,     lumbalis,  255. 

,,     sciatic  ligaments,  169. 
,,       notch,  164,  169. 

,,     vertebral  angle,  109. 
Saccular  stage  of  teeth,  572. 
Sacrum,  9S. 
Sagittal  section,  2. 

,,        suture,  203. 
Salivary  glands,  574,  588. 
Salpingo-pharyngeus,  619. 


Santorini,  cartilages  of,  624. 
,,         duct  of,  402. 
, ,         parietal  foramen  of, 

535. 
,,         risorius   muscle  of, 
535. 
Saphenous  nerve,  487. 

,,  opening,  480,  481. 

vein,  480,  500. 
Sarcolemma,  63. 
Sartorius,  487. 
Scala  media,  683. 
,,     tympani,  683. 
,,     vestibuli,  683. 
Scalene  tubercle,  117. 
Scalenus  anticus,  613. 
,,         medius,  613. 
,,         posticus,  613. 
Scaphoid  bone,  155. 
Sca2)hoid  or  foot  =  navicular, 

fossa,  214,  228. 
Scapula,  132. 

,,         ligaments  of,  136. 
Scapular  arteries,  553. 

,,         index,  136. 
Scapuloclavicular  joint,  140. 

,,        humeral  joint,  141. 
Scarpa's  fascia,  483. 

,,        triangle,  485. 
Schachowa:s  irregular  tubes, 

440. 
Schindylesis,  42. 
Schlemm,  canal  of,  672. 

,,  ligament  of,  146. 

Schneiderian  membrane  —  mu- 
cosa of  nose,  637. 
Schulze,  olfactory  cells  of,637. 
Schwann,  white  substance  of, 

51. 
Sciatic  artery,  476. 
,,     ligaments,  169. 
,,     nerve,  greater,  427,  476, 

500. 
,,     notches,  165. 
Sclerotic  coat  of  the  eye,  640, 

667. 
Screw  ginglymi,  44. 
Scrotum,  368,  379. 
Sebaceous  glands,  95. 
Second  nerve,  659. 
Secretion,  21. 
Seessel,  pouch  of,  14,  629. 
Segmentation,  5. 
Sella  turcicia,  213. 
Semen,  382. 

Semicircular  canals,  681. 
Semilunar  bone,  155. 

,,  cartilages,  182,189. 

fascia,  282. 
foldofDouglas,377. 
,,  ganglia,  460. 

, ,  valves  of  aorta,  326. 

,;  ,,   of  pulmonary 

artery,  325. 
Semimembranosus,  498. 
Seminal  ducts,  382. 
„        vesicles,  449. 
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Seminiferous   tubes,  382. 
Semispinalis  colli,  257. 
,,  dorsi,  257. 

Semitendinosus,  497. 
Semivagina  humeri,  137,  281. 
Septal  cartilage,  634. 
Septa  intermuscular,  28. 
Septum  aortic,  S3. 

,,       auricularum,  83. 
,,       crurale,  482. 
,,       inferius,  SI. 
,,        intermuscular  of   the 
arm,  281. 
,,  ,,     of  the  thigh, 

483. 
,,       lucidum,  714. 
,,       narium,  634. 
,,       pectiniforme,  211. 
,,       scroti,  369. 
,,       of  the  tongue,  590. 
,,       ventriculorum,  83. 
Serial  homologies,  2. 
Serous  glands,  590. 

,,       membranes,  47. 
Serratus  magnus,  274. 

, ,        posticus,  inferior,  253. 
,,  ,,      superior,  253. 

Serum,  75. 
Sesamoid  bones,  6S. 

,,         cartilage,  21. 
Seventh  nerve,  576. 
Sheath  of  Henle,  52. 

,,      of  the  femoral  vessels, 
482. 
fingers,  200. 
,,         ,,       rectus,  377. 
Shoulder-joint,  144. 
Sibson's  fascia,  539. 
Sigmoid  artery,  423. 

,,        cavity,  greater,  149. 
,,  ,,       lesser,  150. 

Sigmoid  flexure  of  the  colon, 
408. 
,,        groove,  213. 
,,        notch,  241. 
,,        valves,  330. 
Sinus,  80. 

alae  parva?,  534 
aortic,  330. 
atlantis,  102. 
basilar,  534. 
cavernous,  533. 
circular,  of  Ridley,  534, 
coronary,  321. 
frontal,  639. 
lateral,  533. 
longitudinal,    inferior, 
532,  628. 
,,     %     superior, 
531,  532. 
lunatus,  148. 
lymph,  89. 
maximus,  345. 
occipital,  534. 
petrosal,  inferior,  534. 
,,         superior,  534. 
pleural,  316. 


Sinus,  pocularis  =  prostaticus, 
452. 
,,       precervical,  344. 
,,       prostaticus,  452. 
,,       renalis,  438. 
,,       sigmoid,  533. 
,,       sphenoidal,  639. 
,,       straight,  of  the  skull, 

532. 
,,       terminalis,  13,  84. 
,,       torcular,  533. 
,,       transverse,  534. 
„       of  Valsalva,  318,  330, 

347. 
,,       venosus,  SI. 
Sixth  nerve,  59,  655. 
Skeleton,  98. 

, ,         appendicular,  46, 98, 
132. 
axial,  9S,  110. 
Skene's  tubes,  454. 
Skew  muscles,  69. 
Skio,  92. 
Skull,  203. 

Slender  cerebellar  lobe,  727. 
Small  intestine,  400. 
,,      omentum,  3S6. 
Socia  parotidis,  575. 
Soft  commissure,  720. 
,,    palate,  595. 
,,         ,,        muscles  of,  619. 
Solar  plexus,  460. 
Sole  of  the  foot,  dissection  of, 

510. 
Soleus  muscle,  508. 
Solitary  glands,  403. 
Somatopleure,  8,  47. 
SOmmerring,  yellow  spot  of, 

676. 
Speculum  rhomboideum,  250. 
Spermatic  artery,  3S4,  424. 
,,  cord,  384. 

,,  fascia,  373. 

,,  tubes,  382. 

,,  veins,  384. 

Spermatoblasts,  382. 
Spermatozoa,  5,  3S2. 
Sphenoid  bone,  225. 
Sphenoidal  fissure,  207. 
,,  folds,  532. 

,,  spine,  236. 

Spheno-mandibular  ligament, 
244,  588. 
,,       maxillary  fissure,  207. 
,,  ,,         nerve,  662. 

,,       palatine  artery,  583. 
,,  ,,         foramen,  239. 

,,  ,,        ganglion,  663. 

,,  ,,        nerves,  664. 

,,       turbinal  bone,  225. 
,,       parietal  suture,  205. 
Sphincter  ani  externus,  354. 
,,  ,,    internus,  410. 

,,  colli,  535. 

,,  muscles,  70. 

,,  tertius,  410. 

,,  vaginas,  364. 


Spigelian  lobe,  410. 
Spina  annularis,  210. 

,,      helicis,  524. 
Spinal  accessory  nerve,  609. 
,,       arteries,  742. 
,,       canal,  99. 

cord,  II,  56,  259. 
,,       foramen,  99. 
,,       nerves,  59. 
' , ,  , ,        roots  of,  59. 

,,       veins,  259. 
Spinalis  cervicis,  257. 

,,        dorsi,  257. 
Spine,  99. 

,,       curves  of,  129. 
Spino-glenoid  ligament,  137. 
Spinous  processes,  99. 
Splanchnic  layer,  11. 

,,  nerve,  large,  352, 

460. 
,,  ,,       small,  460. 

,,  ,,    smallest,460. 

Splanchnopleure,  S,  47. 
Spleen,  91,  3S6,  434. 
Splenic  artery,  422. 
,,       omentum,  435. 
,,       vein,  430. 
Splenium,  712. 
Splenius  capitis,  255. 

,,         colli,  255. 
Spongy  bones,  231. 

,,       part  of   the  urethra, 
453. 
Scpuama  occipitis,  204. 
Scpaamous  bone,  219. 

,,  suture,  41,  205. 

Stalk,  splanchnic,  15. 
Stapedial  artery,  562. 
Stapedius  muscle,  690. 
Stapes  bone,  6S9. 
Stellate  ligament,  124. 
Stenson's,  canal  of,  236,  635. 

,,  duct,  566,  575. 

Stephanion,  405. 
Sterno-clavicular  articulation, 
139. 
,,      cleido-mastoid,  239. 
,,      costal  joints,  127. 
,,       hyoid,  547. 
,,      thyroid,  547. 
Sternum,  117. 
Stomach,  15,  3S6,  395. 
Stomata,  27,  79. 
Stomodaeum,  15. 
Straight  sinus,  532. 
Streak,  primative,  6. 
Striate  body,  5S,  713. 
Striae  gravidarum,  367. 

,,     obtecta;,  712. 
Stroma,  455. 
Stylo-glossus,  586. 
,,     hyoid,  587. 
„  ,,  ligament,  221,  587. 

,,     mastoid    foramen,    210, 

222. 
, ,     maxillary  ligament,  244, 
58S. 
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Stylo-muscle,  557. 

,,     pharyngeus,  602. 
Styloid  process,  148,  206,  221, 

22S. 
Subanconeus  muscle,  290. 
Subarachnoid  fluid,  6"0. 
,,  gland,  60. 

,,  space     of     the 

cord,  260. 
Subcaudal  fold,  353. 
Subcecal  pouch,  405. 
Subclavian  artery,  left,  548. 
„  ,,      right,  548. 

,,  nerve,  275. 

,,  vein,  550. 

Subclavius  muscle,  271. 
Subcoracoid  notch,  133. 
Subcostal  angle,  131. 
Subcruentum  ligamentum,  159. 
Subcrureus,  489. 
Subcutaneous  malar  nerve,  662. 
Subdural  space,  61,  529. 
Subflava  ligamenta,  122. 
Sublingual  artery,  561. 
fold,  585. 
,,  gland,  589. 

Sublobular  vein,  413. 
Submaxillary  ganglion,  599. 
„  gland,  588. 

,,  papilla,  5S5. 

,,  region,  585. 

Submental  artery,  561. 
Suboccipital  nerve,  259,  543. 
Subpharyngeal  cartilage,  596. 
Subpubic  ligament,  168. 
Subscapular  artery,  270. 
,,  fascia,  281. 

fossa,  133. 
,,  muscle,  285. 

„  nerves,  273. 

Subtantia  gelatinosa,  744. 
Siibzonal  layer,  19. 
Sucking  pad,  566. 
Sulci  of  brain,  701. 

,,     of  radius,  148. 
Sulcus,  alar,  523. 
,,       costalis,  116. 
,,       iron  to-nasal,  521. 
„       hamuli,  228. 
,,       infrapalpebral,  522. 
,,       longitudinal,    of    the 
liver  =  fissure     for 
umbilical  vein  and 
ductus  venosa,  392, 
410,  412. 
,,       mento-labial,  523. 
,,       naso-labial,  523. 
,,       palpebro-malar,  522. 
,,       spiralis,  686. 
,,       terminalis,  84. 
,,       transverse,  205,  206. 
Superciliary  arch,  205,  521. 
Superficial  fascia,  94. 

,,  ,,      oftheabdo 

men,  369. 
i  a  ,,      of  the  perin- 

eum, 354. 


Superficial  fascia,  of  the  thigh, 

480. 
Superficialis  cervicalis  artery, 
553. 
, ,  , ,  nerve, 

542. 
,,  voire  artery,  297. 

Superscapula,  135. 
Supinator  radii  brevis,  299. 
,,  ,,     longus,  295. 

Supraclavicular  fossa,  525. 

,,  nerves,  543. 

Supraglenoid  tubercle,  133. 
Supraoccipital  bone,  214. 
Supraorbital  artery,  658. 

,,  ligament,  219. 

,,  margin,  206, 217. 

,,  nerve,  649. 

Suprarenal  artery,  423. 
,,  capsule,  459. 

Suprascapular  artery,  553. 

,,  ligament,  136. 

,,  nerve,  273. 

notch,  133. 
Supraspinatus  muscle,  285. 
Supraspinous  fossa,  133. 

,,  ligament,  123. 

Suprasternal  nerves,  543. 
Supratrochlear  nerve,  649. 
Sural  nerve,  506. 

„     vein,  501,  506. 
Surgical  neck,  143. 
Suspensorius  duodeni,  401. 
Suspensory   ligament   of    the 
lens,  677. 
,,  ,,    of  the  liver 

=    falci- 
form, 392. 
,,  ,,  of  the  penis, 

370. 
Sustentaculum  tali,  194. 
Suture,  41. 

,,        forms  of,  41. 
,,        neurocentral,  112. 
Sweat  glands,  96. 
Sylvian  aqueduct,  57. 
,,       fissure,  707. 
vein,  528. 
Symmetry,  2. 

Sympathetic  nerve  in  the  ab- 
domen,460. 
,,  „  in  the  head, 

609. 
,,  ,,  in  the  loins, 

461. 
,,  ,,  in  the  neck, 

610. 
,,  ,,  in  the  pelvis, 

461. 
,,  ,,  in  the  thorax, 

351. 
Symphysial  cartilage,  31. 
Symphysis  menti,  239. 
,,  pubis,  168. 

Synarthroses,  41. 
Synchondrosis,  42. 
Syndesmosis,  42. 


Synergists,  66. 
Synostosis,  52. 
Synovial  membrane,  42,  48. 
Systems  of  parts  in  the  body,  1 . 
,,        Haversian,  35. 

Taenia  coli,  404. 

,,       hippocampi  =  corpus 

fimbriatum,  715. 
,,       sagittalis,  84. 
,,       semicircularis,  713. 
,,       terminalis,  84. 
Tailfold,  9. 
Tapetum,  673,  712. 
Tarsal  artery,  505. 

,,      articulation,  200. 
,,      body,  642. 
,,      bones,  47,  196. 
,,      membrane,  642. 
Tarso  -  metatarsal       articula- 
tions, 200. 
Taste  buds,  592. 
Teeth,  567. 
Tegmentum,  725. 
Temporal  apoueurosis,  577. 
,,         artery,  563. 

deep,  582. 
,,  ,,       middle,  563« 

bone,  219. 
crest,  205,  218. 
,,         fossa,  205. 
,,         lobe,  705. 
,,         muscle,  579. 
,,         nerves,  deep,  600. 
, ,  , ,  superficial, 

600. 
,,         vein,  564. 
Temporo-facial  nerve,  576. 
, ,  maxillary     articula- 

tion, 243. 
Tendo  Achillis,  509. 
Tendon,  28,  65. 

,,       conjoined,  375. 

,,       Lockwood's     orbital, 

650. 
,,       palpebral,  642. 
,,       siuus  orbital,  650. 
Tendons  of  flexor  profundus, 
302. 
,,  ,,        sublimis, 

302. 
Tenon's   capsule,  652. 
Tensor  palati  muscle,  619. 
,,       tarsi,  642. 
,,       tympani,  690. 
, ,       fasciae  or  vagina?  f emo« 
ris,  4S4. 
Tentorium  cerebelli,  531. 
Teres  major  muscle,  2S4. 
,,      minor  muscle,  284. 
Terminale  filum,  60. 
Terminalis  sinus,  13. 
Terminology,  1 . 
Testis,  380. 

Thalamencephalon,  57. 
Thalamic  region,  57. 
Thalamus,  720. 
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Thebesian  foramina,  322. 

valve,  323. 
Theca  vertebralis,  259. 
Thecse,  48. 
Thecal  sulci,  148. 
•Thenar  eminence,  275. 
Thigh,  dissection  of,  back,  496. 
,,  front,  480. 

,,  ,,  inner  side, 

489. 
Third  nerve,  59,  647,  656. 

,,      ventricle,  719. 
•Thompson's  line,  566. 
Thoracic  aorta,  345. 
,,         duct,  434. 

ganglia,  352. 
,,         index,  131. 
,,         nerve,  273. 
Thoracico-acromialis    artery, 
270. 
,,  alaris  =  glandular 

branches  of  thor- 
acicodoDga,  270. 
,,  superior.  270. 

Thorax,  131. 

,,    superior  aperture  of,  315. 

Thymus,  14,  343. 

Thyro-artenoid  ligaments,  626. 

,,     artenoideus  muscle,  629. 

,,     epiglottidean  ligament, 

629. 
,,     glossal  duct,  632. 
,,     hyoid  membrane,  243. 
,,         ,,      muscle,  548. 
,,         ,,      nerve,  545. 
Thyroid  artery,  inferior,  552. 
,,  ,,        lowest  =  mid- 

dle thyroid, 
631. 
,,  ,,        superior,  560. 

,,        axis  of  artery,  552. 
„        body,  15,  631. 
,,        cartilage,  621. 
,,        vein,  inferior,  631. 
,,  ,,     middle,  631. 

,,  ,,     superior,  560. 

Tibia,  180. 

Tibial  artery,  anterior,  504. 
,,  ,,        posterior,  514. 

,,      nerve,  anterior,  503. 
,,  ,,       posterior,  515. 

,,      veins,  anterior,  504. 
,,  ,,      posterior,  514. 

Tibialis  anticus  muscle,  501. 

,,        posticus,  514. 
Tibio-fibular  articulations,  191 . 
,,     tarsal  articulation,  198. 
Tissues,  1. 
Tongue,  590. 

,,       muscles  of,  594. 
,,       nervesof,599,601,606. 
,,       papillae  of,  591. 
Tonsil,  90,  596. 

,,       pharyngeal,  616. 
Tonsillar  artery,  561. 
Topographical  anatomy,  1. 
Torcular  Herophili,  533. 


Trachea,  337. 

,,         structure  of,  338. 
Trachelo-mastoid,  257. 
Tragus,  523. 

Transverse   arteries   of  pons, 
697. 
,,         fissure  of  the  cere- 
brum, 702. 
,,         fissure  of  the  liver, 

410. 
, ,         ligament  of  the  ace- 
tabulum, 179. 
,,         ligament  of  the  at- 
las, 127. 
,,         ligament    of    the 

knee,  189. 
,,         ligament    of   the 
metacarpus,  162. 
,,         ligament    of    the 
metatarsus,  201. 
,,         ligament    of    the 
scapula  =  supra- 
scapular, 136. 
, ,         perineal  artery ,  359. 
,,        process,  99. 
,,         sinus,  533. 
Tranversalis  abominis,  366. 
,,         cervicis  muscle,  257. 
,,         colli  artery,  553. 
,,         faciei  artery,  563. 
,,         fascia,  376. 
,,         humeri  artery  =  su- 
prascapular, 553. 
Transversus  linguae,  597. 
,,  pedis,  518. 

,,  perinei,  deep,35S. 

Trapezium  bone,  1 56. 
Trapezius  muscle,  256. 
Trapezoid  bone,  156. 

,,  ligament,  140. 

Triangle  of  the  neck,  anterior, 
556. 
,,  ,,  posterior, 

540. 
„         of  Petit,  372. 
,,         Scarpa's,  485. 
Triangular  fascia  of  groin,  374. 
,,    fibro-cartilage  of  wrist, 

159. 
,,    ligament    of  the  ure- 
thra, 358. 
,,    space  of  the  bladder, 
448. 
Triangularis  sterni  muscle,318. 
Triceps  extensor  cubiti,  289. 
Tricuspid  valve,  325. 
Trigone  of  bladder,  448. 
Trigonum  trabecular,  220. 
Triticea  corpora,  623. 
Trochlea,  142,  218,  653. 
Trochoid  joints,  44. 
Tubarius  processes,  228. 
Tuber  cinereum,  720. 
,,      maxillare,  236. 
,,      omentale,  416. 
Tiibercle,  articular,  220. 
,,         carotid,  102. 


Tubercle,  Chassaignac's,  102. 

,,         Lisfranc's,  117. 
Tuberosity  of  ilium,  164. 

,,      of  ischium,  165,  363. 
,,      of  vertebra,  101. 
Tubes,  bronchial,  339. 
,,      Eustachian,  617. 
,,      Fallopian,  456. 
,,      seminiferous,  382. 
Tunica,  adipose,  436. 

,,        albuginea,  381,  438. 
,,        cremasterica,375,379. 
,,        vaginalis,  3S0. 
Turbinal  bones,  635,  231. 
Tympanic  body,  605. 
,,         bone,  221. 
,,         canaliculi,  223. 
Tympanum,  225,  687- 
I'yrrelVs  fascia  =  recto-vesical, 
355. 

Ulna,  149. 

,,      ossification  of,  151. 
Ulnar  artery,  302. 
„      nerve,  274,  307. 
,,      pronator  ridge,  150. 
Umbilical  region,  368. 

,,         vesicle,  9. 
Umbilicus,  367. 
Unciform  bone,  156. 
Uncinate  process,  230. 
Ungual  phalanx,  154. 
,,        process,  159. 
Unicellular  glands,  22. 
Unilocular  bursae,  48. 
Unipolar  retia,  SO. 
Unit  of  organisation,  2. 
Unstriped  muscle,  62. 
Uracho-vesical  fibres,  447. 
Urachus,  385. 
Ureter,  17,  442. 
Urethra,  362,  451. 
,,        female,  454. 
,,        male,  371. 
Urethral  muscle,  361. 
Urinary  extravasata,  370. 
Urogenital  apparatus,  17. 
,,  rima,  362. 

,,  sinus  —  anterior 

region  of  cloaca, 
366. 
Uterine  arteries,  426. 
Uterus,  451,  454. 
Utricle,  681. 
Uvea,  671. 
Uvula,  395. 

,,       vesicle,  448. 

Vacuoles,  3. 

Vagina,  458. 
Vaginal  arteries,  413. 
„       bulbs,  364. 

process,  210,  221,  226, 
228. 
,,        veins,  413. 
Vagino -vesical  fibres,  441. 
Vagrant  ganglia,  59. 
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Vagus,  606. 

,,       branches  of,  609. 
,,       ganglia  of,  59,  606. 
,,       nucleus  of,  732. 
Valentin,  pseudo-ganglion  of, 

662. 
Vallecula,  276,  620. 
Valsalva,  sinuses  of,  330,  345. 
Valve,  Eustachian,  83,  323. 
Heister's,  415,  416. 
Houston's,  409. 
ileo-csecal,  409. 
,,    colic,  409. 
mitral,  326. 
semilunar,  326. 
Thebesian,  323. 
tricuspid,  325. 
of  Vieussens,  731. 
Valves  in  veins,  79. 
Valvula  sinistra,  83. 
Valvuke  conniventes,  402. 
Variability,  2. 
Varieties  of  structure,  2. 
Varolian  flexure,  16. 
Vas  aberrans,  289,  383. 
„    deferens,  383,  449. 
Vasa  afferentia,  441. 
,,     brevia,  422. 
,,     efferentia,  383. 
,,     recta,  441. 
,,     vasorum,  80. 
,,     vorticosa,  669. 
Vascular  area,  12. 

,,         system,  embryology 
of,  81. 
Vaso-inhibitory  nerves,  59. 
Vasomotor  nerves,  59. 
Vastus  externus,  488. 
,,       interims,  489. 
Vater's  corpuscles  =  Pacinian 
corpuscles,  54. 
,,        diverticula,  402,  412. 
Vein,  79. 

,,     angular,  562. 
,,     axillary,  268. 
,,     azygos,  348. 
,,     basilic,  278. 
,,     brachial,  196. 
, ,     brachio-cephalic  =  inno- 
minate veins,  349. 
,,     bronchial,  348. 
,,     cardiac,  321. 
,,     cava,  inferior,  429. 
,,         ,,     superior,  322,  345. 
,,     cephalic,  278. 
,,     cerebellar,  700. 
,,     cerebral,  700. 
,,     coronary,  321. 
,,     corporis  striati,  713. 
,,     dorsal  of  the  penis,  320. 
,,     emissary,  534. 
,,     epigastric,  428,  429. 
,,     facial,  562. 
,,     femoral,  487. 
„     Galen's,  532,  719. 
,,     hemorrhoidal,  354. 
,,     hemia2ygos,  349. 


Vein,  hepatic,  413. 

,,     iliac,  common,  429. 

,,         ,,     external,  429. 

,,        ,,     iuternal,  429. 

,,     innominate,  349. 

,,     intercostal,  348. 

,,  ,,        superior,  348. 

,,     interlobular,  413. 

,,     intralobular,  413. 

,,     jugular,  anterior,  546. 

,,  ,,      common,  546,564. 

,,  ,,      external,  545. 

,,  ,,      internal,  545, 564. 

,,  ,,      transverse,  545. 

,,     lingual,  561. 

,,     lobular,  413. 

,,     lumbar,  429. 

,,     mammary  internal,  344. 

,,     maxillary  internal,  567. 
584. 

,,     median,  of  arm,  278. 

,,  ,,        basilic,  278. 

,,  ,,         cephalic,  278. 

„  „         deep,  278. 

,,  ,,         of  neck,  546. 

, ,     mesenteric,  inferior,  430. 

,,  ,,         superior,  430. 

,,     ophthalmic,  688. 

,,     pudic,  360. 

,,     pulmonary,  336. 

,,     radial  cutaneous,  336. 

,,     ranine,  561. 

,,     renal,  429. 

,,     sacral,  median,  429. 

„     salvatella,  278. 

,,     saphenous,  480,  278. 

„     sciatic,  428,  476. 

,,     spermatic,  429. 

,,     spinal,  350. 

,,     splenic,  430. 

,,     subclavian,  550. 

,,     sublobular,  413. 

,,     suprarenal,  429. 

,,     sural,  500. 

,,     Sylvian,  528. 

,,     temporal,  564. 

,,     temporo-facial,  564. 

,,  ,,         maxillary,  564. 

,,     thyroid,  inferior,  631. 
middle,  631. 

,,  ,,         superior,  560. 

,,     ulnar,  278. 
,,     umbilical,  87. 
,,     vaginal,  413. 
,,     vertebral,  552. 
Velum  interpositum,  57,  719. 

,,       palati,  618. 
Vena  porta?,  86,  430,  431. 

,,     terminalis,  713. 
Vense  cavse  hepaticaa,  413,  430. 
,,     comites,  8. 
,,     stellatas,  439. 
Venous  blood,  74. 

,,       system,     morphology 
of,  86. 
Ventral  foramina,  373. 

,,        muscles,  71. 


Ventricle,  brain,  of  Arantius, 

fifth,  715. 

,,  ,,  fourth,57. 

,,  ,,  lateral,  58, 

712. 

third,  719. 

,,  heart,  76. 

,,      left,  328. 
,,  ,,      primary,  81. 

„      right,  324. 
,,  larynx,  624. 

Ventricular,  septum,  83. 
Verheyen's  venas  stellatse,  439. 
Vermiform     appendix,     387, 

405,  409. 
Vertebra,  98,  107. 

,,         anticlinal,  105. 

,,         cervical,  102. 

,,         development  of,  lls 

112. 
,,         dorsal,  104. 
,,         lumbar,  106. 
,,         passage,  107. 
,,         prominens,  102. 
Vertebral  artery,  550,  697. 
,,         column,  128. 
,,  ,,         curves  of, 

129. 
, ,  , ,         growth  of, 

130. 
,,         grooves,  129. 
,,         index,  130. 
,,         ribs,  114. 
,,         triangle,  259. 
,,         vein,  551. 
,,         zone,  8. 
Vertebro-costal  joints,  124. 
,,      ribs,  114. 
,,         sternal  ribs,  114. 
Verticalis  norma,  203. 
Verumontanum  =  colliculus 

seminalis,  452. 
Vesalii,  foramen,  534. 
Vesical  artery,  426. 
,,       triangle,  449. 
,,       uvula,  448. 
Vesicle,  auditory,  16. 
,,        cranial,  11. 
,,        germinal,  4. 
,,        optic,  16. 
,,        umbilical,  9. 
Vesiculas  seminalis,  450. 
Vessels,  blood,  12. 
Vestibule  of  vulva,  363. 

ear,  225,  683. 
Vestibulum  lacrymalis,  645. 
,,         nasi,  635. 
,,         oris,  566. 
Vestigial  fold,  87,  318. 
Vicarious  varieties,  2. 
Vidian  artery,  583. 
,,      foramen,  226. 
,,      nerve,  663. 
Villi,  403. 

Vincula,  68,  294,  308. 
Viscera,  abdominal,  393. 
Visceral,  skeleton,  296. 
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Viscero-inhibitory  nerves,  59. 

,,       motor  nerves,  59. 
Visual  plane,  661. 
Vital  capacity,  335. 
Vitellin,  4. 

Vitelline  membrane,  4. 
Vitreous  body,  676. 
Vocal  chords,  624. 
Volas  superficialis,  297. 
Voluntary  muscle,  62. 
Vomer,  233. 
Vortex  cordis,  332. 
Vulva,  363. 
Vulvo-scrotal  sac,  364. 

Waehendorfs  membrane 

=  membrana  pupillaris,  679. 
Weber's  glands,  594. 
Weitbrecht,  retinacula  of,  179. 
Wharton's  duct,  5S9. 

jelly,  20. 
White      line,      Hesselbach's, 

385. 

, .         , ,     of  levator  ani,  444. 
Willis,  circle  of, 
,,       cords  of,  532. 


Willis,  nerve      of  =  eleventh 

pair,  609. 
Wilson's  muscles,  361. 
Winslow,    ligamentum   posti- 
cum  of,  187. 
,,         foramen  of,  3S6,  389. 
, ,         f  rasnum      suspenso- 
rium,  283. 
Wirsung,  duct  of,  402,  418. 
Withers,  123. 
Wolffian  body,  17,  454. 
duct,  17,  457. 
Woolner' s  tip,  524. 
Wormian  bones,  245. 
Wrisberg's  ligament,  1S9. 

, ,  nerve  =  lesser  inter- 

nal     cutaneous, 
274. 
Wrist-joint,  160. 

,,         ,,       synovial  cavities 
of,  161. 

XiphicOStal  ligament,  127. 
Xiphisternum  —  metasternum, 

117. 
Xiphoid  cartilage,  117. 


Y-Shaped  cartilage,  168. 

,,  ligament,  178.    • 

Yelk  or  yolk,  4. 

,,     cleavage  of,  6. 
Yellow  spot,  676. 

Zinn,  tendo-orbitalis  of,  650. 
Zona  fasciculata,  459. 
glomerulosa,  450. 
orbicularis,  169,  179. 
parenchymatosa,  455. 
pellucida,  4. 
radiata,  4,  19. 
reticularis,  459. 
tendinosa,  325. 
vasculosa,  455. 
Zone,  lateral,  8. 

,,      vertebral,  8. 
Zonula  ciliaris,  677. 
Zygomatic  arch,  205,  219. 
,,  fossa,  211. 

,,  muscle,  536. 

,,  ridge,  235. 

,,  spine,  236. 

Zygomatico-temporal     canal, 
234. 


THE    END. 
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